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EDITORIAL

Liver disease in menopause
Carla W Brady
oxidative stress. The sum effect of these changes can
contribute to increased susceptibility to development
of significant liver pathology, particularly nonalcoholic
fatty liver disease and hepatocellular carcinoma, as well
as accelerated progression of fibrosis in liver diseases,
as has been particularly demonstrated in hepatitis C
virus liver disease. Recognition of the unique nature of
these mediating factors should raise suspicion for liver
disease in perimenopausal and menopausal women and
offer an opportunity for implementation of aggressive
treatment measures so as to avoid progression of liver
disease to cirrhosis, liver cancer and liver failure.
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Core tip: There is an interplay of hormonal issues and
aging that create a unique path for development of
liver disease in menopausal women. Reviewed in this
article are the expected liver-related physiologic and
biochemical features of menopause and the impact
of menopause on the natural history of liver disease.
The impact of an understanding of how menopause
mediates liver disease is important as there are growing
numbers of menopausal women worldwide.
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Abstract
There are numerous physiologic and biochemical
changes in menopause that can affect the function
of the liver and mediate the development of liver
disease. Menopause represents a state of growing
estrogen deficiency, and this loss of estrogen in the
setting of physiologic aging increases the likelihood
of mitochondrial dysfunction, cellular senescence,
declining immune responses to injury, and disarray
in the balance between antioxidant formation and
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INTRODUCTION
Chronic liver disease and cirrhosis impose a significant
th
burden on worldwide health. Representing the 12
leading cause of death worldwide, cirrhosis resulted
in the death of one million people in 2010, which was
33% more than the number of persons worldwide
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unfolds, FSH levels remain high, but estrogen levels
begin to fluctuate and eventually decline as the per
manent cessation of menses that defines menopause
ensues. In the premenopausal state, 17β-estradiol is
[8]
the predominant and most potent form of estrogen .
In the postmenopausal state, estrone, a much weaker
form of estrogen, predominates and is produced via
conversion of androstenedione in adipose tissue and
in the liver. In menopause, the interplay of reductions
in estrogen levels along with biochemical effects of the
aging process foster an environment that increases the
propensity for damage within the liver.

Table 1 Benefits of estrogen in liver disease
Inhibition of fibrogenesis
Protection of mitochondrial structure and function
Inhibition of cellular senescence
Increase in innate immunity
Promotion of antioxidant effects

[1]

who died of cirrhosis in 1990 . Similarly, in the United
States, chronic liver disease and cirrhosis represent the
th
12 leading cause of death with approximately 30000
[2]
lives lost each year . More notably, the rate of liverrelated death increases among those of older age,
with chronic liver disease and cirrhosis representing
the fourth leading cause of death in persons aged
45 to 54 years and representing the seventh leading
cause of death in persons aged 55 to 64 years.
Thus, with increasing age there appears to be an
increasing burden of liver disease, and this has been
[3]
demonstrated in both men and women .
For women, issues regarding liver disease are
unique in that both age and hormonal factors influence
the development and progression of various liver
diseases, and it has been demonstrated that this
interplay of factors negatively affects the course of
liver-related health in postmenopausal women. The
average age of natural menopause in the western
world is 51 years, and increasingly larger numbers
of women are approaching menopause. About 6000
women in the United States reach menopause each
day, and it has been estimated that by 2020, more
than 50 million women in the United States will be
older than age 51 years, the majority of whom will
either have fully transitioned to or be in the midst of
[4]
transitioning into menopause . Worldwide estimates
demonstrated that in 1998, more than 477 million
women were postmenopausal, and it is estimated
that by 2025, 1.1 billion women worldwide will be
[5]
postmenopausal . Thus, it is becoming increasingly
important that the natural history and management
of chronic liver disease are understood in the unique
context of how they are mediated by menopause.

Physiologic significance of estrogen

Estrogen exhibits a number of beneficial roles in the
body, as it has been shown to promote coagulation, aid
in maintaining proper fluid balance, and foster increases
in high density lipoproteins and decreases in low density
lipoproteins that lead to favorable lipid profiles. Likewise,
estrogen exerts a number of liver-related benefits (Table
1). Within the liver, estrogen inhibits proliferation of
stellate cells and fibrogenesis. Important steps in the
development of fibrosis in the liver include activation
of stellate cells, which transform into myofibroblastlike cells, and these cells then proliferate and express
[9]
α smooth muscle actin (α-SMA) . They synthesize
large amounts of extracellular matrix components
such as type Ⅰ collagen, type Ⅲ collagen, type Ⅳ
collagen, laminin, fibronectin and proteoglycans. In
rat models in which hepatic fibrosis was induced with
dimethylnitrosamine, treatment with estradiol led to
reduced expression of type Ⅰ procollagen as well as
reduced deposition of type Ⅰ and type Ⅲ collagens,
reduced expression of α-SMA and reduced stellate cell
[10,11]
proliferation
.
Estrogen has been shown to regulate the structure
and function of mitochondria, particularly in tissues
that have a high energy demand. Mitochondria have an
important role in ATP production, cell metabolism and
apoptosis, and homeostasis of reactive oxygen species
(ROS) as well as hepatocyte metabolism of glucose,
[12]
lipids, and proteins . Dysfunction of mitochondria
can lead to disruption of normal cell function and
cell membrane permeability and cell senescence,
the permanent arrest of cell growth. This process
contributes to aging of tissues. Data have shown
that estrogen receptors (ERs) and estrogen binding
proteins are located within the mitochondria of many
[13]
cell types, including the liver . Estrogen mediates the
structure and function of mitochondria via transcription
of mitochondrial DNA and induction of nuclear DNAencoded proteins within the mitochondrial respiratory
chain (MRC), leading to enhanced MRC activity with
[14]
subsequent increased ATP and superoxide . Further,
there are data suggesting that knockout of one ER
isoform (ERβ1) prevents estrogen-derived protection
[15]
against mitochondrial membrane depolarization .

THE LIVER IN MENOPAUSE
Menopause physiology

Menopause is a gradual process of reproductive aging
involving a sequence of hormonal changes over several
years that culminates in the cessation of ovarian
follicular activity and menstrual cycles. The changes
that ensue involve an early follicular phase in the late
reproductive years with increased levels of follicle
stimulating hormone (FSH) and a decline in levels
of inhibin B, a glycoprotein that suppresses FSH and
occurs as a result of a decrease in the number of
[6,7]
ovarian follicles . During this time, estrogen levels
are preserved. However, as the menopausal transition
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Demonstration of the ability of estrogen to protect and
enhance the function of mitochondria suggests that
estrogen may be able to inhibit cellular senescence
induced by mitochondrial damage and thus, in turn,
slow down the aging process in tissues. This further
suggests that the reduction of estrogen as seen in
menopause may promote mitochondrial dysfunction,
cellular senescence, and tissue aging.

interleukins increases, thus creating the inflammatory
[25]
state associated with menopause .

Antioxidants and oxidative stress

Antioxidant enzymes such as superoxide dismutase
(SOD) and glutathione S-transferases are important
in eliminating ROS and protecting cells against insults
[26,27]
from toxic substances and oxidative stress
. These
antioxidants decrease in the liver with aging, thus
raising the susceptibility to liver damage. There are
+ +
2+
decreases in Na K ATPase and Ca ATPase functions
in the aging liver as well, and this can negatively
alter signal transduction pathways and cell functions,
leading to increased lipid peroxidation and fostering
[28]
a predisposition to liver disorders . Aging livers
have been shown to have increases in lipofuscin,
which is considered as an end product of increases in
lipid peroxidation, thus providing further proof of the
aberrant balance of antioxidants and oxidative stress
[29]
seen in the aging liver . Rat models have shown that
the administration of estradiol to aged rats can restore
to normal function the otherwise age-related decline
in the activity of antioxidant enzymes and membranelinked ATPases and can lower lipid peroxidation and
[30]
lipofuscin content in the aged liver . At higher
concentrations, such as in the premenopausal state,
estrogen exerts antioxidant effects, but at lower con
centrations and particularly when containing a catechol,
estrogen exhibits pro-oxidant effects, contributing to
breaks in genetic material and oxidation of bases, and
[8]
increasing oxidative stress in the body .

Expected morphologic features of the menopausal liver

There are a number of morphologic changes that
occur within the liver as it ages, and thus, such
features would be expected to evolve within the liver
in menopause. Such changes include reductions in
liver blood flow and volume as well as changes in
the capacity for liver regeneration. Data have shown
that liver volume, blood flow and function decrease
[16]
approximately 1% per year after age 40 to 50 years .
Overall, liver volume decreases by 20% to 40% by
the time persons reach elderly age, and this reduction
[17]
is noted to be more marked in women . Blood flow
is reduced by 35% to 50% in the elderly and may
contribute to the reduced liver volume that is seen with
[18]
increasing age .

Immunosenescence

Liver injury is mediated in part by the host immune
response, and gender and aging influence the role of
innate and adoptive immunity in liver disease. Data
have shown that female cells show a 10-fold greater
expression of the induction of genes associated with tolllike receptor pathways and antiviral type Ⅰ interferon
responses, leading to an increase in the host detection
[19]
of viral and bacterial nucleic acids . The number and
activity of cells of innate immunity, including dendritic
cells, monocytes and macrophages are higher in
[20]
females compared to males . Likewise, the humoral
and cellular immune responses to antigens are
stronger in females than in males. Women have higher
+
+
CD3 and CD4 cell counts and higher inflammatory
[21,22]
helper T-cell type 1 responses than men
. They
also have greater cytotoxic T cell activity and greater
upregulation of antiviral and proinflammatory genes
than men. It has been observed that these gender
differences in components of the immune response
are related to the binding of sex steroids, including
estradiol, to specific receptors and the subsequent
alteration of cell signaling pathways and production
[23]
of cytokines and chemokines . As the body ages,
monocytes, macrophages and dendritic cells have
decreased function, and the number and function of
[17]
T cells also declines . Thus, despite the hormonallymediated immune advantage that women may have
over men in adaptation to injury, this advantage may
decline in menopause. As an example, data have
+
shown decreasing CD4 cells and B lymphocytes as
well as declining cytotoxic activity of natural killer cells
[24]
in menopause . Levels of inflammatory cytokines and
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LIVER DISEASES IN MENOPAUSE
Hepatitis C

Natural history studies on hepatitis C virus (HCV)
disease have demonstrated slower fibrosis progression
in women compared to men. Fibrosis progression
does not appear to be linear with advancing age,
and hormonal differences may mediate the effect
[31]
of gender on fibrosis progression. Di Martino et al
demonstrated that among HCV-infected women, higher
rates of fibrosis progression occur in postmenopausal
women compared to premenopausal women, and this
rate of fibrosis progression is higher in postmenopausal
women who are not on hormone therapy (HT) com
[31]
pared to postmenopausal women who are on HT .
To further underscore the potential beneficial effect of
estrogen, it was also shown that fibrosis progression
toward advanced liver disease occurs at a higher rate
among nulliparous women compared to women who
have had at least one pregnancy. Additional data
underscore that menopause is associated with higher
rates of advanced fibrosis, and the presence of HT
in menopause appears to be associated with a lower
[32]
level of fibrosis . Concurrent steatosis is also seen
more frequently in postmenopausal women infected
with HCV compared to premenopausal women with
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Nonalcoholic fatty liver disease

HCV, and the concurrent presence of steatosis is also
associated with higher stages of fibrosis.
Menopause has also been demonstrated to have a
negative effect on outcomes in the management of HCV
liver disease. Recent data have shown that HCV-infected
postmenopausal women, particularly nulliparous
postmenopausal women, have been less likely to
achieve sustained virologic response (SVR) following
[33]
treatment with pegylated interferon and ribavirin . In
these data, a longer duration of menopause (greater
than five years) was associated with more severe
fibrosis, whereas past pregnancies and HT were not
associated with fibrosis severity. Menopause was also
associated with higher necroinflammatory activity
and higher rates of steatosis compared to that seen
in premenopausal women. Potentially identifiable
reasons for this were demonstrated through differences
in cytokine levels seen in postmenopausal women
compared to premenopausal women. Higher levels of
TNF-α and IL-6 are seen in postmenopausal women
compared to premenopausal women, and higher
levels of IL-6 are associated with higher levels of
[33,34]
necroinflammatory activity and more severe fibrosis
.
Levels of these cytokines are upregulated in HCV
infection and may negatively influence the response to
HCV treatment with pegylated interferon and ribavirin.
Presently, newer, non-interferon based therapies are
available for HCV liver disease. Although data do
not exist currently on whether there is any impact
of menopause on these rates of response to such
treatment, the overall impact may not be as significant
as with interferon-based therapies given the overall
markedly improved SVRs with these newer therapies.
Gender-specific data on post-transplant outcomes
in patients transplanted for HCV liver disease suggest
potential concerns regarding the possible effect of
menopause and its interplay with age on graft and
patient survival following liver transplantation. Belli
[35]
et al
were able to demonstrate in a multicenter
study that female sex is an independent factor in
progression to severe fibrosis in recurrent HCV disease
post transplant. Furthermore, in approximately 90%
of cases, severe fibrosis progression occurred within
five years post transplant in female patients who were
allocated older donor (greater than age 60 years)
livers, whereas similarly older donor livers allocated
to men led to severe fibrosis progression in less than
50% of those male recipients. Whereas this study did
not specifically assess the impact of menopausal status
on such outcomes, most women in this study were
[36]
postmenopausal. Lai et al
provided later data that
similarly demonstrated female sex as an independent
predictor of severe fibrosis in liver allografts of and
increased mortality of patients with recurrent HCV
liver disease post-transplantation. Compared to
male recipients, women had a 33% increased risk of
developing graft failure.
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Recognized as the most common chronic liver di
sease in the Western world, the median prevalence
of nonalcoholic fatty liver disease (NAFLD) in the
general population is about 20%, and various factors
have been associated with an increased likelihood of
developing NAFLD, including obesity, diabetes mellitus,
[37]
and dyslipidemia . Emerging data suggest that
postmenopausal women may be uniquely at risk for
NAFLD. Although data have reported a higher incidence
of NAFLD in men compared to women, there are
observations of persistent increases in the incidence
of NAFLD in women beyond middle age, whereas
such continued increases in NAFLD incidence are not
[38-40]
demonstrated in men
. Postmenopausal women
are clearly at increased risk for the development of
the metabolic syndrome compared to premenopausal
women, and this is due to multiple changes occurring in
menopause, including decreased energy expenditures
with development of increased visceral fat, increased
weight gain, and increases in triglycerides and cho
[41]
lesterol . Newer data have demonstrated that whereas
men with NAFLD have greater severity of hepatic
fibrosis than premenopausal women, the severity of
hepatic fibrosis in postmenopausal women is similar to
that of men, and this effect has been observed even
[42,43]
in nonobese postmenopausal women
. Similar to
what has been demonstrated with HCV liver disease,
it is believed that such increase in the likelihood of
worsening hepatic fibrosis is related to estrogen loss in
the postmenopausal state.
Yet, there are still important age-related factors
that influence the progression of NAFLD, factors that
postmenopausal women would be exposed to given
their older age. Features associated with hepatocyte
senescence, including telomere shortening and
increased expression of p21, are seen in NAFLD, and
the increased expression of p21 has been associated
[44]
with increased levels of fibrosis in NAFLD patients .
Murine models demonstrated increased levels of
pro-inflammatory cytokines, TNF and monocyte che
moattractant protein 1 in older mice fed high fat diets
compared to younger mice given high fat diets, and
significant steatohepatitis was observed only in these
[45]
older mice . Additionally, with aging, increased
accumulation of fat is seen in many non-adipose tissues,
[46]
including the liver . This accumulation of fat in the
liver is linked to insulin resistance and increased levels
of cytokines, including TNF-α and IL-1, which contribute
to oxidative stress and mediate the inflammatory
[47]
response seen with obesity .

Hepatocellular carcinoma

The incidence of hepatocellular carcinoma (HCC)
increases with older age, and it occurs in men two to
three times more frequently than in women. Recent
data from the Surveillance, Epidemiology, and End
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Results database have demonstrated that women with
HCC have a higher rate of overall survival than men
[48]
regardless of age, race, stage of HCC, or treatment .
Women between the ages of 18 years and 64 years
were noted to have longer survival than men of
the same age, and the largest difference in survival
was noted in women aged 18 years to 44 years.
Furthermore, this gender-based disparity in survival
in HCC patients disappeared in patients older than
65 years of age. Such gender disparity seen in the
development of and survival in HCC is thought to be
mediated by estrogen, and these epidemiologic data
further suggest that menopausal status may mediate
[49]
outcomes in HCC. Shimizu et al
demonstrated that
decreased levels of hepatic ERs are associated with
development of HCC and that ER levels were correlated
with levels of the antioxidant, copper zinc superoxide
dismutase (CuZn-SOD), and inversely proportional
to the lipid peroxidation product, malondialdehyde.
In addition, it was demonstrated that hepatic ER
levels were significantly higher in normal livers of
premenopausal women compared to hepatic ER levels
in postmenopausal women and in cirrhotic patients that
either had or did not have HCC. Furthermore, hepatic
ER levels were higher in women with cirrhosis than in
men with cirrhosis. Other data have shown in murine
models that estrogen can suppress production of the
inflammatory cytokine interleukin-6 (IL-6) and thus
inhibit formation of diethylnitrosamine (DEN)-induced
[50]
hepatocarcinogenesis . Additional data have also
demonstrated that the ER-α protein is downregulated
in 60% of cases of HCC in women, and it is believed
that activation of the p53/microRNA-18a pathway may
promote the upregulation of microRNA-18a that leads
to ER-α downregulation and cell proliferation in HCC in
[51,52]
women
. Whereas this mechanism is purported as
an explanation for why women develop HCC, further
studies will be needed to determine if age mediates
this mechanism.

waited until achieving this level of fibrosis before
consideration for treatment. Concern regarding a more
accelerated progression of fibrosis in postmenopausal
women with HCV liver disease suggests a need for
consideration for a more aggressive treatment approach
in women, particularly among those who are perimenopausal or in their younger years of menopause,
so as to avoid accelerated progression toward advanced
HCV liver disease. Presently, newer HCV treatments,
including sofosbuvir, simeprevir, sofosbuvir/ledipasvir,
and paritaprevir/ritonavir/ombitasvir/dasabuvir, have
minimal side effect profiles, and thus, issues regarding
timing of HCV treatment are no longer influenced
by concerns about side effects. As these drugs are
relatively new and markedly superior in the ability to
eradicate HCV infection, there are no data regarding
whether there is a reduced likelihood of response
to treatment in menopause as has previously been
demonstrated in interferon-based treatment. However,
there should continue to be concern about ensuring
that HCV infection is aggressively managed in all
populations and particularly in women who are at risk
for acceleration of the severity of HCV liver disease.
Therapy for NAFLD centers on control of the un
derlying metabolic features associated with NAFLD,
including obesity, diabetes mellitus, hypertension
and dyslipidemia. As the incidence and severity of
NAFLD is increased among older women, particularly
in those who have achieved menopause, these
observations raise concern about the potential need
for a heightened emphasis on weight loss and control
of other associated metabolic factors in women
who are peri-menopausal and in their early years of
menopause so as to hopefully avoid development of
advanced fatty liver disease in their older years of life.
More broadly, the influence of estrogen on the
progression of liver disease raises query about whether
HT may be beneficial in liver disease. HT has been
shown to improve a number of clinical conditions
associated with menopause, including osteoporosis,
vasomotor symptoms, and atherosclerosis. Concern
about the negative effects of HT on cardiovascular
health were raised in the 2002 Women’s Health Ini
tiative trial, which demonstrated an increased risk in the
[54]
development of heart disease . Secondary analysis of
data from this trial led to discovery that there was no
increased incidence of heart disease in women on HT
between ages 50 and 59 years and among those who
[55]
were within 10 years of menopause . As menopause
ensues and estrogen becomes more deficient, there
[8]
is decreased activity of estrogen receptors . Further,
with aging, there is accumulation of mitochondrial DNA
[56]
mutations and subsequent mitochondrial dysfunction .
Such mitochondrial dysfunction can promote cellular
senescence, and senescent cells may produce in
flammatory cytokines that oppose the response of
estrogen to cytokine formation and may alter expression
[57]
of certain estrogen-regulated genes . These factors

LIVER DISEASE MANAGEMENT IN
MENOPAUSE
Data have clearly shown unique issues in the de
velopment and natural history of liver disease in
menopause. As there is ongoing concern about the
progression of liver injury with liver disease in the
menopausal state, this also raises concern about
the possible need for specialized approaches to liver
disease management among women with chronic
liver disease who are in menopause or approaching
menopause. Previous therapy for HCV liver disease,
namely pegylated interferon, carried a substantial
side effect profile, and thus, recommendations often
suggested consideration for use of pegylated interferon
in the setting of patients with more advanced levels
[53]
of fibrosis . Historically, many HCV-infected patients
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may contribute to the age-dependent function of
estrogen that can be beneficial at younger ages but
deleterious in older age. Whereas studies have shown
an association of HT with slower fibrosis progression
in HCV liver disease and in fatty liver disease, further
studies are needed to determine the extent of benefits
and overall safety of HT in liver disease.

4
5
6

CONCLUSION

7

The combination of age and hormonal factors uni
quely influence the development and progression
of liver disease in postmenopausal women. With
recognition of the various physiologic and biochemical
changes that occur in menopause, there should be a
heightened suspicion for possible liver disease and early
implementation of therapies to minimize the likelihood
of progression to advanced liver disease, liver cancer,
and liver-related death.
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EDITORIAL

Recent developments in the pathophysiology of irritable
bowel syndrome
Magdy El-Salhy

Abstract

Magdy El-Salhy, Section for Gastroenterology, Department of
Medicine, Stord Hospital, 5409 Stord, Norway

Irritable bowel syndrome (IBS) is a common gastro
intestinal disorder, the pathophysiology of which is
not completely known, although it has been shown
that genetic/social learning factors, diet, intestinal
microbiota, intestinal low-grade inflammation, and
abnormal gastrointestinal endocrine cells play a major
role. Studies of familial aggregation and on twins have
confirmed the heritability of IBS. However, the proposed
IBS risk genes are thus far nonvalidated hits rather
than true predisposing factors. There is no convincing
evidence that IBS patients suffer from food allergy/
intolerance, with the effect exerted by diet seemingly
caused by intake of poorly absorbed carbohydrates
and fiber. Obesity is a possible comorbidity of IBS.
Differences in the microbiota between IBS patients and
healthy controls have been reported, but the association
between IBS symptoms and specific bacterial species
is uncertain. Low-grade inflammation appears to play
a role in the pathophysiology of a major subset of IBS,
namely postinfectious IBS. The density of intestinal
endocrine cells is reduced in patients with IBS,
possibly as a result of genetic factors, diet, intestinal
microbiota, and low-grade inflammation interfering
with the regulatory signals controlling the intestinal
stem-cell clonogenic and differentiation activities.
Furthermore, there is speculation that this decreased
number of endocrine cells is responsible for the visceral
hypersensitivity, disturbed gastrointestinal motility, and
abnormal gut secretion seen in IBS patients.
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Core tip: There are several factors that play a major
role in the pathophysiology of irritable bowel syndrome
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Heritability and social learning

(IBS). These factors are genetic disposition, diet,
the intestinal microbiota, and mucosal low-grade
inflammation. These factors are known to affect the
gastrointestinal endocrine cells, with the densities of
intestinal endocrine cells being reduced in IBS patients.
The reduction in the gastrointestinal endocrine cells
seems to be caused by abnormal clonogenic and
differentiation activities of the intestinal stem cells.
The abnormalities in the gastrointestinal endocrine
cells can explain the visceral hypersensitivity, disturbed
gastrointestinal motility, and abnormal gut secretion
observed in IBS patients.

Familial aggregation: Familial clustering of IBS has
been noted in everyday clinical practice, with 37%
of IBS patients reportedly having a family history of
[21]
the disorder . Moreover, it has been shown that IBS
patients are more likely (33.9%) than controls (12.6%)
[22]
to have a family history of IBS . In a cohort of IBS
patients from Olmsted County, USA, a significant
association was found between IBS patients and
having a first-degree family member with IBS, but not
[23]
for their non-IBS spouses . The prevalence of IBS
was 17% among IBS patients’ relatives, compared to
[24]
7% among their spouses’ relatives . Similarly, the
prevalence rates of IBS were reported to be 21%-50%
and 4%-27% among relatives of IBS patients and non[25,26]
IBS controls, respectively
. In a recently published,
nationwide survey of the Swedish population, the
risk of IBS was found to be increased in the first-,
second-, and third-degree relatives of patients with
IBS compared with their non-IBS counterparts, with
the risk tending to be higher in more closely related
[27]
relatives .

El-Salhy M. Recent developments in the pathophysiology
of irritable bowel syndrome. World J Gastroenterol 2015;
21(25): 7621-7636 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7621.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7621

INTRODUCTION
Patients with irritable bowel syndrome (IBS) suffer
from intermittent abdominal pain or discomfort in
combination with altered bowel habits and abdominal
[1-3]
distension/bloating . These symptoms cause sig
nificant morbidity, with impaired quality of life and
[4,5]
reduced work productivity , and is an economic
[6-12]
burden to both the patients and society
. IBS pa
tients can be divided into three subtypes according to
the predominant bowel pattern: diarrhea-predominant
(IBS-D), constipation-predominant (IBS-C), and both
[13]
diarrhea and constipation (IBS-M) .
The pathophysiology of IBS is incompletely un
derstood, and there is no diagnostic test or effective
[14-16]
treatment for this condition
. Thus, IBS patients
visit doctors more frequently, undergo more diagnostic
tests and examinations, consume more medications,
and are hospitalized more frequently than those
[6-12]
without IBS
. Understanding the pathophysiology of
IBS is necessary in order to develop better diagnostic
methods and effective treatments, and consequently
reduce the economical costs both for patients and
society. New data on the pathophysiology of IBS
have accumulated over the past few years, improving
[1,15-20]
our understanding of this disorder
. The aim of
this review was to account for these new data and
integrate them into the current knowledge on the
pathophysiology of IBS.

Twin studies: All twin studies confirm a substantial
[28-31]
[32]
genetic component in IBS
, with one exception .
Among 343 Australian twin pairs, IBS was found to
occur at rate of 33.3% in monozygotic twins compared
to 13.3% in dizygotic twins, with 56.9% of the
[28]
variance being due to additive genetic factors.
In
two studies involving 6060 and 986 American twin
[29,33]
pairs
, the first study showed that the concordance
of IBS was significantly greater in monozygotic (17.2%)
[29]
than in dizygotic (8.4) twins , and in the second
study the polychoric correlation of IBS for monozygotic
twins with IBS was greater than that for dizygotic
[33]
twins (47% and 17%, respectively) . In Scandinavia,
a study conducted involving 3286 Norwegian twin pairs
found that the concordance for IBS was significantly
higher among monozygotic (22.4%) than dizygotic
(9.1%) twins, and that the concordance was higher
[31]
(48.5%) in females . However, in contrast to all other
twin studies, a study of 1870 British twin pairs did not
reveal any significant difference in the rates of IBS
[32]
between monozygotic and dizygotic twins .
Genetic studies: The aforementioned epidemiological
and twin studies point to a potential involvement of
specific genes in the pathogenesis of IBS. Most of the
genetic research has concentrated on the serotonin
signaling pathways, control of immune activation, bile
acid synthesis, neuropeptide activity, and intestinal
[34-37]
secretion
. More than 60 gene candidates have been
proposed to play a role in the genetic predisposition to
[38]
IBS, but these risk genes have yet to be validated .
The most important of these gene candidates are
[39]
described in detail elsewhere . Several studies have
focused on the HTTLPR genotype, which controls
the expression of the SLC6A4 (serotonin transporter

PATHOPHYSIOLOGY OF IBS
There is evidence that several factors play a central
role in the pathophysiology of IBS, such as genetic/
social learning factors, diet, the intestinal microbiota,
low-grade chronic intestinal inflammation, and
[1,14-20]
abnormal gastrointestinal endocrine cells
.
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protein); however, the reported association with IBS is
[40-43]
equivocal
.
The gene that is most likely to be associated with
IBS, and with IBS-C in particular, is that encoding
tumor necrosis factor superfamily 15 (TNFSF15).
It was first described in Swedish and US patients,
and was confirmed in patient cohorts in the UK and
[44-46]
Canada
. However, in a genome-wide association
study (GWAS) the association between TNFSF15
[47]
and IBS was found to be nonsignificant . It was
suggested that this seemingly contradictory finding
can be explained by the possibility that genetic effects
are diluted and more difficult to detect at the general
[47]
population level .
In a general population GWAS, a locus at 7p22.1,
which includes the genes KDELR2 and GRID2IP,
[47]
showed consistent IBS risk effects . KDELR2 encodes
a family of receptors, the most well known of which
is KDELR1 [KDEL (Lys-Asp-Glu-Leu) endoplasmic
reticulum protein retention receptor 1], which is an
integral membrane protein that binds the Lys-Asp-LeuGlu and Arg-Asp-Leu-Glu amino acid motifs of target
proteins and mediates their retrograde transport to
[48-52]
the endoplasmic reticulum
. GRID2IP encodes
delphilin, which is expressed in nerve-fiber-Purkinje[53,54]
cell synapses in the brain
.
The reasons underlying the conflicting results yi
elded by genetic association studies, and especially in
[38,55]
IBS, are discussed elsewhere
. The IBS risk genes
proposed so far are nonvalidated hits rather than
true predisposing factors, and the studies conducted
have been largely too underpowered to capture true
[38]
association signals . In the future, research in this
field should apply the promising GWAS approach to
research candidate mechanisms rather than symptom
[38]
definition .

carbohydrates, proteins, and fats in IBS patients does
[72-78]
not differ from that of the general population
.
However, IBS patients tend to avoid several food
sources that are important to their health, especially
[73]
those rich in vitamins and minerals . Several factors
have been discussed to explain the mechanisms by
which diet plays its role in the pathophysiology of IBS,
such as poorly absorbed carbohydrates and fiber, food
allergy/intolerance, and the comorbidity of obesity and
[1,17,20,79-83]
IBS
.
Poorly absorbed carbohydrates and fiber: Several
food items contain indigestible and poorly absorbed
short-chain carbohydrates, namely fermentable oligo-,
[1]
di-, and monosaccharides, and polyols (FODMAPs) .
FODMAPs include fructose, lactose, sugar sources
(sorbitol, maltitol, mannitol, xylitol, and isomalt), fru
[1,84]
ctans, and galactans
, and occur in a wide range
of foods such as wheat, rye, vegetables, fruits, and
[85-87]
legumes
. These unabsorbed carbohydrates enter
the distal small intestine and colon, where they increase
the osmotic pressure in the luminal cavity and provide
[84,88,89]
a substrate for bacterial fermentation
. This
bacterial fermentation leads to gas production, which
in turn causes abdominal distension and abdominal
pain/discomfort. FODMAPs have been found to trigger
gastrointestinal symptoms in IBS, and a low-FODMAPs
diet reduces symptoms and improves the patient’s
[73,78,90-95]
quality of life
.
Recent studies have shown that the triggering of
IBS symptoms by FODMAPs is much more complicated
than was originally thought. Thus, a low FODMAPs
intake induces favorable changes in the intestinal
[96]
[97-100]
microbiota and gastrointestinal endocrine cells
.
The change from a diet of typical Australian food
to a low-FODMAPs diet was found to change the
intestinal microbiota; whereas a typical Australian
diet increases the relative abundance of butyrateproducing Clostridium cluster XIVa and the mucusassociated Akkermansia muciniphila, and reduces
Ruminococcus torques, a low-FODMAPs diet reduces
[96]
the total bacterial abundance . Several endocrine
cell types in the gastrointestinal tract of IBS patients
[101-120]
are abnormal
, and these abnormalities are
considered to play a major role in the development
of IBS symptoms and represent future targets for
[16,121]
treatment
. Switching from a typical Norwegian
diet to a low-FODMAPs diet has been shown to change
the densities of endocrine cells in the stomach and
[97-100]
large intestine toward normal levels
.

Environment and social learning

Parental modeling and reinforcement of illness be
haviors may play a role in the pathophysiology of
[29,56-59]
IBS
. Having a mother with IBS accounts for as
[56]
much variance as having an identical twin with IBS .
Aggregation of IBS among spouses to IBS patients
has been reported to indicate that nongenetic - and
most probably environmental factors - are responsible
[27]
for IBS clustering . In a more recent comprehensive
review, where a careful weighing of evidence was
made, concluded that social learning may be one of
[60]
the factors involved in the etiology of IBS . Moreover,
the pain caused by visceral hypersensitivity in IBS has
been attributed to atypical attention to pain as a part
[61,62]
of illness behavior
.

Food allergy/intolerance: There is no convincing
evidence to support the idea that IBS patients
[64,67,122-128]
suffer from food allergy/intolerance
. The
prevalence of nonceliac gluten sensitivity (NCGS) in
the United States has been reported to range from
[129,130]
0.55% to 6%
. NCGS is defined as patients with
gastrointestinal and extragastrointestinal IBS-like
symptoms without celiac disease or wheat allergy, and

Diet: Most IBS patients believe that certain food items
[63-71]
trigger their symptoms
. This has resulted in IBS
patients making conscious choices to avoid foodstuffs
such as milk and milk products, wheat products,
caffeine, cabbage, onions, peas, beans, hot spices, and
[63,68,72,73]
fried and smoked food
.The intake of energy,
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with symptom relief on a gluten-free diet (GFD) and
[130-137]
relapse on gluten challenge
.
NCGS was first described more than 30 years
[138,139]
ago
, and has been the focus of several recent
[140-144]
reports
. Contradictory results have been re
ported regarding whether or not NCGS patients have
low-grade inflammation and abnormal intestinal
[141,144-151]
permeability
. However, in double-blind,
[141,143,144]
randomized, placebo-controlled studies
, the
positive effects on symptoms in NCGS patients were
actually found to be the result of wheat withdrawal
[152]
rather than gluten withdrawal
. In a placebocontrolled, crossover study of patients with IBS[153]
like symptoms with self-imposed GFD
, the gas
trointestinal symptoms consistently and significantly
improved when the FODMAPs intake was reduced, and
these symptoms were not worsened by either a low- or
high-dose challenge with gluten. It therefore seems that
it is the carbohydrate content (fructans and galactans)
in the wheat rather than gluten that is responsible
for triggering NCGS symptoms. This conclusion is
supported further by the findings that in those who
believed that they had NCGS, 24% had uncontrolled
symptoms despite consuming a GFD, 27% were not
following a GFD alone, and 65% avoided other foods
[154]
that contain high levels of FODMAPs .
NCGS and IBS patients experience the same sy
mptoms that are triggered by wheat intake, and both
groups have a high frequency of antigliadin antibodies
(AGAs) with negative tissue transglutaminase, or
[133,143,155-158]
deamidated gliadin peptide antibodies
. AGAs
have been reported to have a good sensitivity but a low
[159]
specificity for celiac disease , and 12%-15% of healthy
[155,159,160]
subjects are reportedly positive for AGAs
. It is
thus possible to conclude that NCGS patients are IBS
patients who are self-diagnosed and have self-treated
by adhering to a GFD.

the other four hormones, which have an anorexigenic
[174-189]
action
, are reduced in patients with IBS. This would
be predictive of an increased appetite and food intake in
IBS patients. BMI and appetite in IBS patients have not
been fully studied, and the currently available data are
controversial. It is not clear whether IBS patients have an
increased appetite, which is opposed by the avoidance of
eating because of worsening of symptoms upon eating,
or a high BMI.
Intestinal microbiota: The role of the intestinal
microbiota in the pathophysiology of IBS has been
[190-194]
discussed in detail elsewhere
. The human intestine
14
contains about 10 bacteria belonging to over 1000
[190,195,196]
species
. These bacteria can be present in the
lumen or attached to or embedded in the mucus layer
[197]
of the gastrointestinal tract . The number of bacteria
is lower in the small intestine than in the colon, and
decreases gradually toward the upper parts of the
[198-200]
gastrointestinal tract
. The gastrointestinal microbial
composition is determined by host genetic factors and
[193]
environmental factors
. The environmental factors
include mode of delivery at birth, aging, treatment with
[201]
antibiotics, and sanitation status . The gastrointestinal
microbiota plays a role in gastrointestinal motility,
gut immune defense, digestion and metabolism,
[193,202]
inflammation, and cell proliferation
.
Several studies using culture-based and cultureindependent methods have shown that the microbiota
- as detected in feces samples - differs between in
[203-229]
IBS patients and healthy controls
. However, the
association between IBS symptoms and specific bacterial
[191]
species is uncertain . Although contradictory results
have been reported, decreased levels of lactobacilli
and bifidobacteria, and increased levels of anaerobic
bacteria such as streptococci and Escherichia coli, as
well as increased ratios of Firmicutes, Bacteroidetes,
and Clostridium species have been confirmed in several
[206,226]
studies
.

Obesity and IBS: There has been some concern that
the onset of symptoms upon ingesting food would
result in low food intake with consequent malnutrition
[73,161]
in patients with IBS
. However, while some
studies have found an association between low body
[162]
mass index (BMI) and IBS , others have found the
predominance of normal-weight or overweight IBS
[63]
patients . The association between IBS and obesity
was found to be controversial in a comprehensive
review, and the author concluded that obesity and IBS
[163]
might be linked .
Appetite is regulated by a large number of hormones,
including those secreted by the gastrointestinal endocrine
[164]
cells . The densities of the following five gastrointestinal
endocrine cell types that secrete hormones known to
regulate appetite are abnormal in patients with IBS:
ghrelin, cholecystokinin, peptide YY, enteroglucagon
[101,103,104,107,165-171]
(oxyntomodulin), and serotonin
. Ghrelin
[172,173]
stimulates food intake and body weight gain
. The
density of this endocrine cell type is increased in IBS-D
patients. The densities of endocrine cells that secrete
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Low-grade inflammation: It has been suggested that
the presence of colonic mucosal low-grade inflammation
[18,230]
plays a role in the pathophysiology of IBS
.
However, studies of mucosal low-grade inflammation in
[231]
the colon have yielded contradictory results . There
are reports of increased numbers of intraepithelial
immune cells, and elevated numbers of immune cells
and mast cells in lamina propria of rectal biopsies taken
[116,232,233]
from patients with postinfectious IBS (PI-IBS)
.
The densities of immune and mast cells in the mucosa
of patients with sporadic (nonspecific) IBS (non-PI[234]
IBS) did not differ from those in healthy controls
.
An increased number of intraepithelial lymphocytes has
been found in studies in which no attention was paid to
[235-237]
the previous history of gastrointestinal infection
.
However, an unchanged density of mast cells was found
in studies in which no distinction was made between
[235,238,239]
PI-IBS and non-PI-IBS
. Moreover, the mast
cell density was elevated in PI-IBS but not in non-PI-
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Figure 1 Chromogranin A-immunoreactive cells in (A) a healthy subject and (B) an irritable bowel syndrome patient.
[118,235]

entire intestinal endocrine cell population is toward a
decrease in IBS. This becomes evident when intestinal
biopsy samples are stained with chromogranin A,
which is a common marker for endocrine cells.
Thus, the densities of the total endocrine cells in the
duodenum, ileum, and colon are reportedly decreased,
while those of the stomach and rectum are unchanged
[102,269,271,272]
(Figure 1)
. In contrast to sporadic IBS, the
densities of intestinal endocrine cells in patients with
[109,113,114,116-120,277]
PI-IBS tend to increase
.

IBS
. Similar to the immune cells and mast cells,
inconsistent findings have been reported regarding
[240]
cytokines in patients with IBS , whereby changes in
[240-242]
cytokines were reported in IBS patients
, but not
[243]
in those with non-PI-IBS .
The research performed to date provides compelling
evidence that low-grade inflammation occurs in a
subset of IBS patients, namely those with PI-IBS,
but not in those with non-PI-IBS. PI-IBS represents
a considerable proportion of IBS patients, with an
[244-246]
incidence of 7%-31% among IBS patients
. Thus,
low-grade inflammation plays a significant role in the
pathophysiology in a subset of IBS patients.

Stem cells: Each intestinal crypt contains four to six
stem cells, which originate from pluripotent stem cells
[247,248,278]
of endodermal origin
. These cells divide into
new stem cells (self-renewal; clonogeny) and into cells
that differentiate into all epithelial cell types including
enterocytes, goblet cells, Paneth cells, and endocrine
[279-293]
cells (differentiation progeny)
. The differentiation
progeny includes two lineages: secretory and ab
sorptive. The secretory lineage gives rise to goblet,
endocrine, and Paneth cells, and the absorptive lineage
[279-293]
to absorptive enterocytes (Figure 2)
.
As mentioned above, the total density of intestinal
endocrine cells is reduced in sporadic IBS. A similar
reduction in the density of intestinal endocrine cells has
been observed in congenital malabsorptive diarrhea,
[294,295]
and following small-intestine allograft rejection
.
The decrease in the density of endocrine cells in
both conditions has been found to be caused by a
mutation in the gene encoding the protein neurogenin
3 (NEUROG3), which is expressed in the endocrine
progenitor cells required for intestinal endocrine
development, and a reduction in the progenitors of
intestinal endocrine cells that express NEUROG3 and
[294,295]
NeuroD
. It has recently been reported that
the densities of cells expressing Musashi 1 (Msi-1,
expressed in both stem cells and in their early pro
geny; Figure 3) and NEUROG3 (expressed in early
[296]
endocrine cell progenitors; Figure 4)
were reduced
[299]
in the duodenum of sporadic IBS patients
. It was
concluded that disturbance of the clonogenic and
differentiation activities of intestinal stem cells could
be responsible for the reduction of intestinal endocrine
[296]
cells observed in IBS patients .

Abnormal gastrointestinal endocrine cells

Gastrointestinal endocrine cells: The gastrointestinal
tract contains at least 15 different types of endocrine
cells that are spread among the epithelial cells of the
[14,78,170,247-250]
mucosa
. These cells, which constitute
about 1% of all epithelial cells in the gastrointestinal
[247,248,251-253]
tract
, have specialized sensors in the form
of microvilli that project into the lumen and respond
[101,254-265]
to luminal stimuli by releasing hormones
. The
distribution, functions, and modes of action of the most
important endocrine/paracrine cells are described in
[15,16,170]
detail elsewhere
. In brief, they secrete one or
more signaling substances into the lamina propria,
where these substances act directly on nearby
structures (autocrine/paracrine mode) and/or indirectly
via an endocrine mode of action (by circulating in the
[266]
blood to reach distant targets) . They regulate several
functions of the gastrointestinal tract such as sensation,
motility, secretion, absorption, local immune defense,
[1,166,170,247,248]
and food intake
. These cells interact and
integrate with each other and with the enteric nervous
system and the afferent and efferent nerve fibers of the
[1,166,170,267]
central nervous system
.
Abnormal endocrine cells have been found in both
sporadic IBS and PI-IBS patients. In sporadic IBS,
abnormal endocrine cells were found in the stomach,
proximal small intestine (duodenum), distal small
[111-113,167,171,268-276]
intestine (ileum), colon, and rectum
.
Although the densities of endocrine cell types can vary
(i.e., decrease or increase), the general trend of the
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Differentiation progeny
Secretory lineage:
goblet, endocrine and
Paneth cells

Stem cell

Absorptive lineage:
absorptive enterocytes

Renewal, clonogenic activity

Figure 2 The intestinal stem cell exerts 2 activities: clonogenic activity, where it produce a copy of itself to maintain the number of stem cells constant
in the crypts, and differentiation activity. The differentiation consists of 2 lineages: secretory lineage and absorptive lineage. Through a cascade of progenitors
the secretory lineage give rise to goblet, endocrine and Paneth cells and the absorptive lineage to absorptive enterocytes. In IBS patients, both clonogenic and
differentiation activities are abnormal.

A

B

20 mm

20 mm

Figure 3 Msi-1-immunoreactive cells in duodenum of subjects from the (A) control, and (B) irritable bowel syndrome patient.

A

B

20 mm

20 mm

Figure 4 NEUROG3-immunoreactive cells in (A) a healthy subject and (B) an irritable bowel syndrome patient.

be caused by a reduction in intestinal stem-cell selfrenewal and proliferation. Intestinal stem-cell selfrenewal (clonogeny) and proliferation are regulated
[287]
by several signaling pathways
. As demonstrated
in this review, heredity, diet, the intestinal microbiota,
and low-grade inflammation play a major role in the
pathophysiology of IBS. Changes in diet, intestinal
bacterial flora, and inflammation have been reported
[1,97,302]
to affect the density of endocrine cells in the gut
.

HYPOTHESIS
IBS patients exhibit visceral hypersensitivity, dis
turbed gastrointestinal motility, and abnormal gut
[297-301]
secretion
. The gastrointestinal endocrine cells,
as mentioned above, regulate several functions of the
gut including sensation, motility, and secretion. The
density of the intestinal endocrine cells is generally
reduced in sporadic IBS. This reduction appears to
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6
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7

Figure 5 Schematic drawing to illustrate the possible pathophysiology
of irritable bowel syndrome. Details are described in the text. IBS: Irritable
bowel syndrome.

8

9

It can be speculated that the factors that have been
shown to play a major role in the pathophysiology
of IBS will affect the signaling pathways for stemcell clonogenic renewal and proliferation, resulting in
abnormalities in the gastrointestinal endocrine cells
with the development of IBS symptoms (Figure 5).

10

CONCLUSION

11

There is compelling evidence that genetic factors,
diet, the intestinal microbiota, and mucosal low-grade
inflammation play a major role in the pathophysiology
of IBS. These factors are known to affect the gas
trointestinal endocrine cells, with the densities of
intestinal endocrine cells being reduced in IBS patients.
The abnormalities in the gastrointestinal endocrine
cells can explain the visceral hypersensitivity, disturbed
gastrointestinal motility, and abnormal gut secretion
observed in IBS patients.
The reduction in intestinal endocrine cells appears
to be caused by disturbance of the clonogenic and
differentiation activities of the intestinal stem cells. The
clonogeny and proliferation of intestinal stem cells are
regulated by several signaling pathways. It is possible
that genetic factors, diet, the intestinal microbiota,
and mucosal low-grade inflammation interfere with
the signals regulating the clonogenic and proliferation
activities of stem cells, resulting in a reduction in the
density of intestinal endocrine cells. This reduction
of intestinal endocrine cells can in turn result in the
development of IBS symptoms.
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EDITORIAL

Sarcopenia in the prognosis of cirrhosis: Going beyond the
MELD score
Hee Yeon Kim, Jeong Won Jang
disease. Conventional prognostic scoring systems,
including the Child-Turcotte-Pugh score or model for endstage liver diseases are widely used; however, revised
models have been introduced to improve prognostic
performance. Although sarcopenia is one of the most
common complications related to survival of patients with
cirrhosis, the newly proposed prognostic models lack a
nutritional status evaluation of patients. This is reflected
by the lack of an optimal index for sarcopenia in terms
of objectivity, reproducibility, practicality, and prognostic
performance, and of a consensus definition for sarcopenia
in patients with cirrhosis in whom ascites and edema may
interfere with body composition analysis. Quantifying
skeletal muscle mass using cross-sectional abdominal
imaging is a promising tool for assessing sarcopenia.
As radiological imaging provides direct visualization of
body composition, it is useful to evaluate sarcopenia
in patients with cirrhosis whose body mass index,
anthropometric measurements, or biochemical markers
are inaccurate on a nutritional assessment. Sarcopenia
defined by cross-sectional imaging-based muscular
assessment is prevalent and predicts mortality in patients
with cirrhosis. Sarcopenia alone or in combination with
conventional prognostic systems shows promise for a
cirrhosis prognosis. Including an objective assessment
of sarcopenia with conventional scores to optimize the
outcome prediction for patients with cirrhosis needs
further research.
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Core tip: Sarcopenia is one of the most common com
plications associated with survival in cirrhotic patients.
However, the lack of an objective and reliable method
to quantify muscle mass has limited the general
incorporation of sarcopenia into cirrhosis prognostic
scores. In this article, we highlight cross-sectional
imaging-based estimation of skeletal muscle mass for

Abstract
Estimating the prognosis of patients with cirrhosis remains
challenging, because the natural history of cirrhosis varies
according to the cause, presence of portal hypertension,
liver synthetic function, and the reversibility of underlying
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method combined with commonly used prognostic
systems has the potential to improve prognostication
of patients with cirrhosis; however, prospective
validation in large cohorts remains elusive. We discuss
the current prognostic models and investigate the
prevalence and prognostic value of sarcopenia in
patients with cirrhosis.

diagnosing sarcopenia and assessing the prognosis of
cirrhosis patients. In addition, we explore the possibility
of incorporating sarcopenia into conventional prognostic
scoring systems for better prognostication in cirrhosis
patients.
Kim HY, Jang JW. Sarcopenia in the prognosis of cirrhosis:
Going beyond the MELD score. World J Gastroenterol 2015;
21(25): 7637-7647 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7637.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7637

CONVENTIONAL PROGNOSTIC SYSTEMS
FOR LIVER CIRRHOSIS
Predicting prognosis is crucial in the management of
patients with cirrhosis. A number of prognostic models
have been derived and validated. The CTP and MELD
scores are the most widely used systems to predict
mortality in patients with cirrhosis. The CTP score was
originally designed to predict the outcome of patients
[13]
with cirrhosis during surgery
and was extended
for determining prognosis, treatment response, and
prioritizing patients for liver transplantation (LT) who
[14]
were on the waiting list . The MELD scoring system
was initially developed to predict early mortality in
patients with cirrhosis undergoing a transjugular
[15]
intrahepatic portosystemic shunt and is composed of
three objective parameters, including serum bilirubin,
the international normalized ratio of prothrombin time,
and serum creatinine. Subsequently, the MELD score
has been shown to be useful for predicting short-term
[16,17]
mortality in various patients with cirrhosis
. Since
2002, the MELD score has replaced the CTP score
for organ allocation in patients waiting for LT in the
United States, due to the advantage of including only
objective laboratory variables and its superior ability
to predict short-term outcomes compared to the CTP
[18]
score .
However, the MELD score also has some drawbacks,
including variability in laboratory parameters, mis
classification of some patients with a low MELD score,
[19]
and the lack of a nutritional status assessment .
Many researchers have tried to improve the prognostic
performance of the MELD score. Hyponatremia
accurately predicts short-term mortality independently
of the MELD score and is often associated with ascites,
[20-22]
hepatorenal syndrome, and liver-related mortality
.
Incorporating serum sodium into the MELD score,
known as MELD-Na, improves its predictive ability,
[22]
particularly for patients with a low MELD score . The
MELD-to-sodium ratio (MESO) index and the ReFit
MELD-Na have been proposed to optimize prognostic
scoring systems further. The MESO index provides
better predictive ability compared to the original
[23]
MELD score , and the ReFit MELD-Na shows better
performance for predicting short-term mortality in
patients waiting for LT compared to the original MELD
[24]
score and MELD-Na . In addition, hypoalbumine
mia negatively impacts waiting-list mortality after
adjusting for the MELD score, serum sodium, and
other covariates. A novel model including the MELD

INTRODUCTION
Cirrhosis is a consequence of chronic liver injury that
leads to necroinflammation, fibrosis, hepatocellular
dysfunction, and vascular remodeling. Although liver
transplantation is the only curative treatment for cirrhosis,
this option is not available for most patients. Therefore,
management is generally focused on preventing and
controlling complications. Complications including ascites,
variceal bleeding, hepatic encephalopathy, hepatorenal
syndrome, or hepatocellular carcinoma (HCC) are the
[1]
most widely recognized . Malnutrition is one of the
most frequent complications in patients with cirrhosis,
and it adversely affects other complications, quality of
[2]
life, survival, and outcome after liver transplantation .
Despite its high prevalence and important prognostic
role, muscle wasting or sarcopenia, which is a major
feature of malnutrition, has not been highlighted until
recently.
Conventional prognostic scores for patients with
cirrhosis, such as the Child-Turcotte-Pugh (CTP)
score or the model for end-stage liver diseases
(MELD) score, have limitations, including the lack of
a nutritional status evaluation. This may be caused
by the lack of a clear definition and the complexity of
a nutritional assessment in patients with cirrhosis and
[3-5]
fluid overload . Several tools have been introduced to
measure the nutritional status of patients with cirrhosis;
however, a lack of objectivity, reproducibility, and
[3]
prognostic performance limits their wide application .
Currently, muscular assessments using cross-sectional
imaging obtained by computed tomography (CT) or
magnetic resonance imaging (MRI) constitute objective
and reproducible methods for nutritional assessment
and detection of sarcopenia. Quantifying skeletal
muscle mass is not biased by edema or ascites, which
frequently presents in decompensated patients with
cirrhosis, and reflects a chronic decrease in overall
[6]
health rather than the acute severity of liver disease .
Several investigators have reported that sarcopenia
is highly prevalent and an independent prognostic
[7-11]
factor for mortality in patients with cirrhosis
.
Adding muscle wasting to the currently accepted
[12]
prognostic scores has shown promising results .
Therefore, sarcopenia quantified by an objective
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determining whole body weight and fat mass. Because
skeletal muscle mass accounts for about 50% of
lean body mass, measures of lean body or fat-free
mass indirectly estimate whole-body skeletal muscle
[35]
mass . A bioelectrical impedance analysis measures
the body’s resistance to the flow of alternating current,
and dual energy X-ray absorptiometry estimates body
composition using low-dose X-rays. Yet, there is a lack
of accuracy in these methods in the presence of fluid
retention, which is frequently encountered in patients
[34,36]
with cirrhosis
.
CT or MRI is the gold standard method to quantify
skeletal muscle mass. Muscle area determined from
a single-slice abdominal scan obtained by CT or MRI
is highly correlated with total-body skeletal muscle
[37]
quantified by whole-body multislice analysis . Single
abdominal CT or MRI cross-sectional images have
emerged as a novel way to objectively and reproducibly
assess nutritional status and detect muscle wasting in
patients with cirrhosis. Skeletal muscle area is quantified
using tissue-specific Hounsfield unit thresholds of -29 to
[38]
+150 . Quantifying psoas muscle or total abdominal
muscle areas on a single abdominal CT section at the L3
or L4 level is linearly associated with whole body muscle
[39]
mass and is a reliable, noninvasive marker of muscle
[8,11,40-45]
wasting in patients with cirrhosis
. Psoas muscle
thickness rather than cross-sectional area has also been
investigated to improve simplicity and applicability in
[7,9]
daily practice .
A radiological assessment of skeletal muscle mass
has several advantages over traditional methods
for patients with cirrhosis. First, it provides direct
visualization and measurements of tissue compartments
and is not biased by fluid retention that commonly
presents in patients with cirrhosis. Second, additional
scanning is not required to quantify body tissues,
because abdominal CT scans are routinely performed
to screen for HCC in patients with cirrhosis. Third,
it provides an accurate, objective, and reproducible
measure of skeletal muscle mass.

score and serum sodium and albumin, called the fivevariable MELD, improves the predictive performance of
short-term mortality among patients on the LT waiting
[25]
list .
Despite these efforts to modify the original MELD
scoring systems, little has been done to incorporate
nutritional status into conventional prognostic models.
This may be caused by the heterogeneity in the
definition of malnutrition and the complexity of a
nutritional assessment in patients with cirrhosis and
[3-5]
water retention or ascites . Adding an objective and
readily available marker of nutritional status to the
conventional prognostic scoring systems is a promising
target to further improve prognostication in patients
with cirrhosis.

NUTRITIONAL ASSESSMENT IN
PATIENTS WITH CIRRHOSIS
Numerous tools for nutritional assessment, for ex
ample, body mass index (BMI), anthropometric
measures, and subjective global assessment (SGA),
[26,27]
have been introduced
. However, the usefulness of
these methods is limited due to their subjectiveness
and the impact of body composition changes in
[28]
patients with cirrhosis and edema or ascites .
Standard laboratory tests have been used to estimate
nutritional status, including prothrombin time, albumin,
prealbumin, the creatinine height index, and transferrin.
Because these common nutritional status parameters
are confounded by cirrhosis, their utility in patients with
cirrhosis is limited. Serum albumin, prealbumin, and
transferrin levels decrease, and prothrombin time is
prolonged due to impaired hepatic synthetic function,
which results in an underestimation of nutritional status
[29]
in patients with cirrhosis . In addition, the creatinine
height index is not an accurate marker of malnutrition
due to frequently impaired kidney function in patients
[30]
with cirrhosis .
The interpretation of anthropometric measures is
also confusing, because they are influenced by ascites,
edema, and salt or diuretic intake in patients with
[31]
cirrhosis . The SGA scale assesses weight changes,
dietary intake, gastrointestinal symptoms, medical
diagnoses, and a physical examination. However, the
SGA underestimates nutritional status in patients with
[26]
cirrhosis .
Body composition (i.e., body fat mass and lean
mass) is essential to estimate nutritional status.
Several indirect methods have been used to measure
body composition in patients with cirrhosis, inclu
ding total-body electrical conductivity, bioelectrical
impedance, dual energy X-ray absorptiometry, air
displacement plethysmography, and magnetic reso
[32-34]
nance spectroscopy
. These tools work on the
basis of the two-compartment model composed of
body fat mass and fat-free mass. Nonfat or lean
mass is estimated from the weight remaining after
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DEFINITION OF SARCOPENIA
Sarcopenia is generally defined as a reduction in muscle
mass two standard deviations below the healthy young
[46]
adult mean . Sarcopenia is traditionally associated
with aging; however, it can occur earlier in patients with
[47]
malignancy and chronic disease . Despite the recent
consensus statement of the European Working Group
on Sarcopenia in Older People that recommends taking
into account both low muscle mass and low muscle
function (strength or performance) for the diagnosis
[48]
of sarcopenia , the use of muscle mass vs function
to define sarcopenia remains controversial. Moreover,
muscle mass alone has been widely used to define
sarcopenia and is associated with prognosis in patients
[49]
with various conditions . As CT or MRI imaging is
the gold standard tool to quantify skeletal muscle
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Table 1 Definition and prevalence of sarcopenia in cirrhosis
n

Men, n (%)

Unit of
measure

Cutoffs for sarcopenia

Prevalence

Cruz et al[60]

234

157 (67)

338

223 (66)

Men: ≤ 52.4 cm2/m2
Women: ≤ 38.5 cm2/m2
Men: ≤ 52.4 cm2/m2
Women: ≤ 38.5 cm2/m2

70% (men 76%)

DiMartini et al[40]

L3-4 SMI
(cm2/m2)
L3-4 SMI
(cm2/m2)

Hanai et al[8]

130

76 (58)

L3 SMI
(cm2/m2)

Men: ≤ 52.4 cm2/m2
Women: ≤ 38.5 cm2/m2

68% (men 82%,
women 50%)

Meza-Junco et al[43]

116

98 (84)

L3 SMI
(cm2/m2)

Montano-loza et al[10]

112

78 (70)

L3 SMI
(cm2/m2)

Montano-loza et al[45]

248

169 (68)

L3 SMI
(cm2/m2)

Tandon et al[11]

142

85 (60)

L3 SMI
(cm2/m2)

Ref.

Men
30% (men 31%,
BMI ≥ 25 kg/m2: ≤ 53 cm2/m2 women 28%)
BMI < 25 kg/m2: ≤ 43 cm2/m2
Women: ≤ 41 cm2/m2
Men: ≤ 52.4 cm2/m2
40% (men 50%,
Women: ≤ 38.5 cm2/m2
women 18%)
Men
45% (men 52%,
BMI ≥ 25 kg/m2: ≤ 53 cm2/m2 women 30%)
BMI < 25 kg/m2: ≤ 43 cm2/m2
Women: ≤ 41 cm2/m2

Men: ≤ 52.4 cm2/m2
Women: ≤ 38.5 cm2/m2

mass, skeletal muscle mass calculated from abdominal
cross-sectional images is a great resource to define
sarcopenia.
Recent studies investigating sarcopenia in patients
with cirrhosis utilized cross-sectional muscle area
2
2
normalized for stature (cm /m ), called the L3 skeletal
[8,10,11,40]
muscle index (SMI). In most studies
, the L3 SMI
cutoffs for defining sarcopenia were chosen based on a
[50]
sarcopenia study of patients with cancer (L3 SMI: ≤
2
2
2
2
38.5 cm /m for women and ≤ 52.4 cm /m for men).
[43,45]
More recent studies
have adopted sarcopenia
cutoffs based on a study that optimally stratified
[51]
2
2
patients with solid tumors (L3 SMI: ≤ 41 cm /m for
2
2
women and ≤ 53 cm /m for men with a BMI ≥ 25 kg/
2
2
2
2
m and ≤ 43cm /m for patients with BMI < 25 kg/m )
(Table 1). In addition, new sarcopenia cutoff values for
patients with cirrhosis have been reported (L3 SMI: ≤
2
2
2
2
[52]
42 cm /m for women and ≤ 50 cm /m for men)
and are similar to those of cancer patients.

41% (men 54%,
women 21%)

80% prevalence in alcoholic liver disease vs
31%-71% in other diseases
80% prevalence in normal-weight vs 62% in
obese
In the multivariate analysis, only the male
gender [OR (95%CI) = 5.65 (1.43-24.23),
P = 0.01] and BMI [0.77 (0.66-0.87), P < 0.0001]
were independent predictors of sarcopenia
Age was older (61 ± 1 yr vs 57 ± 1 yr, P = 0.001),
and the INR was higher (1.4 ± 0.08 vs
1.2 ± 0.03, P = 0.01) in sarcopenic patients
than nonsarcopenic patients
Sarcopenia was more frequent in men (50% vs
18%, P < 0.001) and patients with a low BMI
(26 ± 0.7 kg/m2 vs 29 ± 0.8 kg/m2, P = 0.003)
Sarcopenia was more common in men
(P = 0.002), patients with ascites (P = 0.02),
patients with low BMI (P < 0.001), and
patients with higher bilirubin levels (P = 0.05),
creatinine levels (P = 0.02), INR ( P = 0.04),
CTP scores
(P = 0.002), and MELD scores (P = 0.002)
In a multivariate logistic regression analysis,
male sex [OR (95%CI) = 5.91 (2.38-14.6)], CTP
class C [vs CTP class A: 15.4 (1.44-165.7)], and
a BMI [0.82 (0.74-0.90)] were independent
predictors of sarcopenia

(Figure 1).
Inadequate dietary intake is common in patients
with cirrhosis. Nausea and early satiety secondary to
ascites, delayed gastric emptying, impaired gut motility,
and small intestinal bacterial overgrowth contribute to
[53]
poor intake . Loss of appetite related to upregulation
[54,55]
of tumor necrosis factor-α and leptin
and altered
[56]
taste sensation associated with zinc deficiency
also contribute to decreased dietary intake. Dietary
restriction, such as sodium restriction, decreased protein
intake, and iatrogenic fasting during hospitalization
can aggravate poor oral intake. Additionally, poor and
irregular feeding is common in cirrhotic patients with
active alcoholism, and might be aggravated by low
[57]
socioeconomic status .
Because cirrhotic liver tissue exhibits impaired
synthesis and storage of glycogen, relatively short
periods of fasting in patients with cirrhosis result
in the breakdown of fat and muscle and promote
[58]
gluconeogenesis from non-carbohydrate sources .
Unless dietary protein intake is sufficient, this can lead
to muscle wasting. About 15%-30% of cirrhotic patients
are hypermetabolic. The cause of hypermetabolism is
unclear; activation of the sympathetic nervous system
through hyperdynamic circulation, intestinal bacterial
translocation, or systemic inflammation may partially
explain the underlying mechanism of hypermetabolism
in cirrhosis. Increased energy expenditure in cirrhotic

PATHOGENESIS OF SARCOPENIA IN
CIRRHOSIS
The pathogenesis of sarcopenia in cirrhosis is multi
factorial and not fully understood. The mechanisms
that contribute to sarcopenia include inadequate dietary
intake, metabolic disturbances, and malabsorption
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Sarcopenia in cirrhosis

Inadequate dietary intake

Nausea and early satiety
Ascites
Delayed gastric emptying
Impaired gut motility
Small intestinal bacterial overgrowth

Metabolic disturbances

Malabsorption

Increased rates of gluconeogenesis
Reduced storage of glycogen
Breakdown of fat and muscle

Chronic pancreatitis
Secondary to alcohol abuse

Loss of appetite
Up-regulation of TNF-α , leptin
Taste alteration
Zinc deficiency

Dietary restriction
Sodium restriction
Limitation of protein intake for
severe hepatic encephalopathy
Iatrogenic fasting

Portosystemic shunting

Hypermetabolic state
Increased sympathetic nervous system activity
Hyperdynamic circulation
Gastrointestinal bacterial translocation
Systemic inflammation in cirrhosis
Sepsis

Intraluminal bile acid deficiency
Result from decreased capacity for
bile production and portosystemic
shunting

Small intestinal bacterial
overgrowth

Active alcoholism
Poor and irregular feeding
Low socioeconomic status

Figure 1 Pathogenesis of sarcopenia in cirrhosis.

patients accelerates the degradation of protein, which
[5]
may be aggravated by sepsis .
Malabsorption of nutrients in cirrhotic patients is
caused by portosystemic shunting, chronic pancreatitis
secondary to alcohol abuse, intraluminal bile salt
deficiency in cholestasis, and overgrowth of bacteria in
[59]
the small intestine .

CLINICAL IMPACT OF SARCOPENIA
Effect of sarcopenia on survival in patients with
cirrhosis

The survival rates of patients with cirrhosis are
significantly lower in those with sarcopenia than in those
without (Table 2). The median survival is 19 ± 6 mo in
patients with sarcopenia, compared to 34 ± 11 mo in
[10]
patients without sarcopenia (log-rank, P = 0.005) .
Another study evaluating patients with concurrent
cirrhosis and HCC reported a median survival of 16 ± 6
mo for patients with sarcopenia compared to 28 ± 3 mo
[43]
for those without sarcopenia (log-rank, P = 0.003) .
The 1-year probability of survival in patients with
sarcopenia is significantly lower than that in patients
[8]
without sarcopenia (85% vs 97%, P= 0.01 ; 52% vs
[43]
[10]
82%, P = 0.003 ; 53% vs 83%, P = 0.005 ; 63%
[11]
vs 79%, P = 0.04 ).

PREVALENCE AND PREDICTORS OF
SARCOPENIA IN CIRRHOSIS
Cross-sectional imaging studies have reported that the
prevalence of sarcopenia is 30%-70% among patients
with cirrhosis (Table 1). This wide range is partly
explained by the lack of an operational definition for
sarcopenia in patients with cirrhosis, patient baseline
characteristics, and diversity in the cause and severity
[8,10,11,40,43,45,60]
of liver disease among studies
.
Sarcopenia is more frequent in men than in wo
[8,10,11,45]
[8,10,11,40,45]
men
and in patients with a low BMI
. The
proportion of patients with sarcopenia is higher in those
with alcoholic liver disease (80%) compared to other
[40]
diseases (31%-71%) . In some reports, CTP or MELD
[11,45]
scores were predictors of sarcopenia
, whereas others
found that sarcopenia was not correlated with the degree
of liver dysfunction assessed by conventional scoring
[8,10,43]
systems (CTP or MELD score)
.
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Causes of mortality in patients with sarcopenia and
cirrhosis

The lower survival rate in cirrhotic patients with sar
copenia is thought to be related to a higher proportion
of sepsis-related deaths. The sepsis-related mortality
rates in patients with and without sarcopenia patients are
[10]
22% and 8%, respectively (P = 0.02) . As previously
reported, the risk of infection is higher in elderly patients
[61]
with sarcopenia than in those without ; therefore,
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Table 2 Clinical impact of sarcopenia on mortality in cirrhosis patients
n

Ref.

Unit of
measure

Durand et al[7]

562 TPMT/height,
mm/m

Hanai et al[8]

130

SMI,
cm2/m2

65

PMTH, mm/
m

Meza-Junco et al[43]

116

SMI, cm2/m2

Montano-Loza et al[10]

112

SMI, cm2/m2

Tandon et al[11]

142

SMI, cm2/m2

Kim et al[9]

Level of
measure

Factors associated with
survival (HR, 95%CI)

Survival among sarcopenic and
nonsarcopenic patients

MELD score (1.2, 1.14-1.27)
TPMT/height (0.86, 0.78-0.94)
in MELD-era cohort
L3 vertebrae CTP class B (2.39, 1.07-5.95) The 1-, 3-, and 5-yr survival rates
CTP class C (5.49, 2.11-15.12) in patients with sarcopenia and
BCAA (0.38, 0.19-0.79)
nonsarcopenia were 85% and 97%,
Sarcopenia (3.03, 1.42-6.94)
63% and 79%, and 53% and 79%,
respectively (P = 0.01)
L4 vertebrae
PMTH (0.81, 0.68-0.97)
The median survival was 16
(95%CI: 7-26) mo in patients with
PMTH ≤ 14 mm/m
The 1- and 2-yr mortality rates in
patients with PMTH ≤ 14 mm/m
and PMTH > 14 mm/m were
41.6% and 2.6%, and 66.8% and
15.2%, respectively (P < 0.001)
L3 vertebrae
Serum Na (0.89, 0.81-0.98)
The median survival was
MELD (1.06, 1.01-1.12)
16 ± 6 mo vs 28 ± 3 mo in
CTP (2.39, 1.43-4.01)
sarcopenic patients compared to
TNM stage (2.03, 1.45-2.84)
nonsarcopenic (P = 0.003)
Sarcopenia (2.20, 1.21-4.02) The 6-mo, and 1-yr survival rates
in patients with sarcopenia and
nonsarcopenia were 67% and 90%,
and 52% and 82%, respectively
L3 vertebrae
CTP (1.85, 1.02-3.36)
Median survival was 19 ± 6 mo vs
MELD (1.08, 1.03-1.14)
34 ± 11 mo in sarcopenia patients
Sarcopenia (2.21, 1.23-3.95)
compared to nonsarcopenic
patients (P = 0.005)
The 6-mo and 1-yr survival rates
in patients with sarcopenia and
nonsarcopenia were 71% and 90%,
and 53% and 83%, respectively
L3 vertebrae
Age (1.06, 1.01-1.10)
The 1-, 2-, and 3-yr survival rates
MELD (1.13, 1.09-1.19)
in patients with sarcopenia and
Sarcopenia (2.36, 1.23-4.53) nonsarcopenia were 63% and 79%,
51% and 74%, and 51% and 70%,
respectively (P = 0.04)

Cause of death

umbilicus

No significant difference
was seen in cause of
death between patients
with and without
sarcopenia

No significant difference
was seen in the
frequency of sepsisrelated death between
patients with and
without sarcopenia
(12% vs 4%, P = 0.2)
The rate of sepsisrelated death was
significantly higher in
sarcopenic patients than
nonsarcopenic patients
(22% vs 8%, P = 0.02)

Rates of sepsis-related
death: 47% in sarcopenic
patients vs 31% in
nonsarcopenic patients
(P = 0.48)

BCAA: Branched chain amino acid; PMTH: Psoas muscle thickness by height.

sarcopenia, which reflects impaired immunity, may
increase the risk for severe infections in patients with
[62]
cirrhosis . However, other studies have reported no
difference in the frequency of sepsis-related death
[8,11,43]
between patients with and without sarcopenia
(Table 2). Because sarcopenia affects immunity and
[63]
physiological function , sepsis is considered one of
the leading causes of death in sarcopenic cirrhosis
patients. However, the pathophysiological mechanism
linking sarcopenia and mortality in cirrhosis is unproven.
Conflicting results on causes of death call for further
research regarding the pathogenic mechanism of
sarcopenia in the prognosis of cirrhosis.

was significantly associated with post-transplantation
[60]
[40]
survival (HR = 0.97, P = 0.014) . DiMartini et al
demonstrated that muscle mass is a significant predictor
of survival in men (HR = 0.95, P = 0.01), but not in
[41]
women (HR = 0.98, P= 0.55). Englesbe et al showed
that the risk of post-transplantation mortality increases
as the psoas muscle cross-sectional area decreases
2
(HR = 3.7/1000 mm decrease in psoas area; P <
0.0001). It has also been reported that sarcopenia is
an independent prognostic factor for post-transplant
[64]
mortality (HR = 2.06, P = 0.047) . However, other
studies have reported that sarcopenia is not associated
[7,45]
with increased mortality after LT
. Some differences
in the units of measure and definitions of sarcopenia
used may partly explain dissimilarities between the
results of these studies. Further prospective studies are
needed to identify the association between sarcopenia
and post-transplantation survival.

Post-transplantation survival

Several investigators have reported that muscle mass
is significantly associated with post-transplantation
mortality (Table 3). In an exploratory analysis, the SMI
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Table 3 Impact of pretransplant sarcopenia on outcomes after liver transplantation
n

Unit of
measure

Level of
measure

Impact on the post-transplant
survival

Cruz et al[60]

234

SMI,
cm2/m2

L3-4

DiMartini et al[40]

338

SMI, cm2/m2

L3-4

SMI was significantly
associated with survival posttransplantation (HR, 95%CI:
0.97, 0.94-0.99); P = 0.014)
Muscle mass was a significant
predictor of survival only in
men (HR = 0.95, P = 0.01)

Durand et al[7]

562 TPMT/height, umbilicus MELD-psoas score was not an
mm/m
independent prognostic factor
for post-transplant mortality
in pre-MELD and MELD-era
cohorts
163
TPA, mm2
L4
The risk of post-transplantation
mortality increased as psoas
area decreased (HR = 3.7/1000
mm2 decrease in psoas area; P
< 0.0001)
207
TPA, mm2
L4
Pretransplant TPA (HR = 0.38, P
< 0.01) was an independent risk
factor for developing a serious
posttransplant infection
204
Area of the
L3
Sarcopenia was an
The rate of postoperative sepsis
psoas muscle,
independent prognostic factor was higher in sarcopenic patients
cm2
for posttransplant mortality
than in nonsarcopenic patients
(HR = 2.06, P = 0.047)
(17.7% vs 7.4%, P = 0.03)
248 SMI, cm2/m2
L3
L3 SMI and the presence of
Bacterial infections within
Sarcopenic patients had
sarcopenia were not associated
the first 90 d after liver
longer hospital stays
with increased mortality after
transplantation were more
(40 ± 4 d vs 25 ± 3 d,
liver transplantation
common in sarcopenic patients P = 0.005) and longer ICU
than in nonsarcopenic patients
stays (12 ± 2 d vs
(26% vs 15%, P = 0.04)
6 ± 1 d, P = 0.001) after
liver transplantation than
nonsarcopenic patients

Ref.

Englesbe et al[41]

Krell et al[42]

Masuda et al[64]

Montano-Loza et al[45]

Impact on the post-transplant
infection

Impact on the length
of post-transplant
hospitalization

Muscle mass predicted
ICU stay, total length
of stay, and days of
intubation

ICU: Intensive care unit.

Other post-transplantation outcomes

[7-11,43]

cirrhosis
.
The c-statistics for the L3 SMI for predicting 3- and
6-mo mortality are 0.64 (0.46-0.83; P = 0.1) and 0.67
[43]
(0.54-0.81; P = 0.02), respectively . The c-statistics
for the L3 SMI was also significant for predicting 6-mo
mortality (0.67, 0.55-0.79; P = 0.02) but not 3-mo
[10]
mortality (0.61, 0.47-0.75; P = 0.2) . The predictive
ability of sarcopenia alone was inferior to that of the
[10,43]
MELD or CTP score
.
Considering that the MELD lacks a nutritional
assessment and the inferior predictive performance
of sarcopenia alone, recent studies have investi
gated whether modifying the MELD score to include
sarcopenia could improve mortality prediction in
patients with cirrhosis.The discriminating ability of
transverse psoas muscle thickness (TPMT)/height is
inferior to that of the MELD score [overall C index
(95%CI); 0.67 (0.47-0.82) for TPMT/height, 0.80
(0.60-0.91) for MELD score in a MELD-era cohort].
However, the overall C index (0.82; 95%CI: 0.64-0.93)
of the MELD-psoas score, which combines MELD and
TPMT/height, is superior to that of the MELD score

The frequency of post-transplantation infection is
higher in patients with sarcopenia than in those
[64]
without (17.7% vs 7.4%, P = 0.03 ; 26% vs 15%, P
[45]
[42]
= 0.04 ). Krell et al
also showed that as the total
psoas area (TPA) decreases, the risk of developing
infection increases [odds ratio for tertile 1 vs tertile
3, 4.6; 95%CI: 2.25-9.53]. Moreover, patients with
sarcopenia have longer hospital and intensive care unit
stays after LT compared to those of patients without
[40,45]
sarcopenia
(Table 3).

PROGNOSTIC IMPLICATIONS FOR
PATIENTS WITH SARCOPENIA AND
CIRRHOSIS
As described previously, a growing body of literature
has emphasized the negative impact of sarcopenia
assessed by imaging on the outcome of patients with
cirrhosis. Sarcopenia or a measure of muscle mass is
an independent predictor of survival for patients with
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(0.80; 95%CI: 0.60-0.91) and was similar to that of
the MELD-Na score (0.82; 95%CI: 0.63-0.93) in the
[7]
MELD-era cohort . Another study showed that a novel
MELD-sarcopenia score, derived from estimated values
given by a Cox model including the MELD score and
L3 SMI, is associated with a modest improvement for
predicting mortality in patients with cirrhosis [c-statistic
(95%CI) for 3-mo mortality was 0.68 (0.60-0.76) for
[65]
MELD and 0.72 (0.65-0.79) for MELD-sarcopenia] .
The presence of sarcopenia was an independent
predictor of mortality in patients with low MELD scores
(< 15; log-rank, P = 0.02) but not in patients with
[11]
higher MELD scores (≥ 15, P = 0.59) . Another
study also demonstrated that low TPMT/height is
associated with increasing mortality among patients
with refractory ascites and a MELD score ≤ 25, but
[7]
not in patients without refractory ascites . Therefore,
sarcopenia may be useful for risk stratifying in patients
with low MELD scores.
Sarcopenia is an attractive prognostic factor to
reduce waiting-list mortality and improve organ
allocation in addition to conventional scores, because
the CTP and MELD scores mainly reflect liver function
but not nutritional status. However, prospective studies
that include a large number of patients with cirrhosis
are needed prior to the widespread use of sarcopenia
alone or in combination with the MELD score as a
prognostic factor.

The L3 vertebra level has been commonly used
to calculate the cross-sectional area or psoas muscle
[8,10,11,43,45,64]
thickness on CT scans
based on the finding
that cross-sectional muscle area measured at the L3
level best correlates with whole-body muscle mass
[37]
in patients with or without malignancy . However,
others have measured cross-sectional muscle area
[9,41,42]
or psoas muscle thickness at the level of L4
,
[40,60]
[7]
L3-4
, or the umbilicus . Although the umbilicus
level is easily recognized on an abdominal CT scan, it
may vary in patients with massive ascites. In contrast,
the sacralization of the L4 vertebrae, lumbarization of
the S1 vertebrae, and prominent lordosis in patients
with refractory ascites may cause errors when
[7]
identifying the vertebral level . Thus, the best muscle
measurement method that readily reflects whole-body
skeletal muscle needs to be determined.

Cutoff values for sarcopenia measured by crosssectional imaging

As predefined sarcopenia cutoff values are lacking for
[8,10,11,40]
patients with cirrhosis, most studies
defined
sarcopenia using the L3 SMI sex-specific cutoff values
[50]
from a previous study . These values (L3 SMI: ≤ 38.5
2
2
2
2
cm /m for women and ≤ 52.4 cm /m for men) are
derived from a sarcopenia study that stratified mortality
in cancer patients; therefore, it may not be optimal for
prognostication of patients with cirrhosis. More recent
[43,45]
studies
adopted sex- and BMI-specific cutoff values
2
2
for sarcopenia (L3 SMI: ≤ 41 cm /m for women and
2
2
2
≤ 53 cm /m for men with a BMI ≥ 25 kg/m and ≤
2
2
2 [51]
43 cm /m for patients with a BMI < 25 kg/m ) .
A preliminary report that included 350 patients with
cirrhosis established new sarcopenia cutoff values for
2
2
patients with cirrhosis (L3 SMI: ≤ 42 cm /m for women
2
2
[52]
and ≤ 50 cm /m for men) .

CHALLENGES IN CLINICAL
APPLICATIONS
Standardizing muscularity assessment

Many studies that investigated the prevalence and
impact of sarcopenia on waiting-list mortality or posttransplantation outcomes used muscle cross-sectional
area on a single abdominal CT scan as the assessment
of muscularity in patients with cirrhosis. Crosssectional areas of surrounding muscles (i.e., psoas,
erector spinae, quadrates lumborum, transverses
abdominis, external and internal obliques, and rectus
abdominis) in the L3 or L3-4 regions have been
quantified using specific computer software and tissue[8,10,11,40,43,45,60]
specific Hounsfield unit thresholds
.Other
investigators have used TPA measured by outlining
the borders of both psoas muscles and computed
[41,42,64]
the cross-sectional area of the psoas muscles
.
Measuring psoas muscle mass on a CT scan is easy
and accessible. However, total psoas muscle area
is only part of the total skeletal muscle mass, and
TPA has not been validated as a predictor of total
body mass. In contrast, L3 SMI has been shown
[37]
to be correlated with whole-body muscle mass .
Because muscularity assessment based on the muscle
cross-sectional area is complex and requires specific
software, evaluations of the psoas muscle thickness
were introduced and have been found to be associated
[7,9]
with waiting-list and post-transplant mortality .
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Muscle function

It may be insufficient to define sarcopenia based
only on skeletal muscle mass. Although using muscle
[48]
function together with muscle mass is controversial ,
the nonlinear relationship between muscle strength
and mass provides a basis for adopting both criteria to
[66]
define sarcopenia .

Sex-specific sarcopenia differences

The prevalence of sarcopenia is higher in men than in
[8,10,11,40,45,60]
women
. In addition, results regarding the
impact of muscle mass on survival or other clinical
[40]
outcomes differ between men and women . Similarly,
skeletal muscle mass predicts 3- and 6-mo survival in
[10]
men with cirrhosis waiting for LT but not in women .
Women have more abundant fat stores and
more preferentially utilize fat stores compared to
[67]
skeletal muscle stores . Therefore, fat reserves
are more depleted in women, whereas men have a
[68]
more depleted skeletal muscle mass . Moreover,
sex hormone differences may play a role in the way
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[69]

skeletal muscle is turned over . These factors may
explain the sex-specific differences in the prevalence
and pathophysiology of sarcopenia in patients with
cirrhosis. These differences may influence the use
of sarcopenia to assess nutritional status and on the
utility of a sarcopenia-based prognostic score.
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Esophageal squamous cell carcinoma continues to
heavily burden clinicians worldwide. Researchers have
discovered the genomic landscape of esophageal
squamous cell carcinoma, which holds promise for an
era of personalized oncology care. One of the most
pressing problems facing this issue is to improve the
understanding of the newly available genomic data,
and identify the driver-gene mutations, pathways, and
networks. The emergence of a legion of novel targeted
agents has generated much hope and hype regarding
more potent treatment regimens, but the accuracy of
drug selection is still arguable. Other problems, such
as cancer heterogeneity, drug resistance, exceptional
responders, and side effects, have to be surmounted.
Evolving topics in personalized oncology, such as
interpretation of genomics data, issues in targeted
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Fbxw7, MLL2/3, Pik3ca, Pten, Arid2, Pbrm1, etc; (2)
copy number alterations of many genes with a relatively
significant frequency (≥ 5%), such as CCND1, FGFs,
CDKN2A, CDKN2B, Pik3ca, Dvl3, LRP5/6, KRas/MRas,
EGFR, Akt1, Bcl2l1, Notch1/2/3, E2F1, SFRP4, SOS1/2,
Birc5, Yap1, Sox2, Myc, IL7R, etc; and (3) alterations
in multiple signaling pathways, such as cell cycle
regulation, apoptosis regulation, DNA damage control,
histone modifications, as well as RTK-Ras-MAPK-PI3KAkt, Hippo, Notch, Wnt, and Nfe2l2/Keap1 pathways.
The overall mutation pattern appears similar to that
[10,11]
of head and neck squamous cell carcinoma
, but
[12,13]
different from that of esophageal adenocarcinoma
[14]
and lung squamous cell carcinoma .
In addition to these descriptive data, smoking was
[7]
not found to be related with signature mutations , but
the lack of alcohol consumption was associated with a
[9]
cluster of gene mutations . Viral integration was not
[9]
found in the genomes of 88 subjects . Trinucleotide
signature analysis suggested DNA cytidine deami
nase (APOBEC3B)-induced deamination was mainly
[8,15]
responsible for mutations
. Moreover, mutations
of single genes or gene clusters were associated with
[7,9]
patient survival, for example, EP300 mutation .
Certain genes, for example, XPO1, were explored as a
[8]
therapeutic target .
These landmark studies provided the research
community with an enormous amount of information
to better understand the molecular mechanisms of
ESCC. This editorial is aimed to gain insights from
such studies, and propose personalized and targeted
therapy as a research direction in the future.

therapy, research approaches for targeted therapy, and
future perspectives, will be discussed in this editorial.
Key words: Cancer heterogeneity; Cultured tumor
cells; Driver mutation; Drug side effects; Esophageal
squamous cell carcinoma; Exceptional responder; Highthroughput nucleotide sequencing; Neoplasm drug
resistance; Personalized medicine; Xenograft model
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophageal squamous cell carcinoma re
presents a heavy burden on clinicians worldwide.
Recently, researchers have discovered the genomic
landscape of this cancer, which holds promise for an
era of personalized oncology care. Evolving topics
in personalized oncology, such as interpretation of
genomics data, critical issues in targeted therapy,
research approaches, and future perspectives, are
discussed in this editorial.
Kang X, Chen K, Li Y, Li J, D’Amico TA, Chen X. Personalized
targeted therapy for esophageal squamous cell carcinoma. World
J Gastroenterol 2015; 21(25): 7648-7658 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i25/7648.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i25.7648

INTRODUCTION
Esophageal cancer is the eighth most common cause
[1]
of cancer-related death worldwide . Esophageal
squamous cell carcinoma (ESCC) remains the pre
dominant histology. Surgery is still the mainstay of
treatment throughout the world, and an up to 50%
five-year survival rate and < 5% surgical mortality
[2]
rate can be achieved in select Asian centers . Not
withstanding, multimodal treatment may achieve
a better outcome, as overall survival improves mo
[3]
destly . Most patients with localized disease will
develop metastatic disease, with a minimal effects
[4]
from combination chemotherapy . After disease
progression on first-line chemotherapy, there is no
[5]
standard second-line treatment . The unsatisfactory
outcome in ESCC is mainly due to late diagnosis, the
aggressiveness of this cancer, and lack of effective
[6]
treatment strategies .
Recently, tremendous progress has been made in
cancer genomics and epigenomics with the advent of
high-throughput techniques, such as next-generation
sequencing. Three groups have reported the genetic
landscape of human ESCC with whole genome
[7-9]
sequencing and whole exome sequencing . Genomic
alterations include: (1) single nucleotide variants of
many genes with a relatively significant frequency (≥
5%), such as p53, KMT2D, Notch1/2/3, FAT1/3, Syne1,
EP300, Rb1, Nfe2l2, Cdkn2a, Ajuba, Crebbp, Kdm6A,

WJG|www.wjgnet.com

INTERPRETATION OF GENOMICS DATA
Driver genes and mutations

Currently available bioinformatics tools have been
designed to prioritize gene mutations at the nucleotide,
gene, pathway, and network levels. The number
of nonsynonymous somatic mutations per ESCC
averaged > 80. If a solid tumor ordinarily requires
5-8 hits (not necessarily 5-8 mutations) as suggested
by classical epidemiologic studies, most of these
mutations should be “passengers” instead of “drivers”,
which can offer selective growth advantage to the
[16]
tumor cell . Therefore, it is critical to identify which
gene mutations are cancer drivers.
As driver mutations may occur at high or low
[17]
frequencies , it may not be safe to prioritize driver
mutations according to their frequencies. However,
as a clinically relevant parameter, a high frequency
of a mutation does support its potential significance
in carcinogenesis. In addition to mutated drivers,
Epi-drivers are a class of driver genes that are not
frequently mutated but aberrantly expressed in tumors
through epigenetic alterations in DNA methylation
or chromatin modification. Although epigenetics in
[18,19]
ESCC has been studied for many years
, it is still
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[35]

not clear how to differentiate epigenetic alterations
that bring forth a selective growth advantage from
[16]
[16]
those that do not . According to Vogelstein et al ’s
20/20 rule, only 125 mutated-driver genes of human
cancers have been discovered to date, and the number
[20]
is nearing saturation. Tamborero et al
reported
a list of 291 high-confidence cancer-driver genes
and 144 candidate genes from 12 different types of
cancer. Several databases have become available. For
example, Network of Cancer Genes (NCG 4.0) contains
537 experimentally supported genes and 1463
[21]
candidate genes inferred using statistical methods .
The Candidate Cancer Gene Database contains cancer[22]
driver genes from forward genetic screens in mice .
Considering tissue specificity of ESCC, there is a need
to compile a cancer-driver gene list to support future
research on ESCC therapy. However, it should be
pointed out that cancer-driver genes may contain both
driver mutations and passenger mutations in cancer.
For example, APC mutations truncating the N-terminal
amino acids are driver mutations, while those affecting
other regions are passenger mutations. Even for
the same driver gene (e.g., K-Ras), different driver
mutations (e.g., mutations at codons 12, 13, and 61)
have different impacts on carcinogenesis and clinical
[23-25]
behaviors
. Because of these complexities, efforts
need to be made in order to identify personalized
[26]
driver genes in cancer .

cells . Identifying bona fide target genes and using
expression profiles of these genes to infer pathway
[36]
activity in ESCC will be critical in the future .
Few bioinformatics methods involve a procedure for
taking account of pathway interactions, i.e., pathways
that are mutated in the same sample, and that are
[8]
mutated together across a large subset of samples .
Similar to expression-based stratification, networkbased stratification of tumor mutations can identify
[37]
cancer subtypes to guide treatment and prognosis .
Categorizing ESCC into multiple subtypes according
to its molecular alterations may be a practical step
leading to final personalization of ESCC therapy. In
fact, subtyping has been shown to be a successful
[38]
approach in managing other cancers .

Drug selection

Selecting drugs according to genomics data has led to
promising results in early studies on personalized and
[39]
targeted therapy . To date, most clinically approved
targeted drugs are directed against kinases. Some
of these have been utilized against ESCC (Table 1).
Gefitinib, an epidermal growth factor receptor inhibitor,
has been tested as a second-line treatment for eso
phageal cancer. In unselected patients it does not
improve overall survival, but has palliative benefits in a
subgroup of difficult-to-treat patients with a short-life
[40]
expectancy . Unfortunately, only a few cancer drivers
have enzymatic activities that are targetable in this
fashion, and whether a target is druggable becomes
[41]
a research question . Once a drug target is verified,
drugs or experimental compounds may be developed.
Several databases are available for search, including the
[42]
[43]
Therapeutic Target Database and DrugBank 4.0 .
If the target is not druggable, its regulatory proteins
or functional pathway may be targeted. For example,
cyclin D1 amplification is commonly seen in human
ESCC. As cyclin D1 mainly functions through CDK
activation, CDK4 and CDK6 can be targeted instead
[44]
of cyclin D1 . TP53, which encodes p53, is the most
commonly mutated gene in human ESCC. Instead
of targeting TP53, many strategies have been tested
to restore the functions of p53 by delivering wildtype
TP53, targeting the MDM2-p53 interaction, restoring
the functions of mutant p53, targeting p53 family
[45,46]
proteins, or eliminating the mutation in p53
.
In addition to selecting drugs for targeted therapy,
analysis of drug-metabolism genes in germ-line DNA can
[47,48]
also optimize dosing and identify drug toxicity risk
.
With the help of a database, such as Pharmacogenetics
and Pharmacogenomics Knowledge Base, genetic
[49]
variations can be associated with drug response .

Pathways and network

Increasing evidence suggests that dysregulation
of cellular signaling pathways, rather than indivi
dual mutations, contributes to the pathogenesis of
[27-29]
ESCC
. Driver genes usually do not work in isolation,
[30]
but often function together to alter cellular processes .
There is a growing consensus that pathways rather than
[31]
single genes are the primary target of mutations . It
is interesting that mutations in various components of a
[32]
single pathway tend to be mutually exclusive . Once
driver genes or driver mutations are identified, the next
step is to focus on driver pathways with genes grouped
together according to the biochemical pathways that
they play functional roles in. Pathway activity may
be further validated by the downstream readouts,
e.g., mRNA and protein expression, morphology, and
function. Incorporation of immunohistochemistry data,
or even proteomics data, may help in evaluation of the
[33,34]
pathway activity
.
One major challenge in analyzing genomics data
of ESCC is the lack of information of esophagusspecific pathways. Pathway databases, e.g., KEGG, are
fairly incomplete and lack tissue and cell specificities.
Applying such pathway information in analyzing ESCC
data may generate misleading outcomes. For example,
using ChIP-seq analyses, Sox2-regulated genes in
ESCC cells are different from those in embryonic
stem cells because in ESCC, Sox2 tends to interact
with p63 as opposed to Oct4 in embryonic stem
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ISSUES IN TARGETED THERAPY
Cancer heterogeneity

Various combinations of drivers and pathways result
in intratumoral, intermetastatic, intrametastatic, or
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Intermetastatic and intrametastatic heterogeneity
may not be a great concern. Despite many years of
research, we have failed to identify a group of so-called
metastasis genes. Metastasis is probably stochastic
depending on the environment in the metastatic
[52]
site . Therefore, if we can understand genetic and
epigenetic alterations in the primary tumor well, all
cancer cells left at the primary site or metastatic
sites would be expected to behave in the same way.
Nevertheless, the prevalence of different patterns
of tumor heterogeneity needs to be more robustly
assessed in large patient cohorts, and new patterns
will probably be identified as the wealth of genomic
[53]
data of ESCC is analyzed .

Table 1 National clinical trials on targeted therapy of
1
esophageal squamous cell carcinoma
Target

Agent

EGFR

Erlotinib

NCT number (phase)

NCT00045526 (Ⅱ), NCT00030498 (Ⅰ),
NCT00397384 (Ⅰ), NCT00524121 (Ⅱ),
NCT01013831 (Ⅰ), NCT01561014 (Ⅰ),
NCT01752205 (Ⅲ)
Gefitinib
NCT00093652 (Ⅰ/Ⅱ), NCT00258297 (Ⅱ),
NCT00258323 (Ⅱ), NCT00268346 (Ⅱ),
NCT00290719 (Ⅰ)
Icotinib
NCT01973725 (Ⅱ)
Lapatinib
NCT00239200 (Ⅱ), NCT01666431 (Ⅱ)
Nimotuzumab NCT02272699 (Ⅱ/Ⅲ), NCT01232374 (Ⅱ),
NCT01336049 (Ⅱ), NCT01402180 (Ⅱ/Ⅲ),
NCT01486992 (Ⅱ), NCT01688700 (Ⅱ),
NCT01993784 (Ⅰ/Ⅱ), NCT02011594 (Ⅱ),
NCT02034968 (Ⅱ), NCT02041819 (Ⅱ)
Panitumumab
NCT01077999 (Ⅱ), NCT01262183 (Ⅱ),
NCT01627379 (Ⅲ)
PF00299804
NCT01608022 (Ⅱ)
Cetuximab
NCT02123381 (Ⅱ), NCT00109850 (Ⅱ),
NCT00165490 (Ⅱ), NCT00381706 (Ⅱ),
NCT00397384 (Ⅰ), NCT00397904 (Ⅱ),
NCT00425425 (Ⅰ/Ⅱ), NCT00445861
(Ⅰ/Ⅱ), NCT00509561 (Ⅱ/Ⅲ),
NCT00544362 (Ⅰ/Ⅱ), NCT00655876 (Ⅲ),
NCT00757549 (0), NCT00815308 (Ⅱ),
NCT01034189 (Ⅱ), NCT01107639 (Ⅲ)
IGF1R
Cixutumumab
NCT01142388 (Ⅱ)
PI3K
BKM120
NCT01626209 (Ⅰ), NCT01806649 (Ⅱ)
BYL719
NCT01822613 (Ⅰ/Ⅱ)
Rigosertib
NCT01807546 (Ⅱ)
HDAC
Entinostat
NCT00020579 (Ⅰ)
Vorinostat
NCT00537121 (Ⅰ), NCT01249443 (Ⅰ)
HER3
LJM716
NCT01598077 (Ⅰ), NCT01822613 (Ⅰ/Ⅱ)
VEGFR
Vandetanib
NCT00732745 (Ⅰ)
Sorafenib
NCT00917462 (Ⅱ)
VEGFA
Bevacizumab
NCT01212822 (Ⅱ)
PD-L1
MEDI4736
NCT01938612 (Ⅰ)
Bcl-2 mRNA Oblimersen
NCT00003103 (Ⅰ/Ⅱ)
CDK9
Alvocidib
NCT00006245 (Ⅱ)
CRM1
Selinexor
NCT02213133 (Ⅱ)
FGFR
AZD4547
NCT01795768 (Ⅱ)
KIF11
Litronesib
NCT01059643 (Ⅱ)
TACSTD2
IMMU-132
NCT01631552 (Ⅰ/Ⅱ)

Drug resistance

If carcinogenesis is regarded as an evolutionary process
with successive new mutations driven by natural
selection, chemotherapy, radiotherapy, and target
therapy may all provide a potent source of artificial
selection to alter clonal dynamics. Consequently, the
[54]
antitumor therapy may lead to resistance . Indeed,
targeted therapy is associated with a high rate of
resistance at the very beginning when vemurafenib, a
V600E
BRAF
inhibitor, was clinically used for melanoma.
V600E
Combination of a BRAF
inhibitor (dabrafenib) and a
MEK inhibitor (trametinib) resulted in better response,
yet did not prevent resistance from occurring. Dis
tinct mechanisms include mutations in the target,
reactivation of the targeted pathway, hyperactivation
of alternative pathways, and cross-talk with the
[55]
microenvironment . Resistant cells may undergo a
process called phenotype switching under the selection
[56]
of targeted therapy . Understanding these mecha
nisms has led to additional efforts in finding new
therapies targeting the same target, the same pathway,
[57-59]
or alternative pathways
.
Three strategies are feasible measures in the
handling of drug resistance. Before treatment, both
bioinformatics and experimental modeling can provide
[60-62]
information concerning heterogeneity
. There
is a need to develop clinically useful measures of
[63]
heterogeneity . Secondly, during treatment, limited
success can be achieved with a single agent. The
combination strategy may be the best way to refrain
from the inevitable development of resistance to
[31]
single drug-targeted therapies . Thirdly, longitudinal
tumor sampling will be essential to decipher the
impact of tumor heterogeneity on cancer evolution,
and developing minimally invasive methods to profile
heterogeneous tumor genomes will play a major part
[61]
in following clonal dynamics in real time . For ESCC,
[64,65]
repeated biopsy, circulating tumor DNA analysis
,
[66,67]
and exfoliative cells
are all valid options for this
purpose.

1

"Esophageal squamous cell carcinoma" was searched at the website (www.
clinicaltrials.gov). Targeted therapy has been or is being tried in 62/204
studies. Some of these agents target multiple molecules, for example,
lapatinib (EGFR and Erbb2), rigosertib (PI3K and PLK), vandetanib
(VEGFR, EGFR, and RET), and sorafenib (VEGFR, PDGFR and RAF).

interpatient heterogeneities. It may explain why the
same treatment brings about either a favorable response
or resistance in different patients, and why a patient that
responds well initially can develop resistance over time.
Intratumoral heterogeneity has been validated using
[50]
single-cell RNA-seq of primary glioblastomas . As the
majority of cancer gene mutations appear in multiple
regions of the same tumor, single-region sequencing
may be adequate to identify the majority of cancer gene
[51]
mutations . It can be predicted that most cancer cells
in the same tumor may share the major alterations. If
this is proven true in ESCC, it will make treatment more
predictable.

WJG|www.wjgnet.com

Exceptional responders

As opposed to drug resistance, exceptional responders
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are patients who have a unique response to treatments
that are not effective for most other patients. The
National Cancer Institute has embarked on the Ex
ceptional Responders Initiative to understand the
molecular underpinnings of exceptional responses to
treatment in cancer patients. In the past, exceptional
responders led to clinical breakthroughs in treatments
of certain types of cancer, and understanding of novel
[68]
molecular mechanisms of carcinogenesis . It is
foreseeable that careful characterization and follow-up
of these exceptional responders will be of great value
in the future practice of personalized and targeted
therapy of ESCC.

at the genomics level has not been well studied.
Whole exome sequencing has already shown that
carcinogen-induced and genetically engineered models
lead to carcinogenesis through different routes. A
carcinogen-induced model is particularly important
in understanding the complex mutation spectra seen
[84]
in human cancers . It is encouraging that genomic
alterations in 4-nitroquinoline 1-oxide-induced mouse
[83]
tongue cancer are well preserved .
Genetically engineered mouse models of human
cancers have proven essential to dissect the molecular
[85]
mechanisms behind carcinogenesis and provide robust
[86]
preclinical platforms for investigating drug efficacy
[87-89]
and resistance
. As an example, transgenic
overexpression of Sox2, an amplified oncogene in
[90]
ESCC , drives the complete process of carcinogenesis
[91]
in mice . This model can readily be used for preclinical
drug development for SOX2-overexpressing ESCC.
Although it may be difficult to target SOX2 itself, its
downstream genes or pathways, such as the Akt/mTOR
[79]
pathway, can be targeted . Biochemical outcomes
may be used for assessment of the efficacy of a
Sox2-targeting therapy even when it does not reduce
tumor incidence or size in mice. Genome engineering
with CRISPR-Cas9 in vivo is an extremely promising
technique in identifying cancer-driver genes and testing
[92]
drug targets . It may ultimately be used for human
[93]
gene therapy in the future .
As a hallmark of human cancer and a crucial deter
[75]
minant of variable response to treatment , genomic
heterogeneity calls for revision of clinical trial design
currently in use in order to implement personalized
[94]
therapy . The majority of traditional prospective
clinical trials are disease or histopathology based.
Genomics-driven trials, for example, mutation-,
pathway-, and subtype-based trials, will be more widely
[95]
used in drug development . Two genomics-based
study designs are currently being utilized to develop
targeted therapies, and for exploratory and multi-agent
[96]
sequential design . ESCC fits both study designs very
well because the esophagus can be biopsied before and
after treatment.

Side effects

As compared with traditional chemotherapy, targeted
therapy is better tolerated. However, it does produce
toxicities based on several major mechanisms, in
cluding on-target, off-target, hypersensitivity-related,
and metabolite-induced toxicities. Vascular endothelial
growth factor receptor inhibitors cause hypertension,
and epidermal growth factor receptor inhibitors cause
toxicities in tissues where they normally play an
important functional role in tissue maintenance (e.g.,
skin and gastrointestinal epithelia). Some of these ontarget toxicities may serve as surrogate biomarkers
[69-73]
for clinical response
. Considering these potential
side effects, clinical oncologists should be prepared
to educate the patients and undertake respective
preventive and therapeutic measures.

RESEARCH APPROACHES FOR
TARGETED THERAPY
For genomics-guided research, cell line-based platforms
[74,75]
have become an indispensable tool
. Clarification
of genetic and epigenetic alterations of established
ESCC cell lines would be great tools for preclinical drug
[76,77]
development
, in particular, the KYSE series of
[7-9]
ESCC cell lines that have been sequenced . Patientderived ESCC cells can be used for selection of potential
[78,79]
individualized therapy
. These cells are particularly
useful in identifying effective drug combinations for
[57]
acquired resistance .
Several models have been put into preclinical
research and even clinical applications. A patientderived xenograft model of ESCC is created when
cancerous tissue from a patient’s primary tumor is
implanted directly into immunodeficient mice. This
model provides solutions to the translational challenges
that researchers and clinicians face in cancer drug
[80,81]
research and selection
. Carcinogen-induced
models, for example, the N-nitrosomethylbenzylamineinduced model, represent classical models for ESCC
research. They mimic human ESCC in not only
etiology and histopathology, but also in molecular
[82,83]
alterations (e.g., TP53 mutations
). However,
exactly how well this model can mimic human ESCC

WJG|www.wjgnet.com

FUTURE PERSPECTIVES
The biggest challenge in ESCC treatment is the
translation of genomic discoveries into personalized
therapies based on strategies sketched from patients’
[94]
individual profiles . The evasiveness of cancer
cells has been a frustrating observation of clinical
[16]
oncologists. Vogelstein et al
proposed that “there
is order in cancer,” pointing to the need to tackle
ESCC as a disease status with its own homeostatic
mechanisms. From the perspective of ten hallmarks
[97]
[98]
of human cancer , Hanahan
proposed three
strategically distinct “battlespace-guided plans” for
cancer treatment: disruption of the enemy’s many
capabilities, defense against cancer’s armed forces,
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Analyses and bioinformatics
WGS/WES and RNA seq
Established ESCC cell lines
Immunohistochemistry
Xenograft animal models
Driver genes and pathways
Carcinogen-induced models
Cancer subtype
Genetically modified models

Samples
Fresh
Frozen
Paraffin

Tumor board
Surgical oncologist
Medical oncologist
Radiation oncologist
Radiologist
Pathologist
Bioinformatician
Nurse
Nutritionist
Psychologist
Social worker

Clinical
assessment
Nonresponder

Responder

Outcome
Efficacy
Metabolism
Side effects

Treatment
Surgery
Targeted therapy
Chemoradiotherapy

Figure 1 Personalized and targeted therapy for esophageal squamous cell carcinoma. The strategy is based on the concept that a patient’s genetic makeup
should guide his/her treatment. After a series of molecular analyses on tumor samples, bioinformatics is expected to identify driver genes, pathways, cancer subtype,
and target drugs. A tumor board will synthesize all information and generate a personalized treatment plan. Nonresponders may be analyzed in a similar manner during
subsequent surveillance and further treated. ESCC: Esophageal squamous cell carcinoma; WES: Whole exome sequencing; WGS: Whole genome sequencing.

and integration of the geographies of the battlefields.
It is clear that combination therapy targeting multiple
mechanisms would be the only option in the future.
Using immunotherapy as an example, tremelimumab
(anti-CTLA4) has been tested as a second-line the
rapy for esophageal cancer. Although the clinical
response was not impressive, its biologic effect on
T-cell activation seemed to be associated with clinical
[99]
response . Recent development of immunotherapy
+
[100]
based on ERBB2IP mutation-specific CD4 T cells
and programmed-death ligand 1 (PD-L1) suppression
is also quite promising. For patients in which preexisting immunity is suppressed by PD-L1, blocking
PD-L1 enhanced anti-cancer immunity (including one
[101]
case of esophageal cancer) . A realistic option in the
near future can be a combination of target drugs and
traditional chemoradiotherapy for ESCC. Target drugs
are expected to kill cancer cells with specific genomic
alterations, while traditional therapy acts in a much
broader manner.
Technical issues continue to represent large hurdles
for next-generation sequencing and bioinformatics,
and they prevent us from gaining full insights into the
mechanisms of carcinogenesis and metastasis of ESCC.
Nonetheless, whole genome sequencing correlates
with incomplete coverage of inherited disease genes,
low reproducibility of genetic variation with the highest
potential clinical effects, and uncertainty about clinically
[102]
reportable sequencing findings
. Whole exome
sequencing is particularly prone to errors, as only 61%
[8]
of the mutated genes in ESCC are transcribed . This
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is similar to what has been observed in pancreatic
cancer: only 63% of the expected 251 driver-gene
mutations were identified, suggesting a 37% falsenegative rate. Marked discrepancies in the detection
of missense mutations in identical cell lines (57.38%)
have been reported due to inadequate sequencing
[103]
of GC-rich areas of the exome
. The proteincoding genes account for only about 1.5% of the total
genome. Although the vast majority of the alterations
in noncoding regions are presumably passengers,
some of these may be drivers, for example, mutations
[104,105]
in the Tert promoter
.
New computational and bioinformatics tools still
need to be developed and improved due to low
[106,107]
concordance of multiple variant-calling pipelines
.
Directly comparing genome sequence reads may
improve data quality as compared with initial ali
[108]
gnment of reads to a reference genome .
Apart from the logistic challenges, financial, social
and ethical challenges are also posed by personalized
[39]
and targeted therapy . In addition to viewing a
patient’s cancer as a biologic phenomenon waiting
for medical attention alone, personalized therapy
emphasizes biopsychosocial care by including
communication and information giving, psychologic
and emotional well-being, enhancement of function,
addressing financial and spiritual concerns, and
[109]
providing symptom control and social support
. If
we look at one specific patient’s ESCC from all these
perspectives, a tumor board should involve not only
medical staff but also supporting staff (Figure 1).
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REVIEW

Rectal cancer: An evidence-based update for primary care
providers
Wolfgang B Gaertner, Mary R Kwaan, Robert D Madoff, Genevieve B Melton
differences between the rectum and the colon have
significant implications for management of rectal cancer.
Many advances have been made in the diagnosis and
management of rectal cancer. These include clinical
staging with imaging studies such as endorectal
ultrasound and pelvic magnetic resonance imaging,
operative approaches such as transanal endoscopic
microsurgery and laparoscopic and robotic assisted
proctectomy, as well as refined neoadjuvant and adjuvant
therapies. For stage Ⅱ and Ⅲ rectal cancers, combined
chemoradiotherapy offers the lowest rates of local and
distant relapse, and is delivered neoadjuvantly to improve
tolerability and optimize surgical outcomes, particularly
when sphincter-sparing surgery is an endpoint. The
goal in rectal cancer treatment is to optimize diseasefree and overall survival while minimizing the risk of
local recurrence and toxicity from both radiation and
systemic therapy. Optimal patient outcomes depend
on multidisciplinary involvement for tailored therapy.
The successful management of rectal cancer requires
a multidisciplinary approach, with the involvement
of enterostomal nurses, gastroenterologists, medical
and radiation oncologists, radiologists, pathologists
and surgeons. The identification of patients who are
candidates for combined modality treatment is particularly
useful to optimize outcomes. This article provides an
overview of the diagnosis, staging and multimodal therapy
of patients with rectal cancer for primary care providers.
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Core tip: Colorectal cancer is the third most common
malignant neoplasm and second most common cause
of cancer-death in the United States. It is essential for
primary care providers to become familiar with the
modifications and updates in the diagnosis and treatment
of this common malignancy. This review focuses on the

Abstract
Rectal adenocarcinoma is an important cause of
cancer-related deaths worldwide, and key anatomic
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in bowel habits”), as well as weight loss, abdominal
[10]
pain, and anemia . However, these symptoms are also
common with benign conditions, therefore, clinicians
must select patients at higher risk of colorectal cancer for
further investigation. These risk factors include age ≥
50 years, personal or family history of colorectal polyps
and cancer, and history of inflammatory bowel disease.
There is no reliable clinical information or test that has
sufficient discrimination to provide the basis for referral
decisions. Although primary care investigations such as
fecal occult blood testing and estimation of hemoglobin
are used to filter selected patients, symptomatic patients
with risk factors for colorectal cancer should undergo a
full colonoscopy.
[11]
Astin et al
performed a systematic review to
identify the risk of colorectal cancer in patients re
porting symptoms to primary care. Positive predictive
values for rectal bleeding from 13 papers ranged from
2.2% to 16%, with a pooled estimate of 8.1% in those
aged ≥ 50 years. The authors recommended further
investigation of rectal bleeding or anemia in primary
care patient’s ≥ 50 years.
Perhaps the most basic and informative test in
patients with low rectal cancer is a digital examination
(DRE). Important information can still be obtained from
DRE, including the condition of the anal sphincters,
distance from the anal verge with low-lying tumors,
tumor fixation, and circumferential involvement. Never
theless, DRE is not an adequate screening tool and
even when rectal cancer is diagnosed, the associated
findings do not correlate with the degree of tumor
invasion.
Signs and symptoms associated with rectal cancer
are non-specific but can guide primary care physicians
in their referral decisions. Patient age, underlying
inflammatory bowel disease and family history of
colorectal cancer or polyps should influence this
decision-making. Another important detail with patients
that have significant family history is to consider referral
to genetic counseling for appropriate risk assessment
and timely notification of family members at risk.

advances made in the multidisciplinary approach to rectal
cancer as well as minimally invasive surgical options as
part of the management of rectal tumors.
Gaertner WB, Kwaan MR, Madoff RD, Melton GB. Rectal
cancer: An evidence-based update for primary care providers.
World J Gastroenterol 2015; 21(25): 7659-7671 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i25/7659.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i25.7659

INTRODUCTION
Colorectal cancer is the third most common non
cutaneous malignancy in the United States and the
second most frequent cause of cancer-related deaths.
In 2015, an estimated 132700 cases of colorectal
cancer will be diagnosed in the United States and
[1]
will account for 49700 deaths . Of these cancers,
30 percent will arise in the rectum. The diagnosis,
staging and treatment regimens for rectal cancer
differ significantly from those for colon cancer and
have undergone recent advances that are important
for primary care providers, gastroenterologists and
general surgeons to be aware of.
The work-up and management of rectal cancer
requires detailed knowledge regarding its precise
location. A National Cancer Institute consensus panel
recommended that the rectum be defined as 12 cm or
less from the anal verge using rigid proctoscopy (Figure
[2,3]
1) . Anatomic considerations that distinguish rectal
cancers from those that occur in the colon include the
narrow and bony confines of the pelvis making surgical
resection more difficult and the absence of serosa
below the peritoneal reflection which facilitates deeper
tumor growth in the perirectal fat, that may contribute
[4]
to higher rates of locoregional failure .
The mainstay of treatment for patients with rectal
cancer has been curative surgical resection. Significant
improvements in local control and survival have been
seen with the implementation of total mesorectal
excision (TME) and the addition of neoadjuvant chemo
[5-9]
radiotherapy (CRT) . Increased use of colonoscopic
screening has thought to contribute to disease de
tection at an earlier stage, which may contribute to
improved outcomes as well.
The aim of this is review is to provide an evidencebased overview of the diagnosis, staging and mul
tidisciplinary treatment of primary rectal cancer for
primary care providers.

Endoscopic evaluation

When patients warrant endoscopic evaluation of the
colon and rectum, a full colonoscopy is preferred to rule
out the presence of synchronous polyps and cancers
in the rest of the colon. Synchronous polyps or cancers
[12]
may be present in 4% to 15% of patients . Rigid
proctoscopy will be performed in the surgeons’ office to
accurately measure the distance form the anal verge
and to characterize the lesion. Unlike colon cancer where
the tattooing is performed liberally and sometimes even
circumferentially for easy intraoperative visualization,
rectal cancer should be tattooed right at the lesion with
one single injection for accurate endoscopic visualization
and for future visualization when neoadjuvant therapy
is to be given.
Approximately 10% of polypectomy specimens

DIAGNOSIS
History and physical examination

Many symptoms associated with colorectal cancer have
been described, with the main ones being rectal bleeding,
diarrhea, and constipation (commonly named “change
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Figure 1 Rectal anatomy and landmarks of importance in the treatment of rectal cancer (Figure reproduced with permission from Apgar et al[3]).

and poor prognosis include poorly differentiated,
mucinous and signet ring histology; lymphovascular
and perineural invasion, and tumor budding. Tumor
budding is defined as the presence of individual cells
and small clusters of tumor cells at the invasive front
of carcinomas. Ulcerated, mucinous cancers and
lesions with evidence of perineural and lymphovascular
invasion are associated with local recurrence rates as
[15,16]
high as 25%
. Chemoradiotherapy regimens are
less effective in tumors with undifferentiated histology
[17]
and lymphovascular invasion .

Table 1 Strengths of preoperative imaging studies for rectal
cancer

ERUS
CT
MRI
PET/CT

CRM

T stage

N stage

EMVI

Peritoneum

NA
+
+++
NA

+++
++
+++
NA

++
++++
+

NA
+
+++
NA

NA
+
++
NA

ERUS: Endorectal ultrasound; CT: Computed tomography; MRI: Magnetic
resonance imaging; PET: Positron emission tomography; EMVI: Extramural
vascular invasion; NA: Not applicable.

Radiologic evaluation

[13]

harbor early colorectal carcinomas . Endoscopic
polypectomy alone is likely an adequate treatment
[14]
for benign-appearing polyps ≤ 2 cm . Patients with
rectal polyps with malignant features (fixed, indurated,
ulcerated), polyps > 2 cm, flat or serrated adenomas,
and polyps that are unable to be completely excised
endoscopically should be referred to a surgeon for
excision. Patients with submucosal lesions, polyps
close to the anal canal, and polypectomy specimens
harboring invasive carcinoma or dysplasia should also
be sent for surgical consultation. A more emergent
situation is when a patient is diagnosed with dysplasia
or invasive malignancy in a polypectomy specimen.
These patients should be assessed immediately by a
surgeon to visualize and tattoo the polypectomy site
before healing occurs.

The preoperative staging assessment of rectal carci
noma has significant implications in terms of treatment.
Patients with rectal carcinomas that have not breached
the muscularis propria layer of the rectal wall may be
adequately treated by resection alone. On the other
hand, patients who present with transmural invasion or
those who have lymph node metastases benefit from
neoadjuvant CRT followed by resection. Imaging studies
utilized to evaluate patients with rectal tumors include
computed tomography (CT), magnetic resonance
imaging (MRI) and endorectal ultrasound (ERUS)
(Table 1). MRI and ERUS are especially useful to detect
tumor invasion outside the rectal wall and predict
the relationship of the tumor with the circumferential
[18]
margins . With the more recent addition of diffusionweighted imaging, MRI has also emerged as a reliable
indicator for assessing early response following
neoadjuvant CRT.
ERUS is performed by a colorectal surgeon or
gastroenterologist in an outpatient setting, requires
minimal intestinal preparation, and results are highly
operator dependant. MRI also requires minimal bowel

Histopathology

Rectal lesions that harbor invasive carcinoma, highgrade dysplasia or intramucosal carcinoma should
be evaluated by a surgeon. Microscopic features as
sociated with lymph node metastases, local recurrence
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preparation, does not suffer from operator variability,
and patients are not exposed to radiation. When
ordering an MRI to work-up a patient with rectal
cancer, one must assure that a “rectal cancer protocol”
is being performed as this imaging technique differs
from regular pelvic MRI’s. MRI also has an increased
cost when compared to ERUS.
Agreement between phase-array MRI and his
topathology in predicting tumor stage has been
established by a number of studies, including a
[19]
prospective study by Brown et al that showed a 94%
agreement between MRI and pathologic assessment
of T stage. The multicenter MERCURY study directly
compared the extramural depth of invasion measured
[20]
by MRI and histopathology in 295 of 311 patients .
The mean difference between MRI and histopathology
was 0.046 mm, thereby showing MRI to be equivalent
to a histopathology assessment of depth to within 0.5
mm in terms of predicting depth of extramural tumor
spread.
In a meta-analysis including data from 90 pub
[21]
lications, Bipat et al
found the sensitivity of ERUS
and MRI for tumor invasion outside the rectal wall as
high as 90% and 82%, respectively. However, the
sensitivity for lymph node involvement was significantly
lower at 67% and 66%, respectively. In a systematic
[22]
review of 53 studies including 2915 patients , the
accuracy of ERUS was 87% for T-stage and 74% for
lymph node involvement. For MRI, the corresponding
numbers were 84% and 82%. Recent data has shown
that 3-D reconstruction increases the accuracy of ERUS
in assessing the depth of rectal wall and submucosal
invasion and may help in selecting patients for radical
[23]
resection .
The addition of diffusion-weighted imaging [(DWI)
a form of MRI based upon measuring the random
Brownian motion of water molecules within a voxel
of tissue] and dynamic contrast-enhanced imaging
[(DCE) an MRI method that uses a contrast agent that
enables the analysis of blood vessels], has recently
shown to improve the accuracy in the local assessment
of patients with rectal cancer, as well as the evaluation
of treatment response after neoadjuvant therapy. Rao
[24]
et al
showed that addition of DWI to T2-weighted
imaging improved accuracy of rectal cancer detection.
Ichikawa and colleagues studied DWI in 33 colorectal
cancer patients (14 with rectal cancer) and reported
[25]
91% sensitivity and 100% specificity . DWI has also
been utilized for detection of metastatic lymph nodes in
[26]
rectal cancer. Ono et al reported 80% sensitivity, 77%
specificity, and 78% accuracy in a series of 27 colorectal
cancer patients (10 with rectal cancer). A recent study
evaluating 129 patients showed 93% sensitivity,
81% specificity, and 87% accuracy in metastatic
lymph node detection with combination of DWI and
conventional MRI when compared with histopathologic
[27]
examination after proctectomy with TME . Diffusionweighted imaging MRI has also been used to predict
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pathologic response after chemoradiation. Engin
[28]
et al
showed that increase in apparent diffusion
coefficient can predict therapy response. In many
centers, DWI is now being used with T3 MRI protocols
as an adjunctive to T2-weighted images. Dynamic
contrast-enhanced MRI has been used in rectal cancer
patients both for predicting response to therapy and
for evaluation after neoadjuvant treatment. Kremser
[29]
et al
applied dynamic T1 mapping as a predictor
of post-chemoradiotherapy tumor-response. Gollub
[30]
et al
showed that DCE MRI is reliable in predicting
pathological complete response after chemotherapy.
MRI with the use of a unique contrast agent, ultra
small superparamagnetic ion oxide (USPIO) which
undergoes phagocytosis by macrophages in normal
lymph nodes, is a promising technique to help detect
lymph node metastasis. T2 images are obtained 24 h
after USPIO injection and reduced signal is accepted as
normal whereas loss of signal indicates involvement of
[31]
the lymph node. Koh et al
studied this technique in
25 patients with rectal cancer and reported improved
accuracy with 65% sensitivity and 93% specificity.
The use of USPIO has not been studied in a large
comparative study nor has it been approved by the
Food and Drug Administration for clinical use in the US.
CT scanning offers the opportunity in a single
examination to stage rectal cancer both locally and
distantly. It is readily available and relatively inexpensive
and not prone to operator variability. When examining
advanced rectal cancer, CT determines T stage with an
accuracy of 79% to 94%; however, this falls to 52%
18]
to 74% when smaller tumors are evaluated . The
assessment of lymph node involvement with CT has a
[32]
very poor sensitivity, which ranges from 22% to 73% .
Overall, there is currently limited evidence in
regards to the specificity and sensitivity of fluoro
deoxyglucosepositron emission tomography (FDGPET) in the initial staging of rectal cancer. PET/CT may
be useful in detecting occult synchronous tumors or
metastases at the time of initial presentation. However,
this low-yield detection rate cannot justify the costs and
radiation exposure for its routine use.

Staging classification

Pathologic stage represents the most important
prognostic factor for patients who have rectal cancer.
The tumor-node-metastasis (TNM) system, as defined
by the American Joint Committee on Cancer (AJCC), is
the most commonly used staging system and is based
on depth of local invasion, extent of regional lymph
node involvement, and presence of distant sites of
[33]
disease (Table 2) . As the AJCC stage increases from
stage Ⅰ to stage Ⅳ, 5-year overall survival declines
[34,35]
from greater than 90% to less than 10%
.
The American Society of Clinical Oncology guidelines
suggest a preoperative baseline carcinoembryonic
[36]
antigen (CEA) level . If increased preoperatively, the
CEA level should return to normal range postoperatively.
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rationale for giving chemotherapy with radiotherapy is
that it potentiates local radiotherapy sensitization and
has the potential to induce tumor downsizing, possibly
improving rates of sphincter preservation and increase
[43]
rates of pathological complete response (pCR) .
In the US, neoadjuvant CRT is currently indicated
for T3 and T4 rectal adenocarcinoma; and node
positive tumors regardless of the T stage. There are
several potential benefits to administering radiotherapy
preoperatively, including decreased tumor seeding at
operation, less acute toxicity, and increased likelihood
[6,44,45]
of patient completion of the full treatment course
.
One must have in mind that a major disadvantage is
the potential for overtreatment of patients.
In the neoadjuvant setting, there are two possible
approaches: short term radiation with 25Gy given in
daily fractions of 5Gy and surgery the following week,
or long term radiation treatment with chemotherapy
in daily fractions of 1.8Gy five days per week, 50.4Gy
[46]
in total, followed by surgery 6 to 8 wk later . The
latter treatment option, which has been defined as the
standard of care for patients with locally advanced rectal
cancer in the US, has the advantage of down staging of
[47]
the tumor, particularly in advanced low rectal cancers .
The “long course” typically involves the administration
[6,48,49]
. The
of concurrent 5-FU-based chemotherapy
rationale for short-course radiotherapy is that the
short time period for delivery of the dose may combat
the effects of accelerated cellular repopulation, a
phenomenon displayed by malignant cells exposed to
radiotherapy. Short-course radiotherapy, which is widely
used in Europe, does not result in apparent downsizing
of tumors or downstaging in terms of nodal status,
and has been associated with increased postoperative
[8]
morbidity compared to “long course” radiotherapy .
Evidence from recent studies suggests that eliminating
neoadjuvant radiotherapy may be feasible in selective
patients with locally advanced rectal cancer. Specifically
in patients with proximal rectal and chemosensitive
tumors that may benefit from earlier and more intense
systemic treatment. This regimen has the potential
for reducing distant recurrence rates and avoiding the
toxicity of pelvic radiotherapy, and is currently being
[50]
studied in a randomized controlled trial .
Several randomized control trials have investigated
the value of both radiotherapy and chemotherapy in
the management of rectal cancer. In this section we
will summarize these results.

Table 2 Tumor-node-metastasis staging system for rectal
[33]
cancer (reproduced with permission from Greene et al )
Primary tumor (T)
Tx
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ: intraepithelial or invasion of lamina propria
T1
Tumor invades submucosa
T2
Tumor invades muscularis propria
T3
Tumor invades through the muscularis propria into the
pericolorectal tissues
T4a
Tumor penetrates to the surface of the visceral peritoneum
T4b
Tumor directly invades or is adherent to other organs or
structures
Regional lymph nodes (N)
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Metastasis in 1-3 regional lymph nodes
N1a
Metastasis in one regional lymph node
N1b
Metastasis in 2-3 regional lymph nodes
N1c
Tumor deposit(s) in the subserosa, mesentery, or
nonperitonealized pericolonic or perirectal tissues without
without regional node metastasis
N2
Metastasis in four or more regional lymph nodes
N2a
Metastasis in 4-6 regional lymph nodes
N2b
Metastasis in seven or more regional lymph nodes
Distant metastasis (M)
M0
No distant metastasis
M1
Distant metastasis
M1a
Metastasis confined to one organ or site
(e.g., liver, lung, ovary, nonregional node)
M1b
Metastasis in more than one organ/site or the peritoneum

Serum levels of ≥ 5.0 ng/mL have an adverse impact
[36-39]
on survival that is independent of tumor stage
.
Elevated CEA levels that do not normalize following
resection implies persistent disease and the need for
[40]
further evaluation . A CT scan of the chest, abdomen
and pelvis to identify pulmonary and hepatic metastases
should be performed. A chest CT is recommended
because of the higher incidence of pulmonary
metastases in rectal cancer patients compared to colon
[41]
cancer patients .

TREATMENT
The goals for treating rectal cancer have broadened
to include securing local and distant oncologic control;
minimizing treatment-related morbidity and morta
lity; performing restorative anastomosis to achieve
near normal continence and defecation; preserving
genitourinary functions; and promoting rapid recovery
after resection with prompt return to normal activities.

Results of trials evaluating CRT and the impact of
chemotherapy

Neoadjuvant therapy

Preoperative CRT is associated with a relative risk
reduction in local recurrence of approximately 50% in
patients with T3 and T4 rectal cancer compared with
postoperative CRT. There is no significant difference
in the overall rate of sphincter preservation or overall
survival. In patients with T3 and T4 rectal cancer,
the administration of chemotherapy in addition to

Over the past two decades, neoadjuvant radiotherapy
with or without sensitizing chemotherapy has been
increasingly used together with surgical resection
in the primary management of patients with rectal
cancer. The rationale for radiotherapy is based on the
finding that radiation inhibits cell proliferation, induces
[42]
apoptotic cell death, and inhibits tumor growth . The
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course radiotherapy have increased postoperative
morbidity, mainly wound complications and bowel
[7,8,51-55]
dysfunction
.

Table 3 Vocabulary for the treatment of rectal cancer
Anterior resection
Low anterior
resection
TME

PME

TEM

TAE
APR

Adjuvant

Neoadjuvant
CRT

Intersphincteric
resection

CRM

DRM

Resection of rectum with an anastomosis above the
pelvic peritoneal reflection
Resection of rectum with an anastomosis below the
pelvic peritoneal reflection
Total mesorectal resection. The adipose tissue at the
posterior and lateral aspects of the rectum which
contains the draining lymph nodes, is dissected
down to the pelvic floor and resected
Partial mesorectal excision. The mesorectum is
divided 5 cm below the cancer as well as the distal
rectum. PME is performed for cancers located in the
upper rectum and rectosigmoid
junction
Transanal endoscopic microsurgery. A specially
designed proctoscope with an attached microscope
permits local resection of premalignant lesions and
selected cases of early rectal cancer up to 20 cm from
the anal verge
Transanal excision. Lesions in the lower third of
rectum can be resected transanally
Abdominoperineal resection. Low rectal cancers
that cannot be resected with a sphincter-saving
procedure are resected with perianal tissue and
the anal canal en bloc with the whole rectum and
mesorectum
Additional treatment (chemotherapy, radiation
therapy or chemoradiation) given after surgical
resection
Preoperative treatment
Chemoradiotherapy. Chemotherapy drugs typically
involve 5-fluorouracil, leucovorin and oxaliplatin.
These are given in order to increase cancer cells
sensitivity to the radiation. CRT is frequently
offered to patients preoperatively (neoadjuvant) in
order to reduce local recurrence but has not shown
to improve overall survival
The internal anal sphincter muscle is resected in
continuity with the lower rectum preserving the
external anal sphincter in order to preserve anal
function and avoid colostomy in cases of ultralow
rectal cancer
Circumferential resection margin is the distance in
mm from the mesorectal fascia (the resection plane)
to the nearest tumor growth
Distal resection margin

Results of trials evaluating CRT versus short-course
radiotherapy

In patients with T3 and T4 rectal cancer, there is
no significant difference in the rate of sphincter pre
servation or in local recurrence between patients
assigned to preoperative CRT compared to preoperative
[56]
short-course radiotherapy .
The provision of chemotherapy and/or radiotherapy
undoubtedly offers an oncological benefit in ap
propriately selected patients. The problem is that,
in some instances, this benefit is at the cost of a
50% increase in some toxicity. Currently, there is no
international consensus with regards to the indications
for neoadjuvant CRT. International treatment guidelines
are yet to be developed.

Results of trials evaluating neoadjuvant chemotherapy
alone

Several small, single-arm phase Ⅱ trials have evaluated
the outcomes of patients who receive neoadjuvant
chemotherapy alone followed by TME and have
reported down staging in 25%-58%, with 74%-84%
disease-free survival and 85%-91% overall survival at
between 4-5 years follow-up. Local recurrence rates at
variable time intervals ranging from 48 to 75 mo have
been reported in 0%-11.5% of patients. Postoperative
complications have also been reported in up to 43% of
[57-61]
patients in these small studies
.

Operative treatment

Currently, radical resection with TME remains the
standard curative operation for rectal cancer. Patients
with tumors located at the upper or mid rectum
will frequently undergo an anterior or low anterior
resection (LAR), whereas many patients with a distal
tumor will require abdominoperineal resection (APR)
of the rectum with a permanent colostomy (Table 3).
Whether to perform local excision (LE), a restorative
procedure with anterior resection (AR), or APR with
permanent colostomy remains a complex assessment
that must take into account oncologic and technical
considerations, patient preference, functional outcome,
and surgeon experience. The level of the lesion and its
relationship to the anal sphincters and pelvic floor is a
primary consideration from a technical and oncologic
standpoint. Additional factors include initial staging,
response to neoadjuvant therapy, tumor histology,
and margin status. Patient factors, particularly a
narrow pelvis and obesity, can add significant technical
difficulty. Other factors include gender, age, anal
sphincter function, and patient’s ability to manage
a colostomy. Baseline bowel function, including
incontinence, as well as sexual and urinary functions
should be documented before any treatment modality.

TME: Total mesorectal excision; CRT: Chemoradiotherapy; TAE: Transanal
excision; TEM: Transanal endoscopic microsurgery.

preoperative long-course radiotherapy, regardless
of the timing of administration (preoperative or
postoperative), is associated with a relative risk
reduction in local recurrence of approximately 50%
compared with patients who received long-course
preoperative radiotherapy alone. This significant
difference in local recurrence has not translated into a
[6,8,45,48,49]
significant difference in overall survival
.

Results of trials evaluating short-course radiotherapy

In patients with stage Ⅱ and Ⅲ rectal cancer, shortcourse radiotherapy with TME is associated with a
relative risk reduction in local recurrence of 62%
compared with patients who receive no neoadjuvant
therapy. Patients who receive preoperative short-
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A

Table 4 Morphologic features of favorable and unfavorable
T1 rectal cancers
Favorable/low risk
Well differentiated (G1-G2)
SM 1
Size < 3 cm
< 40% wall circumferences
No lymphovascular invasion
No tumor budding
No perineural invasion
No lymphocitic infiltration

Unfavorable/high risk
Poorly differentiated (G3)
SM 2-3
Size > 3 cm
> 40% wall circumferences
Lymphovascular invasion
Tumor budding
Perineural invasion
Lymphocitic infiltration

B

SM: Submucosal invasion.

Local excision

Early rectal cancer is relatively uncommon in Western
populations. The incidence of malignant colorectal
polyps as a proportion of all adenomas removed
[62]
varies between 2.6% and 9.7% , with 3% to 8.6%
of all resected colorectal adenocarcinomas staged
[63-66]
as T1
. The role of LE for treatment of rectal
cancer is highly controversial. While radical resection
with TME continues to be the standard operation for
most patients with rectal cancer, LE is an acceptable
alternative with significantly less morbidity. Most
surgeons restrict their curative intent use to selected
patients with T1 disease (Table 4) or to those patients
unfit for radical resection.
Surgeons continue to evolve techniques for LE.
The most common technique for LE is transanal
excision (TAE), which involves the excision of the
rectal tumor with the assistance of an operating
anoscope. This technique is exclusive for low-lying
tumors and suffers from poor visualization. Transanal
endoscopic microsurgery (TEM) is a modification of LE
that combines the excellent visualization offered by
a binocular stereoscope that is incorporated into an
operating proctoscope, which permits an optimum view
during the procedure thus enhancing the surgeon’s
ability to accurately perform full thickness excisions and
to repair the rectal wall defect. TEM allows for improved
endoanal access to the mid and upper rectum thus
increasing the utility of LE. Disadvantages of TEM
include costly equipment and slightly longer operating
[67]
times. Atallah et al recently reported their experience
with using a single-incision laparoscopic surgery port
for access to the rectum, replacing the conventional
operative proctoscope, and using ordinary laparoscopic
instruments (Figure 2). This approach is widely known
as transanal minimally invasive surgery (TAMIS) and
has been reported to be a safe and feasible alternative
to TEM, providing its benefits at a fraction of the
[68,69]
cost
.
One significant disadvantage of LE, including
TEM, is the lack of information regarding the lymph
node status of the mesorectum. Endoscopic posterior
mesorectal resection (EPMR) is a recently described
[70]
technique
that includes TAE or TEM of selected,
favorable T1 rectal cancers followed by a minimally
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Figure 2 Operative setup for transanal minimally invasive surgery (Figure
reproduced with permission from Atallah et al[67]).

invasive transperineal resection of the posterior part
of the mesorectum including all relevant lymphatic
tissue (Figure 3). Its proponents claim this technique
provides complete tumor staging with minimal
[71]
morbidity after LE of T1 rectal cancers .
Despite its decreased morbidity and mortality, LE
has been associated with significantly higher local
recurrence rates (12.5% vs 6.9% for T1 cancers and
[72]
22.1% vs 15.1% for T2 cancers) . Compared to TAE,
TEM and TAMIS offer a higher likelihood of achieving
clear resection margins, lower recurrence rates and the
ability to successfully excise more proximal tumors.
Local recurrence after TEM and TAMIS has been
reported mainly in single institution reviews which
makes comparisons difficult. Recurrence rates range
from 0% to 13% for patients with T1 tumors and from
[73-78]
0% to 80% for patients with T2 tumors
.
Significant disease progression can occur after
[79,80]
any type of LE despite intense surveillance
, which
may preclude curative salvage. The role of CRT and
LE techniques in the treatment of rectal cancer is still
under study.

Radical resection

The determining factor in performing a sphincterpreserving operation is the ability to obtain adequate
distal margin. For mid to low tumors or patients
with difficult anatomy, the decision of whether to
perform a sphincter preserving operation or not is
generally only possible in the operating room when
the rectum is completely mobilized. When performed

7665

July 7, 2015|Volume 21|Issue 25|

Gaertner WB et al . Rectal cancer diagnosis and treatment

A

B

C

D

Figure 3 Technique of endoscopic posterior mesorectal resection. A: Trocar positions; B: Access to the retrorectal space using the index finger; C: Establishment
of a sufficient large operating space using a dissecting balloon trocar; D: Dissection of the mesorectum from the posterior wall of the rectum. Figure reproduced with
permission from Zerz et al[70].

for curative intent, both AR and APR involve TME to
achieve adequate circumferential margin clearance.
TME involves excision of the mesorectum following the
anatomic planes of the pelvis. Dissection is performed
sharply with the identification and preservation of the
autonomic nervous system of the pelvis. TME has been
repeatedly associated with a reduction in the local
recurrence rate from 30%-40% to 5%-15% with the
[81,82]
suggestion that surgical technique is a key factor
.
TME has not shown significant differences in 30-d
mortality, anastomotic leakage or overall operative
morbidity when compared to pre TME-era controls with
[83-85]
or without neoadjuvant therapy
.

may benefit patients with reduced blood loss, earlier
return of bowel function, and shorter hospital length of
[92,93]
stay
. There are two large, multicenter randomized
controlled trials that are currently being conducted:
the COLOR Ⅱ trial in Europe and the ACOSOG-Z6051
[94]
trial in the US . Both of these studies are comparing
the laparoscopic and open approach for treatment of
resectable rectal cancer.
In recent years, an increasing number of reports
have been published on robotic colorectal surgery.
Most of the interest has been in robotic TME for rectal
cancer. Robotic-assisted laparoscopy can ease some
of the limitations of conventional laparoscopy with
improved visualization and maximal maneuverability
provided by 360-degree reticulating arms. In colorectal
surgery, robotic techniques are associated with longer
operative times and higher costs compared with
[95]
laparoscopic surgery . Although operative morbidity
and short-term oncologic outcomes are comparable
to the laparoscopic approach, long-term outcomes
remain unknown. Large prospective randomized
clinical trials such as the international ROLARR trial
are required to establish the benefits of robotic rectal
surgery. The role of robotics in colorectal surgery is still
largely undefined.

Minimally invasive techniques

Large comparative studies and multiple prospective
randomized control trials have reported equivalence
in short and long-term outcomes between open and
[86-91]
laparoscopic resections for colon cancer
but
laparoscopic AR with TME has not been well studied
and whether it compromises long-term oncologic
outcomes has not been refuted by the available
literature. Laparoscopic rectal dissection is technically
more demanding and may result in difficulties as
sessing and achieving negative surgical margins
but does provide a clear and magnified view of the
pelvis that helps with the sharp dissection for TME
and assist in identification of vital pelvic structures
including the ureters and autonomic nerves. Current
data suggests that laparoscopic rectal cancer resection
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Adjuvant therapy

The long term follow up of the European Organization
for Research and Treatment of Cancer trial 22921
that compared adjuvant 5-FU-based chemotherapy
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after neoadjuvant CRT has been postulated but longterm results and expanded experiences are pending.
Improved operative results with TME and the ongoing
experience with laparoscopic and robotic-assisted
techniques have also led to improved outcomes with
faster recovery. LE with TAE, TEM or TAMIS should
be performed selectively on T1 tumors with favorable
clinical and histopathologic features. Management of
rectal cancer can be complex and is optimized when
approached in a coordinated manner by an experienced
multidisciplinary cancer treatment team.

to no adjuvant treatment in patients with resectable
T3-4 rectal cancer, reported no beneficial effects
of adjuvant chemotherapy if the cancer did not
[96]
respond to preoperative radiation or CRT . The role
of intraoperative and postoperative radiation has
not been well studied and is limited to inadvertent
intraoperative tumor perforations or involved resec
tion margins if irradiation treatment was not given
[97-100]
preoperatively
.

Nonoperative treatment

Many studies have shown that neoadjuvant CRT is
associated with significant pathological downstaging
of rectal cancers, with up to 20% of patients having
[101-104]
pCR
. Despite an apparent complete luminal
and mural tumor response, up to 17% of tumors with
histologically confirmed pCR harbor disease in the
[105]
mesorectal lymph nodes
. Similarly, approximately
8% of patients with an apparent incomplete clinical
[106]
response have pCR
. The challenge remains to
identify those patients with a clinical complete response
who have a true pCR.
Habr-Gama and colleagues from Sao Paulo, Brazil
have pioneered the “watch and wait” approach where
they enroll patients with pCR into a strict surveillance
protocol without subsequent operative treatment. In
their most updated experience including 67 patients
with pCR, overall survival and disease-free survival rates
[107]
at 5 years were 96% and 72%, respectively . After a
mean follow-up of 65 mo, recurrences were observed
in 15 patients (21%). All endorectal recurrences were
amenable to salvage therapy.
Although the results of Dr. Habr-Gama’s non
operative group appear promising, these data should be
received with caution because others have shown that
greater than 80% of complete clinical responders will
[108,109]
recur locally within the first 10 mo of observation
.
This implies that the nonoperative approach may only
be appropriate for a subset of patients who have a
durable pCR after neoadjuvant CRT. It is likely that
combined radiological, biochemical and molecular
biological markers will be required to accurately predict
pCR as well as nodal status.
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Gene polymorphisms associated with functional dyspepsia
Anastasia Kourikou, George P Karamanolis, George D Dimitriadis, Konstantinos Triantafyllou

Abstract

Anastasia Kourikou, George D Dimitriadis, Konstantinos
Triantafyllou, Hepatogastroenterology Unit, Second Department
of Internal Medicine and Research Institute, Attikon University
General Hospital, Medical School, Athens University, 12462
Haidari, Greece

Functional dyspepsia (FD) is a constellation of functional
upper abdominal complaints with poorly elucidated
pathophysiology. However, there is increasing evidence
that susceptibility to FD is influenced by hereditary
factors. Genetic association studies in FD have ex
amined genotypes related to gastrointestinal motility
or sensation, as well as those related to inflammation
or immune response. G-protein b3 subunit gene
polymorphisms were first reported as being associated
with FD. Thereafter, several gene polymorphisms in
cluding serotonin transporter promoter, interlukin-17F,
migration inhibitory factor, cholecystocynine-1 intron
1, cyclooxygenase-1, catechol-o-methyltransferase,
transient receptor potential vanilloid 1 receptor,
regulated upon activation normal T cell expressed and
secreted, p22PHOX, Toll like receptor 2, SCN10A, CD14
and adrenoreceptors have been investigated in relation
to FD; however, the results are contradictory. Several
limitations underscore the value of current studies.
Among others, inconsistencies in the definitions of FD
and controls, subject composition differences regarding
FD subtypes, inadequate samples, geographical
and ethnical differences, as well as unadjusted
environmental factors. Further well-designed studies
are necessary to determine how targeted genes
polymorphisms, influence the clinical manifestations and
potentially the therapeutic response in FD.
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Core tip: Functional dyspepsia is a common disorder with
complex pathophysiology. Recent evidence has shown
that certain gene polymorphisms might be implicated
in its pathogenesis; however, results are inconsistent.
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American subjects, the presence of a first-degree
relative with abdominal pain or bowel problems
was significantly associated with the diagnosis of
either irritable bowel syndrome (OR = 2.3; 95%CI:
1.3-3.9) or dyspepsia (OR = 1.8; 95%CI: 1.05-3.0).
[24]
Gathaiya et al
showed that a positive family history
of abdominal pain (OR = 4.7, 95%CI: 1.5-14.9; P =
0.008) and indigestion (OR = 3.4, 95%CI: 1.0-11.5;
P = 0.04) were independently associated with FD
raising the possibility of a genetic component in the
disease, although shared environmental factors need
to be considered. On the contrary, one study of 986
twin pairs in the United States showed a genetic
contribution to gastro-esophageal reflux disease
(GERD) and irritable bowel syndrome (IBS), but not to
[25]
dyspepsia . However, this study was limited by the
inclusion of uninvestigated dyspeptics only.

Further studies are required to develop new data that
provide novel insights regarding the mechanisms of
genetic susceptibility in functional dyspepsia.
Kourikou A, Karamanolis GP, Dimitriadis GD, Triantafyllou K.
Gene polymorphisms associated with functional dyspepsia. World
J Gastroenterol 2015; 21(25): 7672-7682 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i25/7672.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i25.7672

INTRODUCTION
Functional dyspepsia (FD) is a common clinical co
ndition, up to 25% of the population experience
symptoms, characterized by the presence of one or
more of the following: epigastric pain or burning,
postprandial fullness, early satiation, with no anatomical
abnormality (detected by gastroscopy) to explain the
symptoms. These symptoms should be present for
the last three months with symptom onset at least
six months before diagnosis. Functional dyspepsia is
classified into postprandial distress syndrome (PDS)
and epigastric pain syndrome (EPS); however, these
[1-3]
two syndromes may overlap .
While FD pathophysiology is not yet well eluci
[4]
dated , several pathogenetic mechanisms have been
proposed, including gastric motility and compliance
dysfunctions (antral hypomotility, delayed or rapid
gastric emptying, impaired gastric accommoda
[5-9]
[10-14]
tion) , visceral hypersensitivity
, and psychosocial
[15-18]
disorders
. Moreover, evidence from randomized
controlled trials suggests that eradication of Helicobacter
pylori (H. pylori) leads to relief of dyspeptic symptoms
in some patients. At the same time, studies have failed
to confirm a temporal correlation between H. pylori
infection and FD or the relation between H. pylori and
[19-22]
FD subgroups
.
There is growing evidence that susceptibility to
functional gastrointestinal disorders is influenced
by hereditary factors. Genetic association studies in
patients with FD have investigated candidate genes
associated with G protein functions, inflammation
and immune response, gastrointestinal sensation
and control of adrenergic, serotonergic and cho
lecystokininergic functions; however, studies have
shown inconsistent results in different populations. The
results of currently available studies are summarized in
Tables 1 and 2.
The aim of this review is to provide insights and
critical appraisal on the existing evidence of certain
gene polymorphisms implicated in FD pathogenesis.

GENE POLYMORPHISMS AND
FUNCTIONAL GASTROINTESTINAL
DISORDERS
Evidence suggests that alterations in the brain-gut axis
functionality is the main mechanism related to motor
disorders, visceral hypersensitivity and autonomic
[26,27]
dysfunction
. Several neurotransmitters such as
serotonin 5-hydroxytryptamine (5-HT), substance
P, VIP and CCK participate in the regulation of this
axis. These mechanisms that affect both central and
peripheral levels of brain-gut interaction may be
influenced by genetic factors and some reports have
suggested that genes and substances involved in the
brain-gut axis might be the keys to unlock the mystery
[27,28]
of IBS pathogenesis
.
Certain gene polymorphisms encoding adrenergic,
serotonergic and opioidergic receptors, as well as genes
involving proteins with immunomodulatory and/or
neuromodulatory features have been investigated in
[29,30]
functional disorders
. These studies have highlighted
the importance of G-protein beta 3 subunit gene
(C825T), polymorphisms in the promoter region of the
serotonin reuptake transporter gene, cholecystokinin
receptor (CCKAR), and high-producer tumor necrosis
[31]
factor genotype in IBS . Genetic variation in the
NPSR1 gene, which encodes neuropeptide S receptor,
affects children’s predisposition to recurrent abdominal
pain (RAP), and the NPS-NPSR1 system which acts
along the gut-brain axis to regulate inflammation,
anxiety and nociception is suggested as a modulator
of intestinal function that may influence individual
risk for the development of functional gastrointestinal
[32]
disorders .
Candidate genotypes for FD have also been tested,
leading to inconsistent results in different populations.
GABARA6 genotypes have been associated with
susceptibility to stress and gastric acid secretion.
In a Chinese study, a positive correlation between

FAMILIAL AGGREGATION
[23]

Locke et al
reported familial aggregation in adults
with functional gastrointestinal disorders. Among 643
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Table 1 Genetic association studies in functional dyspepsia involving gene polymorphisms related to gastrointestinal motility or
sensation
Ref.

Study origin

Holtmann et al[39]

United States

Camilleri et al[40]

United States

STUDY A: 67/259
STUDY B: 56/112
41/47

The Netherlands

112/336

Tahara et al[41]

Japan

89/94

Oshima et al[43]

Japan

68/761

Shimpuku et al[44]

Japan

74/64

South Korea

102/148

Hwang et al[46]
Camilleri et al[40]
van Lelyveld et al[42]
Toyoshima et al[62]
Arisawa et al[63]
Park et al[45]
Hwang et al[46]
Arisawa et al[63]

South Korea
United States
The Netherlands
Japan
Japan
South Korea
South Korea
Japan

112/269
41/47
112/336
53/646
223/172
102/148
112/269
223/172

Camilleri et al[40]
van Lelyveld et al[42]
Mujakovic et al[69]

United States
The Netherlands

41/47
112/336
NA

Japan
United States
South Korea
United States
South Korea
Japan

91/93
41/47
112/269
41/47
112/269
124/119

Tahara et al[107]

Japan

109/98

Hwang et al[46]

South Korea

112/269

Arisawa et al[108]

Japan

297/345

Arisawa et al[108]

Japan

297/345

Arisawa et al[108]

Japan

297/345

Tahara et al[100]

Japan

91/94

van Lelyveld et al[42]

Park et al[45]

Tahara et al[68]
Camilleri et al[40]
Hwang et al[46]
Camilleri et al[40]
Hwang et al[46]
Tahara et al[73]

FD subjects/controls, Studied gene polymorphism

n

GNB3 C825T
(CC)
GNB3 C825T
(CC) or (TT)
GNB3 C825T
825T
GNB3 C825T
825TT
GNB3 C825T
825TT
GNB3 C825T
825CC
GNB3 C825T
825CC
GNB3 C825T
SERT-P(SLC6A4)
SERT-P(SLC6A4)
SLC6A45-HTTLPRL allele
SERT-P(SLC6A4)
SERT-P(SLC6A4)
SLC6A45-HTTLPR (S/S)
Pri-microRNA-325

5-HT1A, 5-HT2A, 5HT2C
HTR3A C178T
HTR3Ac-42C>T
HTR3Ac-42T
5HTR2A C 102T
a2a, a2c adrenoreceptor
a2a
CCK1, CCK promoter
CCK1R intron 779 T>C
CCK-1 intron 1
779T
TRPV1 G315C
315CC
TRPV1 G945C
CC
SCN10A
3218CC
SCN10A
2884A>G
SCN10A
3275T>5
COMT

Disease association
FD
Meal unrelated dyspepsia
FD
FD in H. pylori (-)
EPS
PDS with impaired gastric emptying and feeling of
hunger in FD
FD in children
No association
No association
No association
PDS
No association
No association
Inverse association with EPS in H. pylori (+)
FD
Interacts with SLC6A4 in increasing susceptibility
to FD, especially in H. pylori (-)
No association
No association
Severe FD
No association
No association
No association
No association
No association
PDS in males
Inverse association with FD, EPS, PDS, H. pylori (+)
Inverse association with FD, PDS, EPS especially in
H. pylori (+)
Inverse association with FD
Inverse association with FD, EPS, PDS especially in
H. pylori (-)
Inverse association with FD,
EPS, PDS especially in H. pylori (-)
FD

FD: Functional dyspepsia; EPS: Epigastric pain syndrome; PDS: Postprandial distress syndrome.

[35,36]

is predictive of diminished G-protein activation
.
Studies have shown an association between GNB3
[37]
status and depression , altered activation of α2[36]
adrenoreceptors
and increased immune cell
[38]
activation . The altered signal transduction related to
the CC or TT allele may contribute to the abnormalities
in gastroduodenal sensory and motor function
observed in FD.
[39]
Holtmann et al
suggested, for the first time,
a role for the homozygous 825CC GNB3 genotype
in dyspepsia in Caucasians. Blood donors with
gastrointestinal symptoms and two different clinic-

GABARA6 genotypes and functional heartburn provides
an insight into the contribution of genetic factors to
[33]
disease development .

G-protein b3 subunit gene polymorphism (C825T)

G-proteins are important in stimulus-response
coupling of almost 80% of membrane receptors
[34]
that are linked to intracellular effector systems .
G-protein B3 (GNB3) subunit gene polymorphism
(C825T) is related to alternative G-protein activity
and signal transduction. The 825T allele is associated
with enhanced G-protein activation, while the C allele
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Table 2 Genetic association studies in functional dyspepsia involving gene polymorphisms related to inflammation or immune
response
Ref.

Study origin

FD subjects/
controls, n

Studied gene polymorphism

Disease association

Tahara et al[78]
Arisawa et al[82]

Japan
Japan

108/99
90/188

No association
EPS, especially in H. pylori (+)

Arisawa et al[82]
Arisawa et al[82]

Japan
Japan

90/188
90/188

Tahara et al[86]

Japan

134/112

Tahara et al[94]

Japan

111/106

Japan
Japan
Japan
South Korea

111/106
89/95
87/185
89/180

CD 14
MIF G173C
173C
IL-17A
IL17F
7488T
RANTES promoter C-28G
G carrier
TLR2
-196 to -174
MBL2
C242T p22PHOX
COX-1
NOS
T allele

Tahara et al[94]
Tahara et al[95]
Arisawa et al[96]
Park et al[99]

No association
EPS in H. pylori (+)
Reduced risk for PDS, especially in H. pylori (+)
Inverse association with FD and PDS in H. pylori (+)
No association
Inversely related to FD in H. pylori (+)
EPS in females
FD

FD: Functional dyspepsia; EPS: Epigastric pain syndrome; PDS: Postprandial distress syndrome.

based groups of patients with dyspepsia showed an
association between homozygous 825C carrier status
and unexplained upper abdominal complaints (OR = 2.2,
[40]
95%CI: 1.4-3.3). Furthermore, Camilleri et al showed
that meal-unrelated dyspepsia was associated with the
homozygous 825 T or C alleles of GNB3 protein in a
United States community study. In this study, DNA was
extracted from 41 dyspeptic patients and 47 healthy
controls. Homozygous C genotype was identified
in 67% of meal-unrelated dyspeptics vs 43% of
controls, and homozygous T genotype in 20% of mealunrelated dyspeptics and 3% of controls. On the other
[41]
hand, a Japanese study
with 89 dyspeptic and 94
asymptomatic individuals concluded that homozygous
GNB3 825T status was associated with dyspepsia in
the absence of H. pylori infection (CC vs TT, OR = 5.73,
95%CI: 1.27-25.82; CC vs others, OR = 3.08, 95%CI:
1.02-9.25 after adjustment for sex and age). van
[42]
Lelyveld et al
reported that T allele carriers of GNB3
C825T polymorphism were associated with dyspepsia
(OR = 1.60, 95%CI: 1.03-2.49) in a population study in
the Netherlands that enrolled 112 FD patients and 336
sex- and age-matched controls. Furthermore, Oshima
[43]
et al showed that the homozygous 825T allele status
influences the susceptibility to epigastric pain syndromelike dyspepsia (OR = 2.00, 95%CI: 1.07-3.76, adjusted
for gender and age) in a population of 68 dyspeptics
and 761 controls. However, no significant relationship
was found between GNB3 polymorphism and PDS[44]
like symptoms. On the contrary, Shimpuku et al
detected a significant relationship (P = 0.045) between
GNb3 825CC genotype and PDS in 74 FD patients with
impaired gastric emptying compared to 64 controls.
GNb3 825CC genotype was also significantly associated
(P = 0.0485) with a feeling of hunger compared with
the other GNb3 825 genotypes. Furthermore, Park et
[45]
al
reported that the CC genotype of GNB3 C825T

WJG|www.wjgnet.com

may be associated with FD and diarrhea-predominant
[46]
IBS in Korean children. However, Hwang et al , found
no association between this genotype and FD in another
Korean study.
These contrasting observations might be explained
by the different genotypic composition of populations
in different countries and different racial groups.
The frequency of 825TT allele seems to be higher in
Japanese subjects than in Caucasians. In addition,
the definition of FD or sample selection may also
affect the outcome and may at least partially explain
the differences detected in the aforementioned two
[45,46]
Korean studies
. Moreover, the effect of type Ⅱ
error cannot be excluded in relatively small sample
sizes. Conclusively, even though the association
between GNB3 C825T polymorphism and FD has
been investigated by various studies, its role in FD
pathogenesis is not yet clear.

Genes of the serotonergic system

Serotonin transporter protein (SERT or SLC6A4):
Serotonin (5-HT) is a brain neurotransmitter linked to
the development of migraine, depression and other
neuropsychiatric disorders. 95% of the body’s serotonin
is found in the gut, synthesized in enterochromaffin
cells and this hormone affects motor and sensory
[47]
functions in the GI tract
due to seven subclasses of
5-HT receptors, differentiated on the basis of molecular
[48]
mechanisms, structure and function . The action of
5-HT in the gut is terminated by reuptake via the 5-HT
transporter (SERT) which is encoded by a single gene
[49]
on chromosome 17q11 composed of 14 exons . There
is a 44-bp insertion/deletion in the 5′-flanking promoter
region which generates a short and a long allele. The
short (S) allele of SERT gene has been implicated with
lower transcriptional efficiency and lower reuptake of
[50]
serotonin than the long allele (L) .
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Several studies have investigated the relationship
between SERT polymorphisms and both behavioral and
[51-55]
[56-61]
psychological disorders
, and IBS
. Few studies
have investigated the association between the SERT
gene and FD. Among these studies, no significant
association was detected in studies from the United
[40]
[42]
States
and the Netherlands . On the contrary, in
[62]
a Japanese study
that included 53 dyspeptics and
646 controls, the SERT L carriers were at increased
risk of PDS (OR = 2.32, 95%CI: 1.23-4.37) compared
to the SS genotype, when adjusted for sex and age.
[63]
However, in another larger Japanese study , neither
SLC6A4 -185 A>C nor 463 G>T was associated with
susceptibility to FD. However, the authors found that
the rs5981521 T allele in pri-miR-325, targeting
the SLC6A4 3’-untranslated region (UTR) was a risk
factor for the development of FD, especially in H.
pylori negative patients. This allele also interacts with
SLC6A4 polymorphisms in increasing susceptibility to
dyspepsia in Japan. At the same period, a study from
[45]
Korea showed that polymorphisms of the 5’-flanking
controlled SERT gene linked polymorphic region (5HTTLPR) gene were not associated with FD in Korean
[46]
children. In another Korean study that recruited 112
FD patients and 269 controls, the frequency of S/S
genotype of SLC6A4 5-HTTLPR polymorphism, was
significantly lower than that of L/L + L/S genotype in
FD compared to controls (P < 0.05). After stratification
according to H. pylori infection status, the S/S
genotype was protective for EPS subtype in H. pyloripositive patients compared to controls (adjusted OR
0.46; 95% CI 0.22-0.99; P = 0.048).

homozygous for the long (L) variant of the 5-HTTLPR
genotype (OR = 2.00, 95%CI: 1.01-3.94); females
with 5-HTTLPR LL genotype showed the strongest
association (OR = 3.50, 95%CI: 1.37-8.90).

Genotypes altering adrenergic and cholecystokininergic
functions

Adrenergic agents, mainly a2 agents, affect motor
and sensory function of the human gastrointestinal
tract. Three α2 adrenoceptor (AR) subtypes have been
identified: 2A, 2B and 2C. Prejunctional α2A- and α2Cadrenoreceptors contribute to a negative feedback
regulation of norepinephrine release from sympathetic
nerves. Genetic disorders of α2 mechanisms can
influence functions such as intestinal motility and pain
[70,71]
sensation, as well as anxiety and somatization
.
Cholecystokinin (CCK) is a hormone secreted
after meal ingestion and signals satiation through
peripheral or central actions. CCK receptors found
in the gastrointestinal tract and the central nervous
system also influence gastric emptying and accom
modation, while they regulate satiety via the same
[72]
connections .
[40]
Camilleri et al
detected no association between
polymorphisms of candidate genes for α2A, α2C
adrenoreceptors or CCK-1 receptors and CCK promoter
[46]
with FD. In addition, Hwang et al , also found no
significant association between ADRA2A- 1291C>G or
CCK-1R intron 779T>C with dyspeptic symptoms. In
contrast to the aforementioned observations, Tahara
[73]
et al suggested that Japanese male 779 T carriers of
CCK-1 intron 1 are exposed to a higher risk of PDS.

5-HT receptor genes: Of special interest among
[48]
is 5-HT3
the seven subclasses of 5-HT receptors
receptor, as 5-HT3 receptor antagonism leads to a
reduction in dyspeptic symptoms and anxiety relief.
It is present in central nervous system and enteric
neurons, as well as in the mucosal terminals of
extrinsic primary afferents. Five different subunit
genes have been identified for this receptor, termed
A-E; the 5-HT3A subunit being the most important in
[64-67]
the receptor formation
.
Very few studies have investigated the association
between genes controlling serotonergic functions
[40]
and FD. Camilleri et al
found no association for
[42]
5-HT1A, 5-HT2A, 5-HT2C, while van Lelyveld et al
did not reveal any association between HTR3A C178T
[68]
polymorphism and FD. In addition, Tahara et al
suggested that 5-HT2A receptor T102C polymorphism
is unlikely to be associated with susceptibility to
dyspeptic symptoms. On the contrary, a study in a
[69]
Caucasian population of 592 dyspeptics
showed
that HTR3A c.-42T allele carriers of HTR3A c.-42C>T
Single Nucleotide Polymorphism were more prevalent
in patients with severe dyspepsia (OR = 1.50, 95%CI:
1.06-2.20). This association appeared to be stronger in
females (OR = 2.05, 95%CI: 1.25-3.39) and patients

WJG|www.wjgnet.com

Genes associated with inflammation or immune
response

CD14: CD14 mediates the inflammatory response
in the first line of host defense by recognition of
Lipopolysaccharide, a main component of the outer
[74]
cell wall of H. pylori . Soluble CD14 levels tend to be
higher in H. pylori positive than in H. pylori negative
[75]
patients . In addition, FD patients with extensive
gastric mucosal inflammation accompanied by a high
[76]
density of H. pylori show increased CD14 expression .
The TT genotype of the CD14 C-159T polymorphism
has been related to high density of the CD14 receptor
[77]
and high soluble CD14 levels . Due to the important
role of CD14 in inflammation, polymorphisms in
the CD14 gene promoter may influence gastric in
[78]
flammation and susceptibility to FD. Tahara et al
investigated the association between CD14 promoter
C-159T polymorphism and FD among 108 dyspeptic
and 99 non-dyspeptic Japanese individuals. They
suggested that this CD14 polymorphism is not
associated with dyspepsia, while there was a weak
correlation between TT genotype and PDS in male
patients. There has been no study so far in Caucasians
investigating the association between CD14 gene
polymorphisms and FD.
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Macrophage migration inhibitory factor: Macro
phage migration inhibitory factor (MIF), isolated
from T lymphocytes, inhibits the random migration
[79]
of macrophages . MIF is an important regulator of
innate immunity both directly and via stimulation of the
expression of proinflammatory cytokines by immune
[80]
cells . Polymorphisms (G-173C and -794 CATT)
identified in the MIF gene promoter, were correlated
with alteration of MIF genes transcription levels in
vitro. It seems that MIF also plays a significant role in
[81]
inflammation related to H. pylori infection . A study
[82]
from Japan
examined the association between MIF
gene polymorphisms and FD. Investigators showed
that MIF-173C allele carriers were at significantly
increased risk of developing epigastric pain syndrome;
this association being more prominent in H. pylori
infected subjects.

that TLR2 -196 to -174 del carrier status, but not MBL2
codon 54 G/A, was inversely related to the risk of PDS
in H. pylori-infected subjects.
C242T p22PHOX: Superoxide has been associated
with the pathogenesis of H. pylori-related diseases
through induction of inflammation. Nicotinamide ade
nine dinucleotide phosphate oxidase, a major source
of superoxide plays a crucial role in H. pylori gastritis.
[95]
Tahara et al did not identify any significant association
between C242T polymorphism of p22PHOX, an essential
component of nicotinamide adenine dinucleotide
phosphate oxidase and FD. However, C242T carriers
were at lower risk of developing FD in the sub-group of H.
pylori-infected patients.
Cyclooxygenase-1: Cyclooxygenase (COX) is the
key enzyme in the conversion of arachidonic acid to
prostaglandins (PGs), which are implicated in many
physiological gastric processes and contribute to
gastrointestinal integrity. There is only one study
investigating COX-1 genotypes and dyspepsia. Arisawa
[96]
et al
revealed that T-1676C polymorphism in the
COX-1 gene promoter was significantly associated with
the development of EPS in female subjects.

Interleukin-17: Interleukin-17 (IL-17) family mem
bers coordinate local tissue inflammation by inducing
the release of proinflammatory and neutrophilmobilizing cytokines. Furthermore, IL-17A and -17F
function in a similar way: they are involved in the
[83]
recruitment and activation of neutrophils . On the
[82]
basis of this pathophysiology, Arisawa et al
revealed
that polymorphisms of the IL-17A and IL-17F genes
were not related to FD susceptibility, overall. However,
the IL-17F 7488T allele was positively associated with
developing EPS in H. pylori infected subjects.

Nitric oxide synthase: Nitric oxide (NO) is a major
neurotransmitter that mediates gastric accommodation
[97]
or relaxation and meal-induced satiety . Therefore,
it has been postulated that impairment of this system
can lead to FD. There are three different NOS isoforms:
neuronal NOS (nNOS), inducible (iNOS), and endothelial
[98]
NOS (eNOS) . In the only available study of FD, Park
[99]
et al
suggested that the genotype frequencies of
eNOS and iNOS were not significantly different between
FD patients and controls. However, the nNOS gene
polymorphism was associated with susceptibility to FD
and influences satiation in dyspeptics.

RANTES promoter: RANTES is a powerful chemo
[84]
tactic agent for T lymphocytes and monocytes
contributing to the inflammatory response in H. pylori
[85]
gastritis . The effect of RANTES promoter C-28G
polymorphism on the risk of functional dyspepsia
has been investigated in 134 dyspeptic and 112 non[86]
symptomatic Japanese subjects . Although the
frequency of RANTES promoter polymorphisms did
not differ among dyspeptics and controls, overall, a
significant association was revealed between G carriers
and a reduced risk of PDS; this association being more
prominent in H. pylori positive subjects.

Catechol-o-methyltransferase gene

Catechol-o-methyltransferase (COMT) is an important
enzyme in the brain-gut axis regulating pain sensitivity,
and the presence of COMT gene val158met has been
[100]
associated with dyspepsia .

Toll like receptor 2 and mannan-binding lectin
genes: Toll like receptor 2 (TLR2) and mannan-binding
lectin (MBL) protein play significant roles in innate
[87]
immune system activation . It was reported that
TLR2 is expressed in gastric epithelial cells infected
[88]
by H. pylori . MBL activates complement and also
[89,90]
functions as an opsonin
.
The expression of MBL in the mucosa is up-regulated
[91]
in H. pylori-related gastric mucosa inflammation and
two studies reported a possible association between
MBL2 haplotype and susceptibility to H. pylori infection,
[92,93]
as well as an increased risk of gastric malignancy
.
With regard to FD, absence of the correlation between
TLR2 -196 to -174 del and MBL2 codon 54 G/A
polymorphisms and the syndrome has been shown in
[94]
a Japanese population . However, it was suggested
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Capsaicin/vanilloid receptor (transient receptor potential
vanilloid 1 receptor)

TRPV1 receptor is expressed in the gastrointestinal
tract, and is a member of the sensory ion channel
superfamily. Studies using capsaicin provide evidence
that TRPV1 regulates gastrointestinal sensation.
Capsaicin administration into the alimentary tract
[101]
[102]
causes pain in humans
and mice
. Hammer et
[103]
al
suggested that capsaicin application produces
symptoms originating from the upper abdomen; being
more severe in FD. Continuous capsaicin desensitization
has also been reported to be beneficial in patients
[104]
with FD
. Capsaicin suppresses gastrointestinal
hyperalgesia by desensitization/inactivation and
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[105]

downregulation of TRPV1
, indicating that the
up-regulation of TRPV1 may be implicated in the
pathogenesis of FD.
G315C gene polymorphism alters TRPV1 protein
levels and the variant 315C of TRPV1 G315C increases
TRPV1 mRNA and protein expression and results
[106]
in maximal response to capsaicin
. However, a
significant inverse association was detected bet
ween TRPV1 315CC genotype and FD, EPS, PDS
[107]
and H. pylori positive FD in Japan
. Furthermore,
a significant inverse correlation between C carrier of
TRPV1 945G>C polymorphism status and PDS has
been detected and C/C genotype H. pylori-positive
[46]
subjects were at reduced risk of EPS .

susceptibility to FD in the presence of exogenous
factors, such as H. pylori infection. Studies investigating
possible associations between FD and genotypes related
to gastrointestinal motility and sensation, as well as
to inflammation or immune response are limited by
several caveats and they have reached inconclusive
results. Properly designed, multicenter, adequately
powered, worldwide conducted studies enrolling well
defined disease subjects and controls are warranted to
investigate potential associations between pre-specified
gene polymorphisms and FD. The results of such studies
may shed light on the pathogenesis of the syndrome
and may potentially lead to genetic diagnostic tools and
ultimately to novel therapeutic options for FD.
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REVIEW

Primary biliary cirrhosis: Clinical and laboratory criteria for
its diagnosis
Vasiliy Ivanovich Reshetnyak
unknown so far, there has been a considerable body
of scientific evidence that can reveal the clinical and
laboratory signs of PBC and the individual components
of its pathogenesis and elaborate diagnostic criteria for
the disease and its symptomatic therapy. Deficiencies
in autoimmune tolerance are critical factors for the
initiation and perpetuation of the disease. The purpose
of this review is to summarize the data available in
the literature and the author’s findings on clinical and
laboratory criteria for the diagnosis of PBC. This review
describes the major clinical manifestations of the disease
and the mechanisms of its development. It presents the
immunological, biochemical, and morphological signs of
PBC and their significance for its diagnosis. A great deal
of novel scientific evidence for the problem of PBC has
been accumulated. However, the inadequate efficiency
of therapy for the disease lends impetus to the quest
for its etiological factors and to further investigations
of its pathogenetic mechanisms and, on this basis, to
searches for new methods for its early diagnosis.
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Core tip: Primary biliary cirrhosis is a chronic autoimmune
cholestatic liver disease. This review summarizes current
literature data and our own experiences on clinical and
laboratory criteria for the diagnosis of primary biliary
cirrhosis. Thanks to advances in biochemistry, molecular
biology and genetics, it became possible to present these
data with regard to the pathophysiological mechanisms
of their development.

Abstract
Primary biliary cirrhosis (PBC) is a chronic progressive
cholestatic granulomatous, and destructive inflammatory
lesion of small intralobular and septal bile ducts, which is
likely to be caused by an autoimmune mechanism with a
the presence of serum antimitochondrial antibodies and
a potential tendency to progress to cirrhosis. Despite
the fact that the etiology of this disease has been
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the global prevalence rates range between 6.7 and 402
[3,5,6,20-24]
cases per million persons
. A study conducted
[25]
by Gershwin et al
indicated that having a firstdegree relative with PBC was significantly associated
with increased risk of PBC, with an odds ratio of 10.7.
This is supported by the high concordance rate of PBC
among first-degree relatives and homozygous twins
[26,27]
(approximately 60%)
. A pairwise concordance
rate of 0.63 for PBC in monozygotic twin pairs has
been published, which is one of the highest reported in
[28]
autoimmunity . Specifically, the high concordance for
PBC in monozygotic twins, family clustering, and female
predominance suggest that genetic factors may play an
[29-31]
important role in the development of PBC
.
PBC is a typical female disease that occurs from
[32,33]
40-60 years of age
. Much less is logged PBC in
[34,35]
persons under the age of 25 years
. There is a high
female:male incidence ratio (8:1), with suggestions
of a significant role for X chromosome defects in PBC,
based on the observation that women with PBC have
a significantly enhanced monosomy X frequency in
peripheral white blood cells compared to age-matched
[36]
healthy women
and that the X chromosome loss is
[37]
preferential . Smoking behavior, age at menarche,
age at first pregnancy, gravidity, and number of
children were not significantly different between PBC
[15]
cases and controls .

full/v21/i25/7683.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i25.7683

INTRODUCTION
Primary biliary cirrhosis (PBC) is a chronic auto
immune cholestatic liver disease characterized by
a striking female predominance, high-titer serum
antimitochondrial autoantibodies (AMAs), diseasespecific antinuclear autoantibodies (ANAs), and an
autoimmune-mediated progressive granulomatous
destruction of small and medium-sized intralobular
and septal intrahepatic bile ducts, leading to cirrhosis
[1-5]
and ultimately liver transplantation or death
.
Deficiencies in autoimmune tolerance are critical factors
[6]
for the initiation and perpetuation of the disease .
Immunologically, PBC is distinguished by immunemediated destruction of the intrahepatic bile ducts
and the presence of high-titer antimitochondrial
[3]
autoantibodies directed against a highly specific
epitope within the lipoic acid binding domain of the
[7]
pyruvate dehydrogenase E2 subunit (PDC-E2) . The
[6]
natural history of the disease is 10 to 20 years .
According to the presence or absence of cirrhosis,
the mean survival was 9.17 years (95%CI: 6.79-11.56)
and 10.7 years (95%CI: 9.27-12.14), respectively (P
[8]
= 0.03) . Mortality from PBC is 2.2% of all deaths due
[9]
to liver cirrhosis .

History of PBC

Etiology and pathogenesis of PBC

[10]

In 1851, Addison et al
were the first to observe an
association of skin changes with liver disease in women.
Elevated serum cholesterol levels in these patients and
the presence of cutaneous xanthelasmas served as a
basis for employing the term “xanthomatous biliary
[11,12]
cirrhosis” to denote this disease
. Almost 100 years
ago, its clinical picture was described in detail and the
[11,12]
term “primary biliary cirrhosis” was offered
. In
1965, a group of morphologists under the supervision
of H. Popper proposed the term “chronic non-purulent
[13]
destructive cholangitis” .

Epidemiology of PBC

PBC is encountered in all parts of the world among
[14,15]
people of all races and nationalities
. No differences
were observed in the geographical distributions
[15]
of the disease . According to different authors,
the prevalence of PBC is 4-14 cases per 100000
[15-17]
population
. PBC is mostly found in patients in
Northern Europe, the United Kingdom, and the northern
United States. The prevalence of familial PBC was
[18]
later reported to be 6.4% in United Kingdom , and
between 3.8% and 9.0% in a number of studies from
[5]
North America, Europe, and Japan . In Asia, Japan is
the only country with a known prevalence of PBC, at
[19,20]
27-54 per million
. The annual incidence rates range
between 0.7 and 49 cases per million persons, while
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[1,38]

The etiology of PBC is still unknown
. Currently,
it is believed that PBC is likely to be triggered by a
combination of environmental factors, including infection
[2,7]
in a genetically susceptible individual . Many authors
regard the disease as impaired immunoregulation
with a loss of tolerance of histocompatibility antigenenriched tissues. PBC is characterized by T-cell-mediated
[39]
destruction of small bile duct epithelial cells . This
leads to ductulopenia and persistent cholestasis, by
developing end-stage hepatic-cell failure. Recent data
point towards apoptosis as a leading mechanism
[40]
for ductopenia . The loss of bile ducts leads to
decreased bile secretion and the retention of toxic
substances within the liver. This results in further
hepatic damage, fibrosis, cirrhosis, and eventually liver
[35]
failure . A vital question in the pathogenesis of PBC
is why biliary epithelial cells (BECs) in particular are
the primary target of disease despite the ubiquitous
presence of the pyruvate dehydrogenase complex
[39]
(PDC) autoantigen in all tissue cells . How and why
the bile ducts are involved in this process remains
[41,42]
[43]
unknown. Viruses
, bacteria, xenobiotics , and
human immunoregulatory defect may be possible
PBC triggers that initiate the immunopathological
cascade. Infection, either viral or bacterial, can either
directly induce BEC apoptosis or more probably trigger
an immune attack on epithelial cells as a result of
[28]
molecular mimicry . Initiating mimotopes of the
vulnerable epitope of the E2 subunit of the pyruvate
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Table 1 Classification of the clinical course of primary biliary cirrhosis
Clinical classification
Ref.

Clinical stages
[44]

Sasaki et al , 1985
Poupon[45], 1991

Asymptomatic stage
Preclinical, asymptomatic stage

Itching stage
Clinical stage

End-stage
-

activity of gamma-glutamyltransferase (γ-GT), alkaline
phosphatase (ALP), 5’-nucleotidase (5’-NT), and leucine
aminopeptidase (LAP). The level of serum cholesterol
and aminotransferases in this period are within normal
limits. Morphological examination of liver biopsy
specimens allows a diagnosis of one of the stages of
PBC. The signs of hepatocellular insufficiency or those of
portal hypertension and their complications (esophageal
varices, ascites, hepatic encephalopathy and others)
[46]
occur only in the advanced stages of the disease .
[47]
Il’ichenko et al
identify the following course
options PBC: (1) Asymptomatic PBC (10.9%); (2)
AMA-positive (classical) PBC (85.4%). It is charac
terized by the typical clinical manifestations of the
disease, such as skin itching and jaundice, by the
biochemical signs of cholestasis and serum AMAs at
diagnostic titers of higher than 1:40; (3) АМА-negative
PBC (14.6%). It is characterized by decreased
biochemical and immunological activities and the lower
frequency of extrahepatic manifestations, which has
no impact on the prognosis of liver cirrhosis and the
time of its progression; and (4) PBC-autoimmune
hepatitis (AIH) overlap-syndrome (PBC/AIH) (9.4%);
Patients are observed to have simultaneously signs of
PBC and AIH (those of cholestasis and cytolysis and
the presence of autoantibodies (antimitochondrial,
antinuclear, anti-smooth muscle autoantibodies); their
liver biopsy specimens exhibit the morphological signs
of non-purulent destructive cholangitis, as well as
bridging necroses and plasma cells.

dehydrogenase comple (PDC-E2) autoantigen can be
derived from microbes that utilize the PDC enzyme
or, alternatively, environmental xenobiotics/chemical
compounds that modify the structure of native proteins
to make them immunogenic. A further alternative as
a source of antigen is PDC-E2 derived from apoptotic
cells. In the effector phase the biliary ductular cell, by
reason of its proclivity to express the antigen PDC-E2
in the course of apoptosis, undergoes a multilineage
+
+
immune attack comprised of CD4 and CD8 T cells
[39]
and antibody . The liver can encounter a number of
pathogenic microorganisms and their by-products from
[28]
the gut by acting as a traffic hub. Kouroumalis et al
propose a pathogenetic model for PBC, which plays an
important role in primary dysfunction of endothelial
cells overproducing endothelin-2.
The pathogenesis of PBC involves environmental
factors, genetic predisposition and loss of immune
[6]
tolerance . In recent years, it has become univocally
accepted that an inappropriately activated immune
response is one of the most important factors in
PBC. A number of models for the disease have been
proposed to systematize the ideas on its development
[1,28,39]
mechanisms
. However, the existing concepts
of PBC cannot fully explain the specificity of biliary
epithelial injury, the expression of mitochondrial
PDC-E2 of bile duct epithelial cells as autoantigens,
and the higher prevalence of this disease in women
than men (9:1).

Clinical course of PBC

The main clinical signs of PBC and its complications

A few classifications of PBC have been proposed
according to its clinical course (Table 1).
The development of PBC is preceded by a long
asymptomatic period. The wide use of computer-aided
screening biochemical and immunological studies has
significantly increased the detection of asymptomatic
patients. In this period, there are generally no physical
signs of PBC, at the same time anti-mitochondrial
autoantibodies are detectable in the serum of vir
[1]
tually all patients (95%) . The fact that AMAs are
detectable many years before PBC manifests itself is
indicative of their primary immunopathological role
rather than a secondary phenomenon that occurs in
the presence of cholestasis. The production of AMAs
is not an epiphenomenon, and an understanding of
the mechanism of AMAs induction will shed light on
the etiology of PBC. The clinical manifestations of
PBC may mask those of other diseases. The blood
of PBC patients shows a moderate increase in the
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Stage of jaundice
End-stage

Weakness, fatigue, daytime somnolence; Pruritus;
Weight loss; Xanthelasma; Skin hyperpigmentation;
Jaundice; Hepatomegaly and less - splenomegaly;
Malabsorption syndrome; Osteodystrophy, oste
oporosis; Cholelithiasis; Extrahepatic manifestations of
autoimmune nature.

Weakness, fatigue, daytime somnolence, pruritus

Primary biliary cirrhosis is latent and oligosymptomatic
[48,49]
disease for many years
. The disease begins quietly
and is long manifested only by weakness, malaise,
fatigue, daytime somnolence and/or low working
efficiency.
Fatigue and pruritus are the most common symptoms
of PBC, but the majority of patients are asymptomatic
[50]
at first presentation . Fatigue is considered to be a
[51,52]
specific manifestation of PBC
. The pathogenesis of
fatigue in PBC is unclear, but preliminary studies suggest

7685

July 7, 2015|Volume 21|Issue 25|

Reshetnyak VI. Clinical and laboratory diagnostic criteria for PBC
it has central mechanisms and may have peripheral
[53]
manifestations . Comorbidities and depression might
[52]
have played a role in its pathogenesis . The asthenic
sign of PBC is more pronounced than that of other
chronic liver diseases.
The leading and early pathognomonic symptom of
PBC is the appearance of skin itching that may be the
only manifestation of the disease within a few months
and even few years. The skin shows multiple scratched
traces that further display hyperpigmentation portions.
The itching is characterized by extension (local or
systemic), degrees (moderate or severe), and duration
(persistent or transient). Itching may be excruciating,
may seriously impair quality of life and even induce
[54]
suicidal ideation in the most severe cases . Itching
is more marked at night and frequently enhanced in
contact with fabrics and also in warmth.
Itching is not relieved with symptomatic (anti
histamine, sedative) agents; it often causes excruciating
insomnia, emotional changes, and depression. Poor
sleep at night leads to daytime somnolence, chronic
[33]
fatigue and reduced ability to work. Durazzo et al
indicate that female sex hormones may cause con
stitutional symptoms (malaise, anorexia, weight loss,
and fatigue). The patients frequently seek the advice of
a dermatologist, an allergist, or a neurologist.
The molecular mechanism of itch signal transduction
in cholestasis is largely unclear. It may be caused or
potentiated by compounds that accumulate in the
[54]
circulating blood during cholestasis . Increased
[1]
concentrations of bile salts , histamine, female steroid
[33]
hormones and their metabolites , endogenous
[55-57]
opioids, and lysophosphatidic acid (LPA)
have been
controversially discussed as potential pruritogens in
[58-60]
cholestasis
. Fatigue, pruritus, and Sjögren’s syndrome
are more common in women than men, but other
[61]
signs and symptoms do not differ in the two sexes .
Females experience pruritus as a single symptom more
often than males. It has been suggested that female
[33]
sex hormones may be linked with pruritus .
It has been suggested that opiates and their
receptors are involved in the development of itchy
skin in cholestatic liver diseases. Excessive amount of
endogenous lipophilic bile acids are likely to promote
the release of so far unknown substances that stimulate
opioid receptors. There are data on the use of opiate
[62]
agonists to alleviate itching .
It has been assumed that retention of bile salts,
with their deposition in the skin, is related in some way
to the development of the pruritus. This assumption
is confirmed by two facts: (1) Purified bile acids have
[63]
produced itch when injected into the skin ; and (2)
The bile salt binding agent cholestyramine effectively
relieves the itch of cholestasis, and concomitantly
lowers serum bile salt concentrations. The poor
correlation between serum bile salt concentration
and pruritus may thus be due to variation in bile salt
[63]
composition . The various bile salts might differ
in their ability to provoke pruritus. Unconjugated
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bile acids were found to be more pruritogenic than
conjugates, and the dihydroxy bile salts (particularly
unconjugated chenodeoxycholate) are more effective
[63]
pruritogens than the trihydroxy (cholic acid) salts .
50%-85% of unconjugated bile acids and less than
20% of sulfate esters are detected in the skin of
[64]
PBC patients . Large differences in the retention of
either sulfated or nonsulfated fractions could correlate
with pruritus. The intensity of itching may depend on
the ratio of sulfated (conjugated, glucuronized) and
nonsulfated (unconjugated, nonglucuronized) bile cells
accumulating in the skin of PBC patients.
Most recently, novel itch-specific neuronal pathways,
itch mediators and their relevant receptors have been
[55]
identified . Screening plasma samples of a large group
of patients with various cholestatic conditions revealed
[57]
LPA as the active itchy compound . LPA is a very
potent signaling lipid that can activate cells through
various LPA receptors. Subsequently, authors could
demonstrate that cholestatic patients with pruritus
have highly elevated levels of serum autotaxin (ATX),
the enzyme that converts lysophosphatidylcholine into
[54,57]
LPA
.
[59]
Kremer et al
highlight that increased serum
ATX levels are specific for pruritus of cholestasis, but
not pruritus of uremia, Hodgkin’s disease, or atopic
[57]
dermatitis. Oude Elferink et al hypothesize that during
cholestasis, expression of ATX is induced and gives rise
to increased local formation of LPA near demyelinated
nerve endings of itch fibers. LPA then activates these
neurons through one of the LPA receptors, which in turn
[54,57]
potentiates action potentials along itch fibers
.
Serum autotaxin activity correlates with pruritus
intensity, but its causal relationship, expression pattern
and exact mode of action during cholestasis remain to
be established.
Analysis of available scientific data may suggest
the following hypothetical scheme of the mechanism
responsible for developing skin itching in patients with
PBC (Figure 1).
In a small number (8.6%) of patients, itching may
be absent in the whole period of the disease practically
[47]
until terminal complications develop .
Varying skin changes are observed. Skin elasticity
loss and dryness, scratching traces, hyperpigmentation,
xanthomas, and xanthelasmas engage attention when
examining patients with PBC.

Skin hyperpigmentation in PBC
[65]

According to Sherlock et al , skin hyperpigmentation
is due to excessive melanin biosynthesis in the
melanocytes. Its initial reaction is catalyzed by the
copper-containing enzyme tyrosinase. According to
one of the hypotheses, elevated serum copper levels
in patients with PBC may lead to the enhanced activity
of a tyrosinase reaction and the increased biosynthesis
of melanins whose skin deposition does induce
[66]
hyperpigmentation . Copper accumulation imparts a
bronzish color to the skin.
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Primary biliary cirrhosis
(nonsuppurative destructive cholangitis)
Emptying of ductules (ductulopenia)
Reflux bile in blood

Accumulation of bile acids in hepatocytes

Accumulation of bile acids in blood

Increased biosynthesis of cholesterol and
phospholipids (for inactivation of bile acids)

Dermal excretion of bile acids and
lysophosphatidic acid
Increased formation
of lysophosphatidic acid

Blood accumulation of cholesterol and
phospholipids (for inactivation of bile acids)

Induction of serum autotaxin expression

Deposition of bile acids and
lysophosphatidic acid in derma
Irritant effect of
bile acids on the
nerve endings

Demyelination of dermal
nerve endings by bile
acids

Lysophosphatidic acid activation of
demyelination nerve endings

Skin itching

Figure 1 Scheme of mechanism of development of pruritus in primary biliary cirrhosis.

stages, jaundice is generally undulating. Later on,
occur its steady progression with the simultaneously
increased blood levels of conjugated bilirubin. Patients
with PBC show individual variations in bilirubin levels.
Jaundice and skin itching concurrently occur in about
[32]
one fourth of patients . When jaundice is an initial
manifestation of PBC, the patients exhibit a more rapid
development of its end-stage, lower survival rates,
and an earlier outcome than do those with its anicteric
[47,71]
type
.

Hepatomegaly

Figure 2 Xanthelasmas on both eye lids in a patient with primary biliary
cirrhosis.

In the early stages of PBC, a moderate enlargement
of the liver is detectable in 70%-80% of cases. The
liver slowly increases in size during the whole period
of the disease. The enlarged liver is associated with
its compensatory regeneration in response to the
decreased hepatocytes’ functional ability caused by
the excess accumulation and toxic action of bile acids.
Hepatomegaly suggests a lesion of the liver on the
one hand and the preserved regenerative ability of
the organ on the other. In most cases, the liver is of
moderate consistency, its surface is smooth and, in
end-stage PBC, finely tuberous, painless on palpation.
The enlarged spleen is untypical of PBC, observed
in its end stages in 20% of cases, and indicative of
portal hypertension.

Xanthelasma

Xanthelasmas vary in shape, may be solitary or mul
tiple, flat, pale yellow color slightly raised above the
skin. In PBC, there are xanthelasmas on the upper
or lower eyelids (Figure 2), as well as in the palmar
creases, under the breasts, in the areas of the joints,
[67-69]
tendons, buttocks, etc
.
[70]
According to the data obtained by Ahrens et al ,
xanthelasmas is formed in elevated blood concentration
of cholesterol (more than 400 mg/dL) persisting for
at least three months. Xanthelasmas may disappear
after normalization of cholesterol levels and in endstage disease due to the progression of hepatocellular
[65]
damage .

Malabsorption and slowly progressive weight loss

In PBC, reduced secretion of bile acids gives rise to
steatorrhea (fecal fat excretion of more than 7 g/d).
Intestinal bile salts deficiency impairs fat absorption
[72]
in PBC patients
and result in bacterial overgrowth.
[73]
DiBaise et al suggest that bacterial overgrowth plays

Jaundice

Jaundice is an important clinical symptom of PBC, but
may be absent long (for 2 years or more). Jaundice
[61]
develops in the end-stage disease . In its eаrly

WJG|www.wjgnet.com

7687

July 7, 2015|Volume 21|Issue 25|

Reshetnyak VI. Clinical and laboratory diagnostic criteria for PBC
[82]

a significant role in the development of steatorrhea
in patients with PBC and that an assessment for
bacterial overgrowth should be performed on persons
with steatorrhea in PBC. The severity of steatorrhea
is associated with reduced bile acid outputs and
concentrations (r = 0.82; P < 0.0001), degree of
cholestasis (serum bilirubin; r = 0.88; P < 0.001) and
[74]
advanced histologic stages (P < 0.005) . All patients
with a total serum bilirubin level of more than 4.5
mg/dL had severe steatorrhea (fecal fat excretion was
above 25 g/d).
[72]
The results obtained Ros et al
indicate that
overt pancreatic failure is uncommon in PBC and
that fat maldigestion and steatorrhea, regardless of
what degree, are due mainly to low intestinal bile salt
levels secondary to bile secretory failure. The stool
in the patients with PBC usually shows admixtures
of incompletely digested fats. Despite steatorrhea,
the patients with PBC have constipation. The latter
seems to be related to the inadequate effect of a small
amount of intestinal bile acids on the small and large
intestinal motility.
The activity of pancreatic ALP in the serum of
patients with PBC does not correlate with the severity
of steatorrhea and that of amylase is within the normal
range.
Skin itching accompanied by sleep disorder, as well
as malabsorption of fats and fat-soluble vitamins lead
to a slowly progressive weight loss in patients with
PBC.
The clinical picture may be determined by com
plications and comorbidities.

nature of liver disease . PBC is the condition causing
osteopenia more frequently than other cholestatic liver
[78]
disease . Regardless of the etiology of osteoporosis
in PBC patients, they have an increased risk of
spontaneous or low-trauma fracturing leading to
significant patient morbidity, deterioration of quality
[75]
of life, and even patient mortality . Osteopenia
predisposes to atraumatic fractures, particularly in PBC
patients undergoing orthotopic liver transplantation
and treated with high corticosteroid doses. There are
pathological fractures of vertebrae and ribs commonly
and those of the pelvis and long bones more rаrely.
[83]
Kehayoglou et al
have reported that the mean
absorption of calcium ions is significantly less in
patients with PBC than in controls. Impaired calcium
absorption correlated well with increased fecal fat
excretion and less well with the intensity of jaundice.
The degree of osteoporosis depends on physical
activity, nutritional, hormonal, and genetic factors.
The pathogenesis of bone disease in both adults
and children with chronic cholestasis is not completely
understood. Various potential inciting factors that either
directly or indirectly alter bone mass are insulin-like
growth factor 1 (IGF-I) deficiency, hyperbilirubinemia,
hypogonadism, alcohol, subnormal 25-hydroxyvitamin
D3 levels, vitamin D receptor genotypes, vitamin K,
osteoprotegerin and receptor activator of nuclear factor
Kb ligand interactions and concurrent use of drugs
like cholestyramine, furosemide, glucocorticoids and
[78]
immunosuppressive agents .
Hypogonadism is an established risk factor for
osteoporosis in chronic liver disease.
The pathogenesis of osteoporosis in patients with
[75,84]
PBC is complex and is likely to be multifactorial
and involves impairments of vitamin D3 absorption
[85]
and metabolism , decreased intestinal calcium ion
[86,87]
[88]
absorption
, genetic predisposition , and impact
[89]
of corticosteroid therapy (Figure 3).
Deficient entry of bile acids into the intestinal lumen
substantially diminishes the absorption of fats and fat[90]
soluble vitamins (А, D, and K) . Vitamin D3 deficiency
and metabolic bone disease are common complications
of PBC. In patients with severe cholestasis, ma
labsorption of dietary vitamin D is an important
[91]
contributing factor to vitamin D3 deficiency . Along
with insufficient vitamin D absorption, there is a lower
formation of 1,25-dihydroxyvitamin D3 on cytochrome
Р450 (competitive inhibition of monooxygenases due
[1]
to the enhanced biosynthesis of bile acids) . This all
brings about inadequate calcium ion absorption in
the small bowel and impaired phosphorus-calcium
metabolism.
Lower serum IGF-I levels were seen in patients with
[92]
chronic liver diseases . IGF-I is synthesized by the
liver. It is a bone collagen and osteoblast stimulator.
IGF-I together with other genetic and environmental
factors may be involved in the complex regulation of
bone mineral density (BMD) in PBC.
Genetic factors have been implicated in the path

Osteodystrophy, osteoporosis

Metabolic bone disease has been recognized as
an important complication of chronic liver disease
[75]
particularly in PBC and after liver transplantation . It
includes osteoporosis and more rarely osteomalacia,
which is more frequent in severe malabsorption and
advanced liver disease.
The molecular mechanisms of osteoporosis in
patients with PBC are associated with the impaired
enterohepatic circulation of bile acids.
Decreased small intestinal bile acid concentrations
in PBC can lead to impaired absorption of fats and fatsoluble vitamins, resulting in deficiencies in vitamins A,
[76]
D, E, and K .
Malabsorption of calcium ions and fat-soluble vitamin
[77,78]
D in the small intestine gives rise to osteodystrophy
.
The latter may manifest as bone pain in early stages
of PBC; in its severe form, osteoporosis develops.
Osteoporosis is a systemic skeletal disease characterized
by low bone mass and bone tissue microarchitectural
deterioration, resulting in increased bone fragility and
[79-81]
fracture risk
.
Osteopenia is a recognized complication of cho
lestatic liver diseases, usually ascribed to metabolic
bone diseases such as osteomalacia or osteoporosis,
with a prevalence of 10% to 56%, depending on the
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Nonsuppurative destructive cholangitis
Emptying of ductules (ductulopenia)
Deficient entry of bile acids into the intestinal lumen
2+

Impaired absorption of fat-soluble vitamin D3 and Ca
Decrease of insulin-like
growth factor -1

Altered vitamin D receptor
genotypes

Changes in vitamine D3 metabolisme

Decreased 1,25-(OH)2 of vitamin D3

Decrease of osteoblast
activity

Increased of vitamin D
receptor T/t allele

Disturbed phosphorus-calcium metabolism
Bone resorption
Decrease of bone mineral density
Decrease of
bone formation

Increase of parathyroid
hormone

Osteoporosis

2+

Decrease of growth
hormone

Increase of Ca
urinary excretion
Decrease of
testosterone
2+

Decrease of Ca intestinal
absorption

Glucocorticosteroids therapy

Figure 3 The scheme of the development of osteoporosis in primary biliary cirrhosis.
[98]

ogenesis of osteoporosis, which is a common disorder
in PBC. IGF-I gene microsatellite repeat polymorphism
was found to be associated with osteoporosis and
[88]
lower BMD in PBC .
Reduced tissue sensitivity to circulating vitamin D
due to altered vitamin D receptor genotypes may play
a role in the development of hepatic osteodystrophy.
Vitamin D receptor allelic polymorphisms, designated
B/b, A/a, and T/t alleles, correlate with BMD. The risk
of developing a vertebral fracture increased 2- to 3-fold
[93]
with the presence of a T/t allele .
Prolonged steroid therapy of PBC patients may
results in clinically significant bone loss with an
[94]
increase in fracture risk by greater than 2-fold .
Glucocorticosteroids (GCSs) diminish intestinal calcium
absorption, by reducing the production of 1,25(OH)2
vitamin D3, increasing urinary calcium excretion, and
depressing canalicular reabsorption. As a result, there
is a compensatory increase in parathyroid hormone
production and bone resorption. In addition, GCSs
directly increase parathyroid hormone release and
enhance its sensitivity. Furthermore, GCSs inhibit bone
formation indirectly, by suppressing the synthesis
of testosterone in gonads and by decreasing the
production of growth hormone, IGF, and accordingly
type 1 collagen, as well as directly by suppressing the
[95,96]
function of osteoblasts
. Steroids exert a direct
effect on bone cells by increasing osteoclastic activity by
increasing IL1 and IL6 and decreasing differentiation,
[78]
recruitment and life span of osteoblasts .
[97]
García-Suárez et al
suggest that serum leptin
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is associated with BMD. Szalay et al
found a lower
serum leptin level and a higher soluble leptin receptor
in patients with PBC, which could not be explained
by the difference in body mass index. As leptin is
associated with BMD, it may be hypothesized that
leptin is involved in the complex regulation of bone
metabolism in PBC. There is a clear increase in serum
[97]
leptin levels according to its histological stage .
The best course of management for PBC patients is
to review the individual risk factors for osteoporosis, to
obtain a bone mass measurement, and to prescribe age[75,78]
and disease-specific therapies
. The development
of bone densitometry has allowed assessment of bone
mass and then contributed in estimating the fracture
[78]
risk . The risk of fracture shows a correlation with BMD
[75]
but no fracture threshold is determined .
BMD measurement is the best way to assess the
presence and severity of osteopenia in PBC patients,
while laboratory tests give important information
about the metabolic status of the bone. Newer dia
gnostic modalities have improved the detection of
hepatic osteodystrophy and vitamin D repletion, ca
lcium supplementation and bisphosphonates seem
[78]
promising .

Extrahepatic manifestations of PBC

There are different immune extrahepatic diseases
(Table 2) in PBC, which make its diagnosis difficult.
PBC is associated with a large variety of other diseases,
like arthropathy, CREST syndrome, autoimmune
thyroiditis, and so on, which in addition will or will not
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[123-125]

disease
. For stomach and pancreas cancers, the
results of one study that only examined male patients
with PBC indicated that PBC patients had increased
risk of stomach cancer and pancreatic cancer, whereas
the results of other studies of mixed-sex patients
[124-126]
showed no significant association
. Therefore,
despite inconsistent results, the meta-analysis could
not be conducted for assessing the association. PBC
was not significantly associated with increased risk of
[126]
other cancers .
PBC patients might benefit from more aggressive
surveillance for hepatobiliary malignancies during their
[120]
lifetime
. The risk of HCC development may be an
additional reason to consider earlier transplantation in
these patients.

Table 2 The most common extrahepatic diseases associated
with primary biliary cirrhosis
Autoimmune hepatitis
Sjogren’s syndrome (Sicca syndrome)[99]
CREST syndrome
Raynaud’s phenomenon
Rheumatoid arthritis
Autoimmune thyroiditis
Scleroderma
Pulmonary fibrosis
Polymyositis
Sarcoidosis[100]
Hemolytic anemia
Celiac disease
Inflammatory bowel disease

[61]

produce symptoms .
[101]
According to Gu et al , the most common comor
bidities were Sjögren’s syndrome (9.14%), rheumatoid
arthritis (3.95%) and type 2 diabetes (2.54%).
Concomitant autoimmune diseases, such as Sicca
syndrome, scleroderma and Raynaud’s phenomenon,
have been shown to be less prevalent in men. These
findings suggest that females are more likely to suffer
[33]
concomitant autoimmune disease than males .
The coexistence of PBC and AIH in PBC patients
[102-109]
has been described as overlap syndrome
. The
prevalence of typical PBC possessing features of AIH
[109-111]
has been reported to range from 5% to 19%
.
PBC/AIH overlap-syndrome has the histological fea
tures of AIH and PBC, with AMAs, ANAs, or smooth
[61,112]
muscle antibodies (SMAs)
. Recent studies have
shown that PBC patients with features of PBC-AIH
overlap may have a rapid progression toward cirrhosis
and liver failure and greater risk of varices, ascites,
[113,114]
portal hypertension, transplantation
. Steroids or
immunosuppressive therapies may be effective in these
[17,104,107-109,115-117]
patients
. The combination therapy with
UDCA and corticosteroids was more effective for PBC[118]
AIH .
[119,120]
Hepatocellular carcinoma (HCC) in PBC is rare
.
However, PBC in the advanced stage, corresponding to
PBC stage Ⅳ, was shown in the past to be associated
[121]
with an increased incidence of HCC
. Hepatobiliary
malignancies had a relative risk of 46 (P < 0.0001)
[120]
for women and 55 (P < 0.0001) for men . Whereas
it is a relatively rare complication of cirrhotic PBC in
women, HCC is a relatively common cause of death in
[33,61,119,122]
male PBC patients with cirrhosis
. As far as
the development of HCC is concerned, instead, PBC
patients should undergo the usual surveillance reserved
to other categories of cirrhotic patients, according to
[121]
published guidelines for the management of HCC
.
Such surveillance should start only when PBC patients
have reached stage Ⅳ disease.
The risk of extrahepatic malignancies is higher
than that of hepatocellular carcinoma, but it is
not influenced by the histologic stage of the liver
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LABORATORY SIGNS OF PBC
Immunological signs of PBC

In recent years, it has become univocally accepted
that an inappropriately activated immune response is
[6]
one of the most important factors in PBC . Substantial
amounts of data to date have illustrated that auto
immunity plays a critical role in the pathogenesis of
[6]
PBC . There is concrete evidence that apoptosis is
possibly the most important mechanism of biliary
[28]
epithelial cells loss . Enhanced BEC apoptosis is a
[127,128]
critical step in ductular destruction in PBC
. BECs
apoptosis in PBC is assumed to cause tissue-specific
autoimmune reactions, as evidenced by the detection of
[2,3]
АМАs . High titers of antibodies against mitochondrial
[28]
elements are characteristic of the disease .
[129]
Walker et al
were the first to find AMAs in the
sera of patients with PBC. АМАs are detectable in
different diseases; but anti-M2 AMAs are predominantly
[130]
PBC-specific . The highly PBC-specific autoantibody,
AMA-M2, recognizes components of the oxo-acid
dehydrogenase complex, which are ubiquitously ex
pressed on the inner mitochondrial membrane, including
the E2 subset of the pyruvate dehydrogenase complex
[6]
(PDC-E2) . The serological hallmark of PBC is the
presence of high-titer (1:40 and more) AMAs directed
against the E2 subunit of 2-oxo-acid dehydrogenase
enzymes, chiefly PDC-E2 enzyme complexes located on
[39,131,132]
the inner mitochondrial membrane
. These reflect
the presence of autoreactive T and B cells to the culprit
antigens.
The presence of serum AMAs and autoreactive B
cells strongly endorses the concept of an autoimmune
[133-135]
[40,136]
pathogenesis of PBC
. A. Lleo and colleagues
demonstrate that PDC-E2 with antigenic reactivity
is only detectable in apoptotic blebs of human intrahepatic BECs. Interestingly, in vitro caspase cleavage of
PDC-E2 has been shown to generate immunologically
[137]
active protein fragments
. The antigens are
released from apoptotic blebs of the BECs, or come
from molecular mimicry of infectious agents, or from
[138]
alteration by xenobiotics .
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AMAs can be detected even before clinical and
morphological symptoms or biochemical abnormalities.
Although most patients with PBC have AMAs against
PDC-E2, there is no direct correlation between the titer
of AMAs and disease severity, as well as histological
[39,61]
progression of BECs damage
. AMAs titer mea
surement is, first of all, of diagnostic value.
The activity of antibodies to antigens of varying
specificities (exogenous and autologous antigens) is
associated with different classes of immunoglobulins
- A, D, E, G, and M. In addition to high titers of
circulating AMAs, PBC patients have high levels of
serum IgM that are not related to titers of AMAs. IgM
levels in PBC patients average 6.27 ± 0.66 g/L (normal
[139]
human plasma IgM concentrations are 1-2 g/L)
.
The mechanism of IgM elevation is still unclear in PBC,
[6]
but abnormal Ig class switching may be involved .
The appearance of IgM antibodies is the earliest
immune response to antigen.
Specific IgA-type AMAs that have specificity for
PDC-E2 can be detected in almost all body fluids
of patients with PBC, including saliva, urine and
[140,141]
bile
. The mechanism responsible is likely that
a greater concentration of IgA in the bile ducts can
make cells more susceptible to apoptosis through
constant transcytosis, resulting in subsequent bile duct
[142]
damage . The presence of IgA-anti-PDC-E2 in sera
or saliva might be associated with the progression of
[143]
PBC .
In addition to AMAs, PBC sera can exhibit other
disease-specific autoantibodies, particularly ANAs and
[144]
SMAs .
Disease-specific ANAs are present in about one
[144]
third of patients with PBC . ANAs belong mainly to
the IgG class. PBC-specific ANAs reactants include
nuclear pore glycoproteins of the inner nuclear
[145,146]
[146,147]
membrane, Gp210
and p62
. This subtype
of PBC-specific ANAs has been shown to correlate
[144,148,149]
with disease severity and progression
. High
blood ANA concentrations in patients with PBC have
[150]
the least favorable prognosis. Rigopoulou et al
have
found that AMA-IgG3 is associated with a more severe
disease.
[151]
The study conducted by Granito et al
has
identified Sp140 protein as a new, highly specific
autoantigen in early-stage PBC. Anti-Sp140 antibodies
were present in 15% of PBC patients with a higher
frequency in AMA-negative cases (53% vs 9%, P <
0.0001). Anti-Sp140 positivity was not associated with
a specific clinical feature of PBC. Anti-Sp140 antibodies
were found together with anti-Sp100 antibodies in
90% of cases and with anti-promyelocytic leukemia
[151]
protein antibodies in 60% of cases .
The detection of antinuclear antibodies is of
diagnostic and prognostic value. That of antibodies
against nuclear envelop antigens in the presence of
clinical signs of the disease, but in the absence of
AMAs can verify the diagnosis of PBC and suggest its
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unfavorable course.
SMAs against contractile proteins are found less
frequently than АNAs. The SMAs are detected simul
taneously with the latter ones in about one third of
patients. Smooth muscle antibodies are not organ- or
species-specific. F-actin serves as an autoantigen for
these antibodies. SMAs in PBC belong mainly to the IgM
class.
AMA-negative PBC patients account for about 10%
[47]
to 15% . When AMAs are not detected, then ANAs
(autoantibodies against Gp210 and others) can be
detected in 50% of AMAs-negative patients. Routine
biochemical tests are not different from AMA-positive
patients, but usually higher ANAs, SMAs, and IgG
concentrations are detected. Serum IgM levels were
lower in AMA-negative patients when compared with
[152,153]
AMA-positive PBC patients
. Histologically, it is
[61]
PBC .
The proportion of AMA-negative patients has been
minimized due to the development of sensitive detection
[154,155]
technology of autoantibodies
. AMAs are highly
specific for PBC and can be detected in nearly 100% of
patients when sensitive diagnostic methodologies based
[154]
on recombinant antigens are used .
The production of AMA-IgM from peripheral blood
mononuclear cells from PBC patients is reduced after
[156]
exposure to UDCA .

Genetic and immunological characteristics of PBC

The etiology of PBC remains enigmatic, recent evidence
has strengthened the importance of genetic factors
[5]
in determining the susceptibility to the disease .
[157-159]
Hirschfield et al
have recently reported that
PBC is associated with the mutation of genes, such
as HLA, IL12A, IL12RB2, and IRF5-TNPO3. Mells et
[160]
al
have a correlation of PBC with 12 new candidate
genes, including STAT4, DENND1B, CD80, IL7R,
CXCR5, TNFRSF1A, CLEC16A, and NFKB1. Active
genetic research is expected to provide significant
achievements for prevention and early diagnosis of
PBC.
Class Ⅱ human leukocyte antigen (HLA) genes fully
return to attract interest thanks to recent genomewide association studies (GWAS), which clearly
demonstrates that the major components of the genetic
architecture of PBC are within the HLA region. PBC is
exceptional among autoimmune diseases in having
controversially variable associations with alleles of the
major histocompatibility complex (MHC, HLA); only a
weak and regional association with HLA DRB1*08 has
[161]
been widely confirmed
, although there is growing
evidence on a protective association with HLA DRB1*11
[162,163]
and *13
.
[164]
Investigations by Qin et al
suggest that
distinct HLA class Ⅱ genetic variants conferred both
a predisposition and a resistance to PBC. HLA-DQB1
(*02, *04, *0401, *0402 and *0601) and HLA-DRB1
(*01, *03, *0405, *07, *08, *0801, and *0803) were
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significant role in mediating the destruction of the bile
[6]
duct . BECs apoptosis is considered to result from
[169]
+
the attack of effector cells like CD8 T cells . CD8 T
cells may mediate bile ductular injury in the presence
[178]
of Treg function loss . There is concrete evidence that
apoptosis is possibly the most important mechanism
of BECs loss. Apoptosis is considered to result from the
+
[169]
attack of effector cells like CD8 T cells . Markers of
ongoing apoptosis have been reported within affected
[179,180]
portal tracts
. Interestingly, in vitro caspase
cleavage of PDC-E2 has been shown to generate
[137]
immunologically active protein fragments .
+
It is thought that activated CD4 T cells can
recognize peptide PDC-E2163-176 while activated
+
CD8 T cells can recognize peptide PDC-E2159-167
[6,181,182]
and PDC-E2165-174 in PBC
. HLA-A2-restricted
+
CD8 T cell lines reactive with PDC-E2 residues
[181,182]
159-167 have been characterized
. Interestingly,
+
CD8 T cells from livers of PBC patients demonstrate
cytotoxicity against PDC-E2 159-167 pulsed autologous
[169]
cells .

Table 3 Levels of bile acids, cholesterol, lecithin, and
orthophosphate in the hepatic bile portion and serum of
patients with primary biliary cirrhosis
Parameters

Parameter values in
the groups

Bile acids (g/L)
Cholesterol
(μmol/L)
Lecithin1
Orthophosphate1

Bile
Blood
Bile
Blood
Bile
Bile

Control
(mean1 ± SE)

Patients with
PBC
(mean2 ± SE)

3.9 ± 0.8
0.012 ± 0.008
0.91 ± 0.06
4.2 ± 0.6
2.1 ± 0.3
1.2 ± 0.3

0.65 ± 0.02
0.054 ± 0.008
0.38 ± 0.08
11.8 ± 1.6
0.5 ± 0.1
0.30 ± 0.07

mean1/
mean2

6.0
-0.2
2.4
-0.4
4.6
4.0

1

The data given in the table show the average statistical integral intensity
of the corresponding 31Р-NMR spectral signals in conventional units.
Patients with primary biliary cirrhosis (n = 16) and control (n = 14).

identified as risk factors for PBC, whereas HLA-DQB1
(*0301, *06, *0602 and *0604), and HLA-DRB1 (*11,
*1101, *13 and *1501) were potent protective factors.
Also, DR8 was identified to be a predisposing factor. A
total of 13 studies contained data on serological HLADR from 5400 subjects (788 cases of PBC and 4612
controls). A high degree of heterogeneity was found
2
to exist between DR8 and PBC risk (I = 54.8%, P =
[164]
0.011) . These results expand the repertoire of HLAClass Ⅱ genes with potential roles in PBC pathogenesis,
however follow-up biological studies are needed to
[164]
confirm these associations .
PDC-E2 specific T-cells are present in the liver of
[165,166]
PBC patients
, mostly during the earliest disease
[167,168]
stages
that are essential in the pathogenesis
[168-170]
+
and diagnosis of this disease
. Autoreactive CD4
+
and CD8 T cells are demonstrably involved in the
pathogenesis of PBC and, histologically, infiltration
of presumably autoreactive T cells in the liver and
periductular spaces is one of the major features of
[171,172]
+
+
PBC
. CD4 and CD8 T lymphocytes reactive
with subsets recognize epitopes of PDC-E2 have
been identified in the peripheral blood and liver
[28,165,167,168]
biopsy samples of PBC patients
. Several
experiments using murine models have indicated a
+
central role of CD4 T cells in the pathogenesis of
[173]
+
high
PBC
. CD4 CD25
regulatory T (Treg) cells play
a critical role in self-tolerance and the prevention of
autoimmune disease. Patients with PBC display a
+
high
relative reduction of circulating CD4 CD25
Tregs
[174,175]
compared to controls
. This may be associated
with decreased estrogen levels in patients with PBC.
Previous studies have examined gender differences in
the immune system, and suggest that estrogen and
androgen may modulate the immune system. Women
+
have significantly higher CD4 T lymphocyte counts
+
+
[33,176]
and a higher CD4 /CD8 ratio than men
.
The frequency of circulating Tregs can increase
[177]
after 1 year of treatment with UDCA .
+
+
Compared to CD4 T cells, CD8 T cells play a more
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Biochemical signs of PBC

PBC is characterized by changes in many blood
biochemical parameters. Patients’ sera show the
enhanced activity of alkaline phosphatase (ALP),
γ-glutamyltransferase (gamma glutamyltranspep
tidase, γ-GT), 5’-nucleotidase (5’-NT), and leucineamin
opeptidase (LAP), the higher levels of bile acids,
cholesterol, phospholipids, copper, γ-globulins, and
bilirubin, and the lower level of total protein mainly at
the expense of albumin fractions.

Bile acids, cholesterol, lecithin in PBC

In PBC, there is a decline in the levels of bile acids,
cholesterol, and lecithin in the hepatic bile portion
and their simultaneous rises in hepatocytes and blood
(Table 3). This suggests that enterohepatic bile acid
circulation is impaired in PBC.

Bile acids in PBC patients

Intrahepatic cholestasis in PBC is a multifactorial
process that leads to biochemical disorders and
damages to subcellular structures, with changes in
the metabolism of bile acids and their transmembrane
transport that is done by carrier proteins in the
[183,184]
sinusoidal and canalicular membranes
.
Serum bile acid concentrations increase in patients
with PBC (Table 3) just in its asymptomatic stage,
which is associated with the occurrence of skin itching,
[66]
the first clinical sign of the disease . All fractions of
conjugated bile acids appear in appreciable amounts in
the blood of patients with PBC. Unconjugated bile acids
are rarely detectable in the serum of PBC patients.
Autoimmune pathological processes in PBC gradu
ally lead to ductulopenia and impair the mechanism
responsible for the metabolism of bile acids. The
increased number of desolated bile ductules result in
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Lipid metabolic disturbance

impaired bile excretion and insufficient entry of bile
acids into the duodenum. As a response, the hepatocyte
increases the synthesis of bile acids. A reduction in
intestinal bile acid levels via a feedback mechanism
induces a compensatory hepatocyte increase in the
biosynthesis of bile acids and cholesterol. Cholesterol
is the major substrate for bile acid biosynthesis. But
ductulopenia does not diminish. The hepatocytic
concentration of bile acids gradually elevates and their
entry into the intestinal lumen remains insufficient,
giving rise to a closed vicious circle that results in
the accumulation of bile acids in the liver cells. Due
to the increased hepatocytic level of bile acids, their
reabsorption from the portal venous bed decreases,
leading to the entry and progressive accumulation of
bile acids in systemic circulation.
Bile acids, unconjugated ones in particular, are
potent detergents that are able to impair cell me
mbranes and have irritant effects on nerve endings.
In vitro experiments have shown that several bile
acids cause hepatocyte injury with a concomitant
[185,186]
generation of hydroperoxide by mitochondria
and also induce hepatocyte apoptosis in a time- and
concentration-dependent manner via reactive oxygen
[187]
species (ROS) generation by mitochondria .
The blood of patients with PBC shows a higher ratio
of trihydroxy-/dihydroxycholanic acids and a lower
[188]
glycine/taurine coefficient
. According to Greim et
[189,190]
al
, cholic (trihydroxycholic) bile acid has lower
detergent properties than dihydroxy- (deoxycholic and
chenodeoxycolic) bile acids.
The conjugation, sulfation, and glucuronidation
of bile acids are directed towards decreasing their
detergent and irritant effects on somatic cells and
nerve endings. These also lead to their enhanced
release from the systemic circulation through the
[191]
skin, kidneys, and bowel. García-Marín et al
have
indicated that taurine-conjugated bile acids stimulate
the production of micelles with cholesterol and
phosphatidylcholine (lecithin).
Thus, the higher ratio of trihydroxy-/dihydro
xycholanic bile acids and the appearance of glycineor taurine-conjugated, sulfated, and glucuronidated
bile acids in the systemic circulation in PBC may be
considered as the body’s compensatory and detoxifying
response to cholestasis and considerably increased
cholanic acids in circulating blood.
Atypical, non-physiological bile acids appear in the
[192]
blood and urine of patients with PBC
. The latter
have more potent detergent effects on cell membranes
and a stronger irritant effect on nerve receptors than
primary and secondary bile acids. The atypical, nonphysiological bile acids can be released from the
systemic circulation through the skin, taking part in
[66]
the mechanisms of skin itching . The intensity of the
latter may depend on the amount of atypical bile acids
in the skin of patients with PBC.
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Biochemical studies have revealed that hepatic bile
portions from PBC patients contain lower levels of
not only bile acids, but also phosphatidylcholine
(lecithin) and cholesterol (Table 3). The hepatic bile
portions from the patients with PBC and those in the
comparison group show a ratio of lipid components (bile
acids, lecithin, and cholesterol) of 6:4.6:2.4 (Table 3),
which is indicative of high bile lithogenicity in patients
with PBC. The appearance of gallbladder concrements
complicates PBC in 35%-40% of cases. As a rule, is
formed pigment gallstones.
The altered concentration of phosphatidylcholine in
the hepatic bile portions can be induced by a change
[193]
in the relative amounts of bile acids
. Hepatocytic
lecithin secretion is acid-dependent (dependent on
[194]
the secretion of bile acids)
. The regulatory effects
of bile acids on the liver and biliary tract are largely
dependent on the hydrophobic-hydrophilic balance of
[195]
the recirculating bile acid pool .
The hepatic biopsy specimens from patients with PBC
show a 1.5-fold (P = 0.044) increase in the total amount
[196]
of phospholipids
. Moreover, the same membranes
contain the lower levels of lysophosphatidylcholine,
sphingomyelin, phosphatidylserine, phosphatidylinositol,
[1,196]
and phosphatidylethanolamine
. There is a 2-fold
decrease in the ratio of cholesterol to phospholipids in
the hepatocyte membranes of PBC patients.
The blood of patients with early-stage PBC contains
[197,198]
higher levels of phospholipids, cholesterol
, and
[199-201]
bile acids
(Table 3). The change in the content of
cholesterol and phospholipids in the blood of patients
with PBC is associated with their increased formation in
the liver and regurgitation into blood flow. Cholesterol
and phospholipids are able to bind bile acids and to
inactivate their solubilizing effect. Hyperlipidemia in
PBC is a compensatory reaction of the organism in
response to cholestasis. The high levels of cholesterol
and phosphatidylcholine in the blood of PBC patients
are apparently associated with the neutralization of the
detergent effect of excess bile acids.
In PBC, serum cholesterol levels markedly increase
with worsening of cholestasis, and decrease in the
late disease stages, despite a severe reduction in
[197]
biliary secretion . At the same time, there were no
significant differences in the levels of major lipoprotein
[66]
classes in healthy individuals and patients with PBC
(Table 4).
Marked hypercholesterolemia that is typical for
longstanding cholestasis is unassociated with an
[197]
excess risk of cardiovascular disease
and the risk of
[202]
developing atherosclerosis in PBC .
PBC can serve as a model disease, showing that
only hypercholesterolemia is insufficient to develop
atherosclerosis and cardiovascular diseases.
Blood triglyceride levels in PBC are virtually un
changed.
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usually the result of the so-called hepatocellular injury,
such as cirrhosis.
Conjugated bilirubin may be also detected in
the urine of PBC patients. Moreover, urobilinogen is
excreted in the urine in proportion with the amount of
[32]
bile entering the duodenum .
Progressively increased serum bilirubin conce
ntrations in PBC are the best indicator for prognostic
[61,206]
purposes
. A study conducted in 1979 claimed
that when total bilirubin, a prognostic factor of PBC,
is 10 mg/dL or greater, the average survival period is
[207]
1.4 years
. Pretreatment levels of serum bilirubin,
bilirubin levels during follow-up, and the occurrence
of normal levels of serum bilirubin were significantly
[208]
associated with prognosis .
A number of studies have reported that the Mayo
risk score is an effective means of predicting prognoses
[209,210]
in PBC patients
. The Mayo Clinic published a
study that excluded the invasive technique of biopsy,
and predicted prognosis based only on clinical and
biochemical factors, including age, serum bilirubin
level, serum albumin level, prothrombin time, and
[211]
existence of peripheral edema .
Total bilirubin, the Mayo risk score, and the re
vised International AIH Group score are significantly
[206]
important as prognostic factors of PBC .

Table 4 Lipoproteins of blood in primary biliary cirrhosis
patients and control group
Lipoproteins

Parameter values in the groups
Control (n = 21)

mean ± SD
Range
mean ± SD
a-lipoproteins
Range
Pre-b-lipoproteins mean ± SD
Range
b-lipoproteins

50.1 ± 6.0
39.2-59.1
28.4 ± 6.5
15.5-42.7
20.5 ± 7.5
10.5-34.7

PBC (n = 18)
56.4 ± 16.6
34.8-86.4
23.9 ± 12.2
6.4-46.8
18.2 ± 8.5
6.3-43.5

Hyperbilirubinemia

Elevated blood levels of many biliary constituents are
observed in patients with PBC. However, the higher
bilirubin concentrations are untypical of early-stage
[203]
PBC . The blood total and conjugated bilirubin levels
are increased in patients with PBC in the stage of
its obvious clinical symptoms and rarely reach high
values. Hyperbilirubinemia results from intrahepatic
cholestasis when, in the absence of extrahepatic
obstruction, conjugated bilirubin comprises a high
[204]
fraction of the total bilirubin
. Significant individual
variations in bilirubin levels are noted in patients with
PBC. However, the blood bilirubin concentrations
generally correspond to the stage of the disease and
the activity of the pathological process. In PBC, the
levels of bilirubin are elevated mainly by its conjugated
fraction. This suggests that the normal hepatocytic
activity of glycosylating enzymes is retained to produce
conjugated bilirubin.
The development of hyperbilirubinemia in PBC
is associated with impaired bilirubin excretion. The
elevation of conjugated bilirubin may result from
obstructed bile flow, altered bile ductular integrity, or
reduced production of bile due to defective activity of
[204]
bile efflux transporters . The most probable pathway
for the leak of bile back into the systemic circulation
[204]
is via the intercellular tight junctions
. Damage to
small and medium-sized bile ducts in PBC and the
resultant increased pressure in the biliary system
produce reflux of conjugated bilirubin into the plasma.
Bile reflux can occur from the bile capillary lumen or
hepatocyte into the Disse space and then into blood.
[205]
Bilirubin accumulations are noted in liver biopsies .
In the late stages of the disease, hyperbilirubinemia
may be caused by not only bile reflux, but also by
increased hemolysis. Enhanced hemolysis is favored
by excess serum bile acids in patients with PBC.
As potent detergents, bile acids can solubilize the
cytoplasm membranes of not only erythrocytes, but
also other blood cells, causing them to hemolyze.
This favors the development of a number of hema
tological complications in the end stage of the
disease. The magnitude of hyperbilirubinemia at
this time is characterized by not only the conjugated
fraction of bilirubin, but also by its unconjugated one.
Unconjugated and conjugated hyperbilirubinemia is
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Activity of ALP, γ -GT, and 5’-NT

Serum ALP and γ-GT levels were markedly elevated
[101]
in PBC patients
. The activity of these enzymes
increases in patients with PBC already in the as
[212,213]
ymptomatic stage of the disease
. ALP and
γ-GT increase to 10 or more times the upper limit
[61]
of normal in PBC patients . In PBC, there is an
increased activity mainly of the hepatic fraction of ALP.
The amount of ALP does not correlate with disease
[61]
progression or stage of the disease . Laboratory
studies show a rise in the serum ALP level following
[203]
the onset of pruritus
. The biochemical levels of
ALP and γ-GT were reported to be slightly higher in
symptomatic males compared to asymptomatic males,
[214]
but both were higher than in females .
The enhanced activity of ALP and 5’-NT is most
likely associated with the increased biosynthesis of
phospholipids in PBC patients. The biosynthesis of
phospholipids occurs with using of orthophosphate
which formed by hydrolysis of organic phosphorus
compounds under the action of phosphatases: ALP and
5’-NT. ALP activates the hydrolysis of glycerophosphate,
glucose-1-phosphate and glucose-6-phosphate. 5’-NT
does that of adenosine monophosphate, guanosine
monophosphate, cimetidine monophosphate and
uridine monophosphate. It is theorized that ALP and
[215]
5’-NT give rise to orthophosphate, where required .
Based on this theory, the enhancement in the activity
of ALP and 5’-nucleotidase in PBC indicates the higher
needs of hepatocytes in the orthophosphate
The decreased quantity of orthophosphate in
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the hepatic bile portion (Table 3) from PBC patients
indicates a reduction in its secretion in bile and
simultaneously its reduction in liver cells since the
secretion of orthophosphate from hepatocytes to bile
capillary are passively effected by the concentration
gradient. The lower orthophosphate concentrations
(despite the enhanced activity of ALP and 5’-NT)
indicate the intensive utilization of a phosphorus
group in the metabolic processes which take place
in hepatocytes in PBC. One of the possible ways the
increased using of orthophosphate in patients with PBC
is increase the biosynthesis of phospholipids.
The enhanced activity of ALP and 5’-NT is pre
sumably due to their increased biosynthesis in
[216-218]
the hepatocytes
. The mechanism by which
cholestasis results in an elevated serum ALP level is
thought to involve the induction of ALP synthesis as
[219]
a result of the enhanced translation of ALP mRNA .
To enhance the synthesis of these enzymes, it is
necessary to increase the delivery of amino acids
to the cells. This can be achieved by increasing the
[212]
activity of γ-GT in PBC patients. Loginov
has noted
that the change in blood γ-GT activity in patients with
PBC outstrips the increase in the activities of ALP and
5’-NT. Some PBC patients are observed to have an
early increase in the activity of γ-GT (> 3 upper limits
of normal) before enhancing the activity of ALP. When
the effect of alcohol or medications is ruled out, this
test is highly sensitive in identifying cholestasis in PBC
patients.
Elevated serum ALP and γ-GT levels, together with
[219]
a positive AMA/AMA-M2, can help diagnose PBC .

PBC. This study includes 160 patients with PBC and
laboratory and liver histology data are available for
121 patients. The authors analyze the clinical and
laboratory data and follow-up outcomes: liver-related
death, liver transplantation and survival. The AST/
ALT ratio was also used for assessment in alcoholinduced liver cirrhosis prediction of oesophageal
varices and ascites presence. It is suggested that the
AST/ALT ratio increases in patients who develop liver
cirrhosis, regardless of its cause. The reason for the
increased AST/ALT ratio is unknown. It is suggested
that the sinusoidal clearance of AST decreases in
[223-225]
cirrhotic patients
. The higher AST/ALT ratio in
PBC patients may be due to decreased hepatocyte
[1]
adhesion . A quantitative method used to evaluate
adhesive interactions of hepatocytes has revealed
decreased intercellular interactions, particularly at the
site of tight junction, probably due to cholestasis and
[226]
its related elevated pressure in the bile capillaries .
The divergence of hepatocytes can be accompanied by
the increased permeability of the liver cell cytoplasmic
membrane for AST.
[223]
Nyblom et al
reported the use of this ratio for
discrimination between cirrhotic and non-cirrhotic
patients with a sensitivity of 82% and a specificity
of 79%, for a cut-off value 1.1. The explanation for
such high sensitivity is that a large number of cirrhotic
patients were included, while sampling variability in the
liver biopsies contributed to low specificity. The study
concluded that the AST/ALT ratio is of clinical value as
a predictor of cirrhosis in patients with PBC, but not as
a prognostic factor.
[35]
Alempijevic et al
observed lower sensitivity
(47.5%) and specificity (75%) for the AST/ALT ratio
for staging the disease that could be explained by
different study design. The authors found a statistically
significant correlation between PBC stage and AST,
ALT to platelet ratio, ALT/platelet count, AST/ALT,
ALT/AST and ALT/cholesterol ratios, with the values
of Spearman’s rho of 0.338, 0.476, 0.404, 0.356,
0.351 and 0.325, respectively. The best sensitivity and
specificity were shown for AST/ALT, with an area under
ROC of 0.660. The authors suggest that the potential
predictive value of aminotransferase and platelet count
ratios in predicting the stage of PBC may be used to
evaluate PBC evolution, despite their limited sensitivity
and specificity, especially when considering their
[35]
availability and cost effectiveness .
LAP is highly active in the liver where it is present
mainly in the biliary epithelium. It is an enzyme
involved in protein metabolism. The enhanced serum
activity of LAP, like 5’-NT and, to a lesser extent,
γ-GT, is specific to all forms of intra- and extrahepatic
cholestasis. In PBC, there is increased LAP activity,
[71]
which may indicate bile duct epithelial damage .

Aspartate aminotransferase and alanine
aminotransferase in PBC

During the formation of the PBC, aspartate ami
notransferase (AST) and alanine aminotransferase
(ALT) activities remain normal or only modestly is
[46,203,219]
increased
. The normal (or slightly enhanced)
activity of aminotransferases for several years suggests
the preserved integrity and normal permeability of the
cytoplasmic membrane of hepatocytes in most patients
with PBC. The biochemical level of ALT is reported
to be slightly higher in symptomatic males than
asymptomatic males, but both were higher than in
[33,214]
females
. From biological and physiological points
of view, the differences between men and women
may be explained by differences in the presence of
risk factors, protective/aggravating effects of sexual
hormones, variances linked to genetics and various
[33,220]
corporal structures
.
During the last decade many studies have been
designed to identify non-invasive markers capable of
providing accurate information about liver fibrogenesis
activity and liver fibrosis stage in patients with chronic,
[35,221]
potentially progressive hepatic diseases
.
[222]
Sebastiani et al
analyze the value of AST/ALT
ratio as an indicator of cirrhosis in patients with
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Copper metabolic changes

The liver is known to play an important role in the
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test for an alkaline albumin fraction is a highly sensitive
method in hepatocellular failure. In health, the alkaline
fraction accounts for about 3% of a total of albumin.
The half-life of the alkaline fraction is longer than that
of other albumin fractions; therefore, when its hepatic
synthesis is impaired, the percentage of the alkaline
fraction is increased (as high as 50% in end-stage
cirrhosis). Unfortunately, this test is not practically
used in the diagnosis of PBC.
In end-stage disease, impairments in fat-soluble
vitamin absorption and hepatic protein synthetic function
can result in vitamin K deficiency, coagulopathies, and
decreased vitamin A levels, which can promote visual
disorder.
The most marked biochemical changes suggesting
hepatocytic protein synthetic dysfunction are usually
found in more advanced stage (3-4) PBC.
Thus, cholestasis in PBC is accompanied by the
enhanced activity of ALP, LAP, γ-GT, 5’-NT; hypercho
lesterolemia, elevated levels of bile acids, phospholipids,
and β-lipoproteins, and hyperbilirubinemia.

Table 5 Classification of morphological stages of primary
biliary cirrhosis
Ref.

Morphological stages of PBC

Popper et al[233],
1970
Scheuer[234], 1974
Ludwig et al[235],
1978

Ⅰ

Ⅱ

Cholangitis

Ductular
proliferation
Ductular
proliferation
Periportal
stage

Ductular
damage
Portal stage

Ⅲ

Ⅳ

Precirrhosis Cirrhosis
Scarring

Cirrhosis

Septal stage Cirrhosis

PBC: Primary biliary cirrhosis.

metabolism of copper, giving rise to hepatocytic
[227]
protein-copper complexes and its biliary excretion .
In health, about 80% of copper is excreted from the
body into bile and feces.
Liver copper levels are significantly increased in
[228,229]
PBC compared with other liver chronic diseases
.
In PBC, liver cell copper retention occurs as a com
[230]
plication of impaired biliary copper excretion
.
Elevated blood copper concentrations are due to
hepatocyte adhesion impairment and reflux of biliary
components into blood. The copper levels may exceed
25 mg/100 g of dry liver tissue (normal range up to 6
[229]
mg/100 g) in PBC . Despite the retention of copper
[230]
in hepatocytes, liver cell function is well preserved
and there are no clinical signs of toxic effects of copper
on liver cells.
In PBC patients with increased liver copper con
centrations, the latter do not correlate with the bio
[230]
chemical parameters of liver damage , but generally
[231]
do with the stage of the disease . The characteristic
organelle (nuclear vacuolation and steatosis) changes
associated with copper toxicity in Wilson’s disease are
[230]
not observed in PBC
. A Kayser-Fleischer ring is
not detected in patients with PBC. Copper-associated
[227]
proteins are found in the disease
. Detection of
protein-binding copper in PBC is suggestive of the
normal hepatocytic metabolism of copper and its reflux
with biliary components into blood. This can account for
that there is no Kayser-Fleischer ring or toxic effect of
copper on the body.

MORPHOLOGICAL SIGNS OF PBC
Imaging procedures are not helpful for the diagnosis
of PBC, except for liver histology. Histologically, PBC
is characterized by portal inflammation and immunemediated destruction of the intrahepatic bile ducts.
These changes occur at different rates and with
varying degrees of severity in different patients. The
loss of bile ducts leads to decreased bile secretion
and the retention of toxic substances within the liver,
resulting in further hepatic damage, fibrosis, cirrhosis,
[3,232]
and eventually liver failure
.
Histological findings after liver biopsy included
focal and piecemeal necrosis, portal, periportal, and
lobular inflammation, fibrosis and overall inflammation
[230]
and liver cell damage (“histological activity”)
. The
histological manifestations are damaged BECs and
infiltration of T cells, B cells, macrophages, eosinophils
[3,6]
and natural killer cells in the portal area . In the
field nucleopore frequently detected complexes of
autoantibodies with Gp210, p62 and sp100, which to
[146,227]
form a ring around the nucleus
. Liver histology
in PBC patients is of interest for the assessment of the
[61]
diagnosis and for staging of the disease .
According to its morphological characteristics, PBC
is classified in four stages ranging from florid bile duct
lesions, ductular proliferation, and fibrosis to liver
cirrhosis (Table 5). Stage Ⅰ-Ⅳ disease classification
was used by an experienced pathologist who assessed
[236]
liver biopsies .
Stage Ⅰ is defined by the localization of inflam
mation to the portal triads. In stage Ⅱ, the number
of normal bile ducts is reduced, and inflammation
extends beyond the portal triads into the surrounding
parenchyma. Fibrous septa link adjacent portal
triads in stage Ⅲ , while stage Ⅳ represents endstage liver disease characterized by obvious cirrhosis

Decreased protein synthetic function

The liver is the only site for the synthesis of albumin,
fibrinogen, prothrombin, and some other blood
coagulation factors. Furthermore, the liver plays a
leading role in producing α-globulins, a major portion
of β-globulins, heparin, and enzymes. In patients
with early-stage PBC, the blood levels of albumins
and globulins are within the normal range. Liver cell
synthetic function is well preserved in PBC patients.
All the patients have normal prothrombin times and
[230]
subnormal serum albumin concentrations
. With
progression of PBC observed increased levels of
γ-globulins, IgM in particular. At the same time, there
is simultaneously a relative decline in blood albumin. A

WJG|www.wjgnet.com

7696

July 7, 2015|Volume 21|Issue 25|

Reshetnyak VI. Clinical and laboratory diagnostic criteria for PBC

A

BD

B

Figure 4 Stage Ⅰ primary biliary cirrhosis. Inflammatory infiltrate consisting
of mononuclear cells around the bile duct (BD). Hematoxylin eosin staining,
magnification × 125.

with regenerative nodules. The morphogenesis of
PBC displays a gradual transition from early to later
stages. Liver biopsy specimens from PBC patients can
frequently exhibit the histological features of different
[227,237]
stages of the disease
. According to Klöppel et
[238]
al
, despite this fact, in most cases liver puncture
biopsy enables one to reveal the signs characterizing
this or that stage of PBC. The histological findings after
liver biopsy in PBC patients point to the predominant
histological pattern of one of the disease stages.
In stages Ⅰ -Ⅱ PBC, biopsy specimens show dif
ferent phases of bile duct injury (Figure 4). According
to G. Roschlau, these changes may precede the clinical
[239]
manifestations of PBC . Early injuries develop in the
interlobular ducts 45-75 µm in diameter. Dystrophy of
ductal epithelial cells should be considered the earliest
sign. Their cytoplasm becomes granular or homogenic
eosinophilic, turgid, vacuolated; the nuclei get pycnotic.
There is further necrosis of a small canalicular segment,
but its outlines are still retained and finally the wall
is destroyed, giving rise to a pattern of destructive
[227]
cholangitis .
Lymphoid/plasma cell infiltration is observed in
the periportal fields around the epithelium lining
the bile ducts. Moreover, the epithelial cells appear
compressed, in the basal part in particular. Examination
of inflammatory infiltrates reveals the elevated CD4
lymphocyte levels exceeding the CD8 lymphocyte
counts (4:1).
There are also large lymph follicles, overexuberant
portal tract infiltration, sometimes with an impurity
of xanthoma cells, as well as some histiocytic and
epithelioid cell granulomas.
Damage to the septal or interlobular bile ducts is
a pathognomonic sign of PBC, but such changes are
[240]
rarely found in the puncture biopsy specimens . The
hepatocytes in this stage have a usual structure; the
stellate reticuloendothelial cells are hyperplastic.
Proliferation of ductuli that penetrate the terminal
plate, periductal fibrosis, and sclerotic processes to
form blind septa are dominant in stages Ⅱ-Ⅲ PBC
(Figure 5A and B).
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Figure 5 Stages Ⅱ-Ⅲ primary biliary cirrhosis. A: Wide septa formed
by proliferating ductuli. Lymphocytic infiltration. Hematoxylin eosin staining,
magnification × 200. B: Hyaline inclusions. Swelling and hepatocellular injury
due to the damaging effect of bile acids. van Gieson's, magnification × 200.

Fibrosis of the portal fields may lead to portal hy
pertension just as long before liver cirrhosis develops.
The epithelium of some proliferating canaliculi is
dystrophic. This may be regarded as the presence
of signs of an exacerbation or progredient course of
disease. Bile ducts not in all portal tracts are detected.
Their sites show scars or small groups of epithelial
cells. Bile thrombi are seen rarely. The parenchymal
structure is usually preserved. Lobular necroses are
detectable at the site of destroyed hepatocytes in the
liver lobule.
Stage Ⅳ PBC is characterized by a pattern of
significant micronodular cirrhosis. At the same time,
there may also be signs typical of earlier-stage PBC, as
well as granulomas. Inflammatory infiltration is found
predominantly around the latter of the remaining
bile ducts and resolves after their destruction. The
developed cirrhosis in PBC patients is often difficult
and sometimes impossible to differentiate from liver
cirrhosis of another etiology.
Thus, only the last stage of PBC complies with the
conventional criteria for cirrhosis. In the others, there
is no diffuse fibrosis or nodular transformation, the
necessary signs of cirrhosis, which are apparent from
its definition. Much significance is attached to piecemeal
and bridging parenchymal necrosis in the development
[241]
of the final stage of liver cirrhosis (Figure 6) .
In cholestasis, extralysosomal copper is often
[231]
present in the hepatocellular cytoplasm
. Orsein-
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liver stiffness. Liver stiffness correlates well with the
histological stage of fibrosis. Changes in liver fibrosis
stage may thus be estimated non-invasively using
[247]
transient elastography . Nevertheless, further studies
are needed to confirm the value of this method in
different chronic liver diseases.

DIAGNOSIS OF PBC
Diagnosis of PBC is based on clinical, laboratory
and morphological criteria (Figure 7). In the early
stages of PBC, its diagnosis presents no great
problems, particularly if at examination a middleaged woman is detected to have skin itching, more
than 6-mo increases in the activity of ALP and/or
γ-GT, an AMAs titer of over 1:40, and morphological
changes corresponding to nonsuppurative destructive
[66,248]
cholangitis
. Currently, the diagnosis of PBC is
often made when the patient is still asymptomatic, with
[248,249]
abnormal liver biochemistry and/or AMAs
. The
symptomatic patients may have fatigue, generalized
pruritus, osteoporosis, fat-soluble vitamin deficiencies
[245,250]
and portal hypertension
.
Owing to easy-to-use biochemical tests, such
as quantification of ALP, γ-GT, bile acids, AST, ALT,
and total bilirubin, and other tests for AMAs, ANAs,
SMAs, IgM, and IgG, PBC is often diagnosed in its
[206]
early stages . The early criteria for PBC are (1) skin
itching; (2) a positive test for AMAs; (3) ALP levels at
least two times higher than the upper limit of normal
(ULN) and/or γ-GT levels at least five times higher
than the ULN; and (4) a liver biopsy specimen showing
[61,118]
florid bile duct lesions
.
AMAs detection with evidence of normal ALP activity
suggests a lifetime risk for PBC. There is a concurrent
increase in ALP and γ-GT activities. The enhanced
activity of γ-GT only is not highly specific for PBC and
may be caused by alcohol or drugs. That of ALP only
may also be due to bone changes, pregnancy, or familial
cholestasis.
Chronic cholestasis is a disruption in bile synthesis
and outflow for more than 6 mo. Biochemical tests
cannot differentiate intra- and extrahepatic cholestasis.
Abdominal ultrasonography (AUS), magnetic resonance
cholangiopancreatography (MRCP), endoscopic ultrasound
(EUS), endoscopic retrograde cholangiopancreatography
(ERCP) with sphincteropapillotomy used to improve
bile outflow are performed to evaluate intra- and
extrahepatic bile ducts. ERCP is particularly important in
the differential diagnosis of primary sclerosing cholangitis
(PSC). Laparoscopy allows the presence of stage Ⅳ PBC
to be specified.
MRCP and EUS are a great advantage in interpreting
the biliary system. ERCP may cause pancreatitis
(3%-5%), bleeding (2%), and cholangitis (1%), at
sphincteropapillotomy in particular. ERCP-related
[251]
mortality is 0.4% .
Liver biopsy is indicated when serum AMAs are

Figure 6 Stages Ⅳ primary biliary cirrhosis. Cirrhotic transformation. Silver
impregnation method for Gomory, magnification × 200.

positive granules are found in biopsy specimens in
[242]
cholestatic liver diseases
. In PBC, these granules
are found in the cytoplasm of periportal hepatocytes.
As shown by the test with rubean-hydrogen acid,
copper is found in combination with these granules.
The detection of orsein-positive granules in com
bination with copper in the cytoplasm of periportal
hepatocytes is an additional informative sign in favor
[242]
of PBC .
For diagnosis, staining for copper and for copperassociated protein may assist in the differentiation of
[231]
PBC from chronic active hepatitis
. Symptomatic
male patients with PBC had more stainable copper
deposits in the histological samples than asymptomatic
males.
Hepatic damage may produce different conse
quences in men and women in ongoing primitive
[33,220]
diseases and during acquired conditions
. The only
histological difference identified is that symptomatic
female patients had more piecemeal necrosis of
the liver and that symptomatic males had more
[33]
stainable copper storage than asymptomatic males .
Additionally, symptomatic females were reported to
have more pseudoxanthomatous transformation than
[33,243]
asymptomatic females
.
In PBC patients, liver biopsy is used as the gold
standard for assessing liver fibrosis. There are four
[244]
stages of fibrosis in PBC : (1) no fibrosis (stage Ⅰ);
(2) periportal fibrosis (stage Ⅱ); (3) bridging fibrosis
(stage Ⅲ); and (4) cirrhosis (stage Ⅳ).
Many fibrosis experts would therefore consider
serum fibrosis tests with an ROC area of 0.85-0.90 to
[35,245]
be as good as liver biopsy for staging fibrosis
.
Biochemical markers and their ratios do correlate
with different sensitivity to and specificity of PBC
disease stage. The use of biochemical markers and
their ratios in clinical evaluation of PBC patients may
[35]
reduce, but not eliminate, the need for liver biopsy .
New technology has been developed based on
the fact that liver stiffness increases as liver fibrosis
[246]
progresses
. Transient elastography is a new
modality developed for non-invasive evaluation of
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Stage

Precirrhotic stage
Ⅰ

Сirrhotic (end) stage

Ⅱ

Ⅲ

Ⅳ

Histology

Nonsuppurative destructive cholangitis
Local septal and
interlobular ductular
injury

PBC

Ductular
proliferation

Stage of
fibrosis

Stage of
cirrhosis

Clinical signs

Skin itching
Icteritiousness - jaundice
Xanthelasmas
Impaired fat absorption - malabsorption
Slowly progressive weight loss
Osteoporosis - spontaneous fractures
Complications of cirrhosis

Laboratory data

Anicteric phase

Cholestasis with jaundice

Biochemical signs of cirrhosis

Antimitochondrial antibodies ++ (80%-90%)
γ-glutamyltransferase; Alkaline phosphatase
Cholesterol
γ-globulins
IgM

IgG

Figure 7 Schematically summarizes the clinical, biochemical, immunological, and morphological signs of primary biliary cirrhosis.

(75%). Great importance is attached to biochemical
functional tests and morphological examination of liver
biopsy specimens. Thus, well-formed granulomas with
minimal bile duct injury are found in sarcoidosis. On
the contrary, there may be biliary epithelial changes,
mild hepatocyte necrosis, and lymphoid cell infiltration
just in the early stages of PBC.
Drug-induced hepatitis may also have a clinical
picture similar to that of PBC. In these cases, hepatic
damage is associated with the use of drugs and
characterized by an acuter onset and rapid development
of jaundice (about 4-6 wk).
The etiology of liver diseases concurrent with
cholestasis caused by exogenous factors is established
by carefully collecting the history data of a patient and
those around him; that in viral hepatitis is determined
using the serological markers of hepatitis B, C, D and
other viruses.
Patient age, the presence or absence of AMAs and
other autoantibodies (most commonly, perinuclear
antineutrophilic cytoplasmic antibodies), and ERCP or
MRCP evidence are of importance for the differential
diagnosis of PBC and PSC. The latter affects mainly
young or middle-aged men. PSC is characterized by
either none or low (< 1:40) AMA titers.
After ERCP and MRCP, PSC patients are noted to
have an impaired typical structure of bile ducts as
unevenness in the lumen of the common bile duct,
deformations of the extra- and intrahepatic bile
ducts, and the appearance of well-defined irregula

absent in the typical pattern of the disease, when its
stage and activity should be determined, or when
[252]
the overlap syndrome is suggested
. The PBCassociated morphological changes are characterized
by a peculiar mosaicism of lesions and a stereotypy
of liver tissue reactions. This is due to the fact that
sequential progression from one to another stage may
be manifested in other segments of the organ.

DIFFERENTIAL DIAGNOSIS
PBC should be differentially diagnosed with extrahepatic
cholestasis, sarcoidosis, drug-induced hepatitis, PSC,
and AIH. Moreover, the diagnosis of PBC in the absence
[47,152]
of AMAs may pose particular problems
.
In asymptomatic PBC, it may be difficult to make a
differential diagnosis of Paget’s disease characterized
by enhanced serum ALP activity. Determination of the
activities of γ-GT and ALP isoforms permits a reliable
diagnosis. Enhanced γ-GT activity is typical of PBC
rather than Paget’s disease. The determination of
hepatic and osseous ALP isoforms reveals an increase
in the former in PBC and in the latter in Paget’s
disease.
AUS, EUS, MRCP, and ERCP data are of decisive
importance in differentially diagnosing PBC and extra
hepatic cholestasis-accompanied diseases.
The detection of tissue granulomas may suggest
cholestatic sarcoidosis. In sarcoidosis, serum AMAs
are absent and the Kveim-Siltzbach test is positive
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rity segments, by alternating stenosis and saccular
enlargements.
The differential diagnosis of AIH frequently presents
problems in advanced-stage PBC. There are simplified
criteria for the diagnosis of AIH, such as serum ANAs,
SMAs (1:80 or more), antibodies to soluble liver antigen,
or autoantibodies to liver/kidney microsomal antigen
in a titer of ≥ 1:40; elevated IgG levels above 1.1 of
the upper limit of normal; liver tissue morphological
changes corresponding to chronic hepatitis, as well as
[252]
no markers for hepatitis viruses .
Furthermore, PBC is characterized by higher IgM
levels than IgG levels, which also enables PBC and AIH
[253,254]
to be differentiated
.
When ANAs and SMAs at the diagnostic titer are
detected in a PBC patient, the overlap syndrome
[255]
should be diagnosed
. Histological examination
shows the signs of the two diseases, such as in
trahepatic bile duct injury, lymphocytic plasma cell
infiltrates, bridging hepatocyte necrosis, etc.

2
3
4
5
6
7

8

9

CONCLUSION

10

Incidence and prevalence rates of PBC are increasing
[15]
over time . During the last several years, advanced
biochemical assays, further delineation of specific
liver histological findings, more effective serum auto
antibody detection methods and improved diagnostic
abilities have led to higher prevalence estimates
[2,6,22,29,256]
worldwide
. PBC is diagnosed more frequently
than it was a decade ago because of its greater
recognition by physicians, the widespread use of auto
mated blood testing and the AMA test, which is relatively
[35,245]
specific for the diseases
.
Due to advances in testing methodology, many
cases of PBC are diagnosed early in the asymptomatic
phase, and early diagnosis of PBC provides a much
better prognosis. Early diagnosis and treatment of PBC
of UDCA is effective in delaying the development of
[3,206,257-259]
hepatic fibrosis and esophageal varix
.
Further improvements in immunological assays
for detecting autoantibodies (to bile duct epithelial
proteins) will be able to optimize a diagnostic search
in cholestatic liver damages in the absence of AMAs,
in very advanced-stage PBC, and bile duct injuries of
unknown origin.
Clinicians should be practically alert to the need
for early diagnosis, during the long latent period of
the disease, in the susceptible middle-aged female
population to ensure that such subjects do gain benefit
from disease-retarding therapy, at whatever stage
[260]
their disease may be
. This is already happening
to some degree, if we compare what PBC was like 20
[261]
[262]
years ago
to what it is today .
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MINIREVIEWS

Geographic differences in low-dose aspirin-associated
gastroduodenal mucosal injury
Katsunori Iijima, Tooru Shimosegawa
formation. There have been conflicting results about
the potential interaction between these two ulcerogenic
factors and the geographic areas involved. In Western
countries, the prevalence of gastroduodenal ulcers is
consistently higher in H. pylori -positive low-dose aspirin
(LDA) users than in H. pylori -negative ones, suggesting
that H. pylori infection exacerbates LDA-induced
gastroduodenal mucosal injury in these geographic
areas. Meanwhile, previous studies from Japan have
generally reported a similar prevalence of LDA-induced
gastroduodenal mucosal injury regardless of the presence
of H. pylori infection, indicating that the infection is not
an overall exacerbating factor for drug-induced injury. H.
pylori infection could have a synergistic or antagonistic
interaction with LDA use in adverse gastroduodenal
events depending on gastric acid secretion. It is wellrecognized that the net effect of H. pylori infection on
gastric acid secretion shows considerable geographic
variation at the population level. While gastric acid
secretion levels were not decreased and were wellpreserved in most patients with H. pylori infection from
Western countries, the majority of Japanese patients
with H. pylori infection exhibited decreased gastric acid
secretion. Such large geographic differences in the net
effect of H. pylori infection on gastric acid secretion
could be at least partly responsible for the geographically
distinct interaction between LDA use and H. pylori
infection on adverse gastroduodenal lesions.
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Abstract
Aspirin, even at low doses, has been known to cause
upper gastro-intestinal complications, such as gastro
duodenal ulcers, despite the definite benefits from its
antithrombotic effects. Helicobacter pylori (H. pylori ) is
major pathogen responsible for gastroduodenal ulcer
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Core tip: There have been conflicting results about the
potential interaction between these low-dose aspirin
(LDA) use and Helicobacter pylori (H. pylori ) infection
on the gastroduodenal ulcers and the geographic areas
involved. H. pylori infection could have a synergistic
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suggested that endoscopic ulcers could be a possible
[10]
surrogate endpoint for upper GI injury .
In this study, we surveyed the prevalence of gas
troduodenal mucosal injury (mainly endoscopic ulcers
and erosions) in chronic LDA users from various parts
of the world; we compared the incidence between H.
pylori-positive and -negative subjects; and we then
attempted to estimate future trends of LDA-induced
upper GI injury in Asia in the post-H. pylori era, where
infection rates have decreased globally.

or antagonistic interaction with LDA use in adverse
gastroduodenal events depending on gastric acid
secretion. Large geographic differences in the net effect
of H. pylori infection on gastric acid secretion could be
at least partly responsible for the geographically distinct
interaction between LDA use and H. pylori infection on
adverse gastroduodenal lesions.
Iijima K, Shimosegawa T. Geographic differences in low-dose
aspirin-associated gastroduodenal mucosal injury. World J
Gastroenterol 2015; 21(25): 7709-7717 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i25/7709.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i25.7709

DIFFERENCES IN THE PREVALENCE
OF LOW-DOSE ASPIRIN-INDUCED
GASTRODUODENAL INJURY BETWEEN
WESTERN COUNTRIES AND JAPAN

INTRODUCTION

There have been 4 prospective studies reporting the
prevalence of endoscopic ulcers/erosions in chronic LDA
[11-14]
users in European and North American countries
:
2 studies reported the prevalence of endoscopic
[12,13]
ulcers
, 1 study reported the combined prevalence
[11]
of endoscopic ulcers and/or erosions , and the
remaining study reported the prevalence of ulcers as
[14]
well as ulcers and/or erosions . Overall, these studies
reported a relatively high prevalence of endoscopic
ulcers from 10.7% to 39.1% and a high combined
prevalence of endoscopic ulcers/erosions (47.8% and
68%). However, because of the widespread availability
of endoscopic examinations, there have been a
relatively large number of studies, 7 in total, reporting
the prevalence of endoscopic ulcers and/or erosions
[15-21]
among chronic LDA users in Japan
. All studies
[15-21]
presented the prevalence of endoscopic ulcers
,
and 4 studies also presented the combined prevalence
[16,18,19,21]
of endoscopic ulcers and/or erosions
. These
studies showed a low prevalence of endoscopic ulcers,
from 4% to 20%, although the combined prevalence
of endoscopic ulcers and/or erosions was relatively
high in the 4 studies, ranging from 29.2% to 57.3%.
Taking all the results reported from each geographic
area, 101 of 478 of chronic LDA users (21.1%) from
Western countries and 266 of 3685 chronic LDA
users (7.2%) from Japan suffered from peptic ulcers
(Table 1). Thus, although it may be difficult to make
a direct comparison due to variations in the study
subjects (inclusion and exclusion criteria, proportion of
concomitant administration of proton pump inhibitors:
PPI) and the study design (e.g., the definition of
ulcer, retrospective or prospective sampling) among
these studies, there appear to be differences in the
prevalence of peptic ulcers among LDA users between
Western countries and Japan; that is, the prevalence is
likely to be lower in Japan than in Western countries.
Meanwhile, the combined prevalence of endoscopic
ulcers and/or erosions in LDA users is more comparable
between Western countries and Japan (47.8% to 68%
vs 29.2% to 57.3%) (Table 1).

Use of aspirin at relatively low doses (usually ranging
from 75 to 325 mg/d) is now widespread as an anti
thrombotic drug for the prevention of cerebrovascular
[1-3]
and cardiovascular diseases . Although the use of lowdose aspirin for primary and secondary prophylaxis is
[4]
still less prevalent in Asia than in Western countries ,
aspirin use has also become a common clinical practice
among Asian patients with atherothrombotic diseases or
[5]
multiple cardiovascular risk factors . However, despite
the well-defined benefits from the antithrombotic
effects, aspirin, even at a low dose, has been recognized
to yield upper gastro-intestinal (GI) complications such
[6]
as gastroduodenal ulcers . The identification of highrisk groups for low-dose aspirin (LDA)-induced GI
mucosal injury and targeted administration of gastroprotective drugs to the high-risk groups is essential
for stabilizing prolonged LDA administration, consi
dering that numerous people are now taking aspirin
prophylactically.
Helicobacter pylori (H. pylori) is major pathogen
responsible for the formation of peptic ulcers in the
upper GI tract. Currently, H. pylori infection and the
use of non-steroidal anti-inflammatory drugs (NSAIDs),
including LDA, have been identified as the two major
[7]
causes of peptic ulcers . It is well-recognized that
the H. pylori infection rate is still higher in Asian than
in Western populations, although the infection rate
[8]
is decreasing in Asian countries . Considering that
there could be a potential interaction between these
[9]
two ulcerogenic factors , the prevalence of adverse
gastroduodenal mucosal injury in LDA users could be
modulated by H. pylori infection rates that are different
in Asia and Western countries.
As most LDA-induced ulcers are asymptomatic and
small, ulcer complications (bleeding and perforation)
are the real clinical problems in LDA-induced adverse
upper GI events. However, as occurrences of ulcer
complications are relatively rare in chronic LDA
[6]
users , endoscopic ulcers are frequently employed as
an endpoint for LDA-induced upper GI injury in clinical
studies. A recent review of the available literature
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Table 1 Differences in the prevalence of endoscopic ulcers and erosions in low-dose aspirin users between Western countries and
Japan
Ref.

Kordecki et al[11], 1997
Pilotto et al[12], 2004
Yeomans et al[13], 2005

Niv et al[14], 2005
Subtotal

Shiotani et al[15], 2009
Nema et al[16], 2009
Kawai et al[17], 2010
Tamura et al[18], 2011
Fujisawa et al[19], 2011
Kawamura et al[20], 2013
Uemura et al[21], 2014
Subtotal

Countries

Study design

Sample size

Definition of ulcers

Poland
Italy
Australia, United
Kingdom Canada,
Spain,
Israel

Prospective
Prospective
Prospective

96
245
187

Greater than 5 mm

Prospective

Japan
Japan
Japan
Japan
Japan
Japan
Japan

Prospective
Prospective
Prospective
Prospective
Retrospective
Retrospective
Prospective

46
478 ulcers,
142 ulcers and/or
erosions
305
236
101
150
1213
226
1454
3685 for ulcers,
3053 for ulcers and/or
erosions

25.7%
10.7%

68.0%
-

Greater than 3 mm

39.1%
21.1%

47.8%
61.2%

Greater than 5 mm
Greater than 5 mm
Greater than 3 mm
Greater than 3 mm
Greater than 5 mm
Greater than 5 mm
Greater than 5 mm

12.4%
11.0%
15.8%
4.0%
5.9%
6.2%
6.5%
7.2%

48.4%
37.3%
57.3%
29.2%
36.1%

Greater than 3 mm

and in 18% of H. pylori-negative ones. Similarly, Pilotto
[12]
et al
conducted an observational study in Italy, in
which 245 chronic LDA users were enrolled and the
prevalence of endoscopic ulcers was evaluated. A
significantly higher prevalence of peptic ulcers was
observed in H. pylori-positive than H. pylori-negative
subjects (37% vs 16%, P < 0.01). In addition,
[11]
Kordecki et al conducted a prospective observational
study in Poland, in which 96 chronic LDA users were
enrolled and the prevalence of endoscopic ulcers and/
or erosions was evaluated. They found a very high
prevalence of the lesions in H. pylori-positive patients
compared with that in H. pylori-negative patients (75%
vs 35%, p < 0.01). These studies consistently found
large differences in the adverse gastroduodenal events
between H. pylori-negative and -positive LDA users;
there is, a significantly higher prevalence in H. pyloripositive LDA users than H. pylori-negative ones. Thus,
H. pylori infection clearly exacerbates LDA-induced
gastroduodenal mucosal injury in Western countries.
In contrast, the interaction between H. pylori
infection and LDA use in gastroduodenal mucosal
injury is considerably different in Japan than in
Western countries. Five studies conducted in Japan
investigated the prevalence of endoscopic ulcers in
LDA users in the presence and absence of H. pylori
[15,18,21,24,25]
infection
. In a prospective observational
[15]
study among 305 chronic LDA users, Shiotani et al
reported a similar prevalence of endoscopic ulcers
between H. pylori-positive and -negative subjects
[25]
(13% vs 12%). Likewise, Iijima et al
and Watanabe
[24]
et al
independently reported a similar prevalence of
endoscopic ulcers in a relatively small number of LDA
users between H. pylori-positive and -negative subjects
(17% vs 13% and 20% vs 19%, respectively). In

DIVERSE EFFECTS OF H. PYLORI
INFECTION ON LOW-DOSE ASPIRININDUCED GASTRODUODENAL INJURY
IN WESTERN COUNTRIES AND JAPAN
There have been some studies comparing H. pylorinegative and -positive subjects in terms of the
prevalence of gastroduodenal mucosal injury among
chronic LDA users. These comparisons of the presence
or absence of H. pylori infection within the same study
design should be more reliable than those of the
prevalence of events among different studies (Table 2).
Four studies from Western countries have reported
the prevalence of different outcomes of LDA-related
adverse gastroduodenal events (endoscopic ulcers,
endoscopic ulcers and/or erosions, and upper GI
bleeding) separately in H. pylori-negative and -positive
[11,12,22,23]
[22]
subjects
. Feldman et al
conducted a
prospective comparative study in the United States
in which either low-dose aspirin (81 or 325 mg/d) or
placebo was administered to 61 healthy volunteers
for 45 d. They found that erosive disease from LDA
(erosions and/or ulcers) occurred in 50% of H. pyloripositive subjects, which was significantly higher than
that observed in H. pylori-negative subjects (16%) (P
[23]
= 0.02). Lanas et al
conducted a case-controlled
study in Spanish patients, in which 98 chronic users of
LDA with peptic ulcer bleeding were enrolled as cases
and 147 chronic users without the upper GI lesions
were also enrolled as controls. They found a H. pylori
infection rate of 90% in the cases, a rate that was
significantly higher than in the controls (69%) (P <
0.01) and which corresponded to the prevalence of
upper GI bleeding in 46% of H. pylori-positive subjects
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Table 2 Diverse effects of Helicobacter pylori infection on low-dose aspirin-induced gastroduodenal injury between Western
countries and Japan n (%)
Ref.

Countries

Subjects

Study design

Kordecki et al[11], 1997

Poland

96 chronic LDA users

Observational

Feldman et al[22], 2001

United States

61 healthy volunteers

Lanas et al[23], 2002

Spain

245 chronic LDA users

Pilotto et al[12], 2004
Hart et al[31], 2010

Italy
Australia, United
Kingdom Canada,
Spain,
Japan
Japan

245 chronic LDA users
206 chronic LDA users

Shiotani et al[15], 2009
Tamura et al[18], 2011
Watanabe et al[24], 2011
Uemura et al[21], 2014

Japan
Japan

305 chronic LDA users
150 asymptomatic
chronic LDA users
75 chronic LDA users
1454 chronic LDA users

Iijima et al[25], 2015

Japan

100 chronic LDA users

Outcomes

Prevalence of outcomes
(H. pylori -positive vs -negative)

Endoscopic ulcers
and erosions
Interventional study
Endoscopic ulcers
(LDA vs placebo)
and erosions
Case-control
Upper gastrointestinal
bleeding
Observational
Endoscopic ulcers
Observational
Endoscopic erosions

49 (75) vs 11 (35)
11 (50) vs 4 (16)
88 (46) vs 10 (18)
41 (37) vs 21 (16)
27 (40) vs 78 (64)

Observational
Observational

Endoscopic ulcers
Endoscopic ulcers

22 (13) vs 16 (12)
3 (4.4) vs 3 (3.7)

Observational
Observational
Observational

Endoscopic ulcers
Endoscopic ulcers
Endoscopic erosions
Endoscopic ulcers

7 (20) vs 8 (19)
59 (8.4) vs 35 (4.6)
132 (19) vs 293 (39)
10 (17) vs 5 (13)

H. pylori: Helicobacter pylori; LDA: Low-dose aspirin.

[18]

addition, Tamura et al reported a relatively low overall
prevalence of endoscopic ulcers in 150 asymptomatic
chronic LDA users, in which the prevalence was similar
between H. pylori-positive and -negative subjects
(4.5% vs 3.7%). Finally, in a multicenter, large-scale
study comprising 1,454 chronic LDA users, Uemura
[21]
et al
demonstrated a higher but non-significant
prevalence of endoscopic ulcers in H. pylori-positive
subjects compared with H. pylori-negative ones (8.4%
vs 4.6%), in which a multivariate regression analysis
indicated a weak but significant positive association
between H. pylori infection and LDA use for the risk
of gastroduodenal ulcers. Nonetheless, this study also
demonstrated a much lower prevalence of endoscopic
erosions in H. pylori-positive subjects compared with H.
pylori -negative ones (19% vs 39%, p < 0.0001). Thus,
these studies from Japan generally reported a similar
prevalence of LDA-induced gastroduodenal mucosal
[21]
injury regardless of H. pylori infection status .
Consequently, while the difference in the preva
lence of LDA-induced gastroduodenal injury between
Western countries and Japan was relatively small in
H. pylori-negative subjects (e.g., 16% to 35% vs 4%
to 19%), the difference became larger in H. pyloripositive subjects (e.g., 37% to 75% vs 5% to 20%).
Thus, it seems that H. pylori-positive Japanese subjects
are more resistant to LDA-induced gastro-duodenal
mucosal injury than H. pylori-positive Westerners.
Although there has recently been a marked decline in
H. pylori infection rates among the general Japanese
population, especially among the young and middleaged populations, the infection rate is still high (60%)
[26]
in the elderly . Hence, the fact that there are no
additional exacerbating effects of H. pylori infection
on gastroduodenal mucosal injury in Japanese LDA
users will likely result in a notably lower prevalence of

WJG|www.wjgnet.com

gastroduodenal ulcers in Japanese LDA users overall.
The potential diverse effect of PPI administration
on the LDA-induced gastroduodenal mucosal injury
between H. pylori-negative and -positive subjects
need to be addressed when comparing the prevalence
between the Japanese and Westerners because many
of these studies comprised a portion of LDA users with
co-treatment of PPI. However, thus far, there has been
no consistent conclusion on this issue; that is, although
a study reported that PPI treatment is more efficient to
suppress LDA-induce adverse gastroduodenal lesions
in H. pylori-negative subjects than in H. pylori-positive
[27]
[28]
ones , another study reported the opposite result ,
and the remaining studies have indicated that the
treatment is efficient to the same degree regardless
[29,30]
of the infection status
. In addition, the different
association of H. pylori infection with LDA-induced
adverse gastroduodenal lesions between Western
and Japanese subjects seems to persist in the three
studies in which patients with co-treatment of PPI were
[11,22,25]
excluded
. Thus, the inclusion of PPI users could
have a minimal impact on the geographic difference in
LDA-induced adverse gastroduodenal lesions according
to H. pylori infection status.
It should also be noted that the prevalence
of exclusive endoscopic erosions is significantly
lower in H. pylori-positive subjects than in H. pylori
-negative ones not only in Japan but also in Western
[21]
countries. Uemura et al
reported a significantly
lower prevalence of endoscopic erosions in Japanese
H. pylori-positive LDA users compared with H. pylorinegative ones as described above (19% vs 39%, P <
0.0001). Similarly, in a multination study comprising
[31]
Canada, Australia, England, and Spain, Hart et al
reported a significantly lower prevalence of endoscopic
erosions in H. pylori-positive LDA users compared with
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that in H. pylori-negative ones (40% vs 64%, P =
0.03). Hence, H. pylori infection may play a protective
role in the formation of gastroduodenal erosions in
LDA users regardless of the geographic area; however,
the infection affects the subsequent process of ulcer
formation differently in Western countries and Japan.
The infection could exacerbate the small, eroded
mucosal injury (erosions) initially created by LDA more
aggressively in Western countries than in Japan.

the interaction between H. pylori infection and LDA use
on adverse gastroduodenal lesions.
H. pylori infection may be synergistic with LDA
use in adverse gastroduodenal events through se
veral plausible mechanisms. NSAIDs/aspirin reduce
mucosal capillary blood flow and cause ischemic
changes by inducing the adhesion of neutrophils to
endothelial cells, leading to neutrophil-mediated tissue
[7,37,38]
injury
. Hence, as the neutrophil chemotaxis
induced by H. pylori infection in the gastric mucosa
may exacerbate gastric mucosal injury in aspirin
users as shown in a previous animal model study
that indicated that although H. pylori infection
potentiated aspirin-induced gastric mucosal injury,
pre-treatment with anti-neutrophil serum attenuated
[39]
the synergistic action . Otherwise, H. pylori infection
could potentiate LDA-induced gastric mucosal injury
by hampering the gastric adaptation to the agent. The
normal gastric mucosa could become more tolerant
or adapted in response to the repeated administration
[40,41]
of noxious agents such as aspirin
. A previous
study demonstrated that the presence of H. pylori
infection significantly impaired such an adaptive
response to aspirin, and its eradication restored the
[42]
response . Thus, H. pylori infection and aspirin could
synergistically potentiate the gastric mucosal injury.
However, such a synergistic interaction could
only occur in the presence of sufficient amounts of
gastric acid. In the absence of sufficient amounts of
gastric acid, this potential synergistic effect could be
completely offset, and the H. pylori infection could
even repress aspirin-induced gastric mucosal injury.
Our recent study noted this biphasic effect of H. pylori
[43]
infection on LDA-induced gastric injury . In that
study, we determined H. pylori status and individual
gastric acid secretion levels in 93 chronic LDA users,
and we classified the drug users into 3 groups: H.
pylori-negative subjects, H. pylori-positive nonhyposecretors, and H. pylori-positive hyposecretors.
Consequently, setting H. pylori-negative patients
as the reference, H. pylori infection was positively
associated with intensive gastric mucosal injury
among non-hyposecretors with an odds ratio (OR)
of 4.2 and 95%CI of 1.1-17.1, whereas the infection
was negatively associated with the injury among
hyposecretors with an OR of 0.3 and a 95%CI of
[43]
0.1-0.9 . These findings were supported by those
[15]
of another study conducted by Shiotani et al
in
Japanese patients, which demonstrated that corpus
atrophy serologically defined by the serum pepsinogen
value, a well-known surrogate for hypochlorhydria,
decreased the risk of aspirin-induced ulcers.
It is well-recognized that the net effect of H. pylori
infection on gastric acid secretion shows considerable
geographic variation at the population level. Gastric
acid secretion levels were not decreased and were
well-preserved in most patients with H. pylori infection
[44-46]
from Western countries
. In contrast, the majority

ESSENTIAL ROLE OF GASTRIC ACID
IN PROVOKING ASPIRIN-INDUCED
GASTRODUODENAL MUCOSAL INJURY
Gastric acid plays an essential role as an aggressive
factor in upper GI mucosal injury through hydrochloric
(HCl) acid back-diffusion into the epithelium, which
is also true for aspirin-induced gastric mucosal
[7,32]
damage
. In a previous animal model study,
parenteral aspirin produced extensive gastric mucosal
injury in the presence of luminal acid (pH 1.3), but did
not induce gastric mucosal injury with the intragastric
instillation of saline (pH 3.7), suggesting that aspirininduced gastric mucosal injury only occurs in the
[33]
presence of acid . In addition, we recently clarified
that individual gastric acid secretion levels in human
chronic LDA users is pivotal in determining the extent
of aspirin-induced gastric mucosal injury. Whereas the
administration of LDA showed only a modest increase
in the risk of gastric mucosal injury in the absence of
a sufficient level of gastric acid secretion, the dosing
greatly elevated the risk in those with sufficient gastric
[34]
[35]
acid secretion . Similarly, Nishino et al , using 24-h
pH monitoring in healthy volunteers, demonstrated
that the extent of LDA-related gastroduodenal mucosal
injury is positively associated with gastric acidity.
Furthermore, the preventive effect of a potent inhibitor
of gastric acid secretion, a PPI, on aspirin-induced
gastroduodenal mucosal injury also supports this point
[27-30]
of view
. Taken together, these studies in an animal
model and in humans indicated an essential role of
gastric acid in provoking LDA-induced gastroduodenal
mucosal injury.

BIPHASIC EFFECT OF H. PYLORI
INFECTION ON LOW-DOSE ASPIRININDUCED GASTRODUODENAL INJURY
H. pylori infection is known to diversely affect
gastric acid secretion; that is, infection could yield
an elevation, decline, or no change in gastric acid
secretion according to the distribution of inflammation
[36]
or atrophy within the stomach . Given the essential
role of gastric acid in the formation of LDA-induced
gastroduodenal injury, such diverse effects of H. pylori
infection on the gastric acid secretion could modulate
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of Japanese patients with H. pylori infection exhibited
[47,48]
decreased gastric acid secretion
, and the overall
gastric acid secretion in H. pylori-positive Japanese
[49]
subjects was half of that in H. pylori-negative ones .
In addition, gastric acid secretion further declines with
age in the H. pylori-positive Japanese subjects with the
[47]
advance of gastric atrophic changes . Accordingly,
gastric acid secretion is profoundly decreased in
H. pylori-positive Japanese subjects, especially in
the elderly, who are frequently administered antithrombotic therapy with LDA for the prevention of
cerebrovascular and cardiovascular diseases. Thus,
such a large geographic difference in the influences
of H. pylori infection on gastric acid secretion could
at least partly account for the different prevalence of
adverse gastroduodenal lesions observed in H. pyloripositive LDA users in Western countries and Japan.

IDENTIFICATION OF HIGH-RISK GROUPS
OF ADVERSE GASTRODUODENAL
EVENTS AMONG H. PYLORI-POSITIVE
LDA USERS
The vulnerability of chronic LDA-users to the druginduced gastric mucosal injury seemed to be largely
defined by the individual gastric acid secretion level
of H. pylori-positive patients. Accordingly, a H. pyloripositive gastric hypersecretor could be classified
in a high-risk group for adverse gastroduodenal
events; hence, these patients should be assigned
to concomitant treatment with PPIs even without
conventional risk factors (e.g., a history of peptic
ulcers) when physicians commence prolonged LDA
therapy. Otherwise, eradication therapy might lead to
significant long-term preventive effects on LDA-induced
gastric mucosal injury among H. pylori-positive chronic
LDA users with gastric hypersecretion, as in patients
[56,57]
with ulcer history
. The extraction of high-risk
groups from the general H. pylori-positive LDA users
by estimating the individual’s gastric acid secretion
level would be particularly effective in a country such
as Japan where the H. pylori infection rate is high in
[26]
the elderly
and the majority of H. pylori-positive
[48-50]
subjects exhibit decreased acid secretion levels
.
Gastric acid secretion levels can be roughly esti
mated by simple serum measurements of pepsinogen
[58,59]
concentrations
, and we found that H. pyloripositive LDA users with a pepsinogen (PG) I/II
ratio of 3.3 or higher, a surrogate marker of gastric
hypersecretion, had an extremely high risk for drug[25]
induced gastropathy . Moreover, endoscopic findings
could also provide some useful information for
estimating gastric acid secretion levels. We reported
that among non-LDA users, erosion and hematin
formation in the antrum could be useful markers for
gastric hypersecretors; in particular, the co-existence
of these findings identified H. pylori-positive gastric
[60]
hypersecretors with a specificity of 95% . Accordingly,
the implementation of these tests for H. pylori-positive
patients before the commencement of prolong LDA
treatment would be helpful to identify a high-risk group
of adverse gastroduodenal events.

HOMOLOGY OF H. PYLORI-INDUCED
GASTRITIS IN JAPAN AND OTHER EAST
ASIAN COUNTRIES
Thus far, there have been no reports from other
Asian countries regarding either the prevalence of
gastroduodenal ulcers in LDA users and the presence
or absence of H. pylori infection or the effects of
H. pylori infection on gastric acid secretion. The
distribution of inflammation and mucosal atrophy
determine the outcomes of H. pylori infection on
[36,50]
gastric acid secretion
. There are some studies
evaluating international comparisons of histological
findings in H. pylori-positive subjects. In comparisons
among 4 Asian countries (Japan, China, Thailand, and
Vietnam), histological findings were similar between H.
pylori-positive Chinese and Japanese subjects, which
were different from those of Thai and Vietnamese
[51,52]
subjects
. Another study indicated that the pattern
of H. pylori infection-induced gastritis may differ
between Korean and Japanese patients compared
[53]
with Americans . These results indicated histological
homology in H. pylori-infected subjects among East
Asian countries. This notion is also supported by the
fact that a high prevalence of non-cardiac gastric
carcinoma is common in H. pylori-positive subjects
[54]
from East Asian countries . The strain diversity
of H. pylori could be responsible for the histological
homology in East Asia. For example, H. pylori-related
virulence factor cytotoxin-associated antigen A (CagA),
particularly the more virulent East Asian subtype, is
[55]
highly prevalent in East Asian countries . Hence,
gastric acid secretion should supposedly decrease
in the presence of the infection in other East Asian
populations, such as in Japan, implying that LDAinduced gastroduodenal mucosal injury could be
suppressed in H. pylori-positive aspirin users in these
geographic areas.
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FUTURE TREND OF LOW-DOSE ASPIRININDUCED GASTRODUODENAL INJURY
IN ASIA
Aspirin is one of the most effective antiplatelet agents
for long-term vascular disease prevention in those
[61]
with a high risk of cardio/cerebrovascular diseases ,
and the administration of aspirin for prevention
is consistently recommended by international
[1-3]
guidelines . The mortality and morbidity of acute
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coronary diseases are increasing in Asia, and the
dominant pattern of cerebrovascular disease in Asia
has shifted from hemorrhagic stroke to ischemic
[4]
stroke . Hence, although prophylactic aspirin is still
underutilized in Asian countries and is at present
prescribed at a 20% to 30% lower rate than in
[4,5]
Western countries , it will be expected to further
increase in Asia in the near future. In addition, the
accumulating evidence supporting the benefits of
aspirin in the prevention of colorectal and other
[62,63]
cancers
will likely enhance the demand for aspirin
use worldwide further.
In recent decades, the H. pylori infection rate
has declined in Asian countries, especially among
the younger populations; furthermore, the infection
rate is likely to also substantially decrease in the
[8]
elderly . Accompanying this change, the prevalence
of ordinary H. pylori-positive peptic ulcer is declining in
[64]
Japan . However, during this period, the proportion
of drug (mainly NSAIDs/aspirin)-induced ulcers has
[65,66]
increased
. Considering that H. pylori infection could
play a protective role in LDA-induced gastroduodenal
mucosal injury in the majority of infected subjects
in East Asia, we believe that the prevalence of LDAinduced ulcer will not decrease despite the declining
rate of H. pylori infection. Rather, the increasing use
of the drug is likely to increase the prevalence of LDAinduced ulcers in Asian countries. Currently, because H.
pylori infection could have diverse effects on the LDAinduced adverse gastroduodenal lesions, especially in
Eastern Asia, appropriate measures to extract highrisk groups among these patients and administer the
concomitant gastro-protective drugs to the targeted
subjects need to be established.
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Abstract

Core tip: The geranium is an alternative preventive
agent to protect the liver from diverse substances
that cause cellular damage, such as ethanol (EtOH).
In this paper, according to the phytochemical studies,
administering geranium and its compounds, primarily
tannins, provided evidence of potentially being
protective against liver damage caused by EtOH.

AIM: To evaluate the effect of an extract of Geranium
schiedeanum (Gs) as a hepatoprotective agent against
ethanol (EtOH)-induced toxicity in rats.
METHODS: Male Wistar rats weighing 200-230 g were
subjected to a 70% partial hepatectomy (PH); they were
then divided into three groups (groups 1-3). During the
experiment, animals in group 1 drank only water. The
other two groups (2-3) drank an aqueous solution of
EtOH (40%, v/v). Additionally, rats in group 3 received
a Gs extract daily at a dose of 300 mg/kg body weight
intragastically. Subsequently, to identify markers of liver
damage in serum, alanine aminotransferase, aspartate
aminotransferase, albumin and bilirubin were measured
by colorimetric methods. Glucose, triglyceride and
cholesterol concentrations were also determined. In
addition, oxidative damage was estimated by measuring
lipid peroxidation [using thiobarbituric-acid reactive
substances (TBARS)] in both plasma and the liver and
by measuring the total concentration of antioxidants
in serum and the total antioxidant capacity in the liver.
In addition, a liver mass gain assessment, total DNA
analysis and a morpho-histological analysis of the liver
from animals in all three groups were performed and
compared. Finally, the number of deaths observed in
the three groups was analyzed.

Madrigal-Santillán E, Bautista M, Gayosso-De-Lucio JA, ReyesRosales Y, Posadas-Mondragón A, Morales-González A, SorianoUrsúa MA, García-Machorro J, Madrigal-Bujaidar E, ÁlvarezGonzález I, Morales-González JA. Hepatoprotective effect of
Geranium schiedeanum against ethanol toxicity during liver
regeneration. World J Gastroenterol 2015; 21(25): 7718-7729
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i25/7718.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i25.7718

INTRODUCTION
When there is a lesion in the liver, hepatic regeneration
normally presents via a complex process that can
be stimulated by diverse processes. Experimentally,
the most utilized hepatic lesion model is one that is
surgically induced through a partial hepatectomy (PH),
[1-5]
which restores the liver function and hepatic mass .
Through this procedure, the anatomical (80%) and
functional restitution of the regenerating liver occurs
approximately 8 d after the PH. Thus, it is a good
model for studying the liver regenerative process
[1,6,7]
under physiological and pathological conditions
.
Because the liver is the main organ that metabolizes
ethanol (EtOH), it suffers the most important harmful
effects due to both the molecule and the products of its
metabolism, including acetaldehyde and free radicals,
which significantly contribute to alcohol-related liver
[8-10]
disease
. Various studies have been conducted to
identify the adverse effects of EtOH administration
on the physiology of this organ and during the liver
regeneration process. Alterations in oxidative stress
(OS), hepatic metabolism and histological changes,
[10-14]
among others
have been identified, with OS being
the main component in the physiopathology of alcoholrelated liver disease.
Conversely, the use of herbal treatments is in
creasingly being used to treat diverse pathologies,
including hepatopathies. There are reports of the
hepatoprotective effects of diverse plants and natural

RESULTS: Administration of the Geranium shiedeanum
extract significantly reduced the unfavorable effect of
ethanol on liver regeneration (restitution liver mass: PHEtOH group 60.68% vs PH-Gs-EtOH group 69.22%).
This finding was congruent with the reduced levels of
hepatic enzymes and the sustained or increased levels
of albumin and decreased bilirubin in serum. The extract
also modified the metabolic processes that regulate
glucose and lipid levels, as observed from the serum
measurements. Lower antioxidant levels and the liver
damage induced by EtOH administration appeared to be
mitigated by the extract, as observed from the TBARs
(PH-EtOH group 200.14 mmol/mg vs PH-Gs-EtOH group
54.20 mmol/mg; p < 0.05), total status of antioxidants
(PH-EtOH group 1.43 mmol/L vs PH-Gs-EtOH group 1.99
mmol/L; p < 0.05), total antioxidant capacity values,
liver mass gain and total DNA determination (PH-EtOH
group 4.80 mg/g vs PH-Gs-EtOH 9.10 mg/g; p < 0.05).
Overall, these processes could be related to decreased
mortality in these treated animals.
CONCLUSION: The administered extract showed a
hepatoprotective effect, limiting the EtOH-induced
hepatotoxic effects. This effect can be related to
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Figure 1 Chemical structure of geraniin (A) and of acetonyl-geraniin (B).

extracts against agents that induce the production of
free radicals, such as EtOH. The bioactivity of these
extracts has been shown to be directly related to the
[15-22]
sequestering capacity of free radicals
, a property
that situates them as an excellent antioxidant.
One order of plants that contain substances with
potential antioxidant properties and can therefore
function as a hepatoprotector is the geranium (Gera
[23,24]
niales)
. Studies are lacking that demonstrate
the capacity of this order. Among the compounds
that have been attracting attention to these plants
are the hydrolyzable tannins, which contain the
dehydrohexahydroxydephenyl group, such as geraniin
(Figure 1a). These tannins can be isolated as condensed
derivatives with acetone and, from some geraniums
(Family: Geraniaceae) such as acetonyl-geraniin (Figure
1b), compounds that exhibit different characteristics
[25]
from their precursors under biological conditions .
Within the genus Geranium, 423 accepted species
are distributed into the following three subgenera:
Erodioidea, Geranium, and Robertium. To date, eight
different species have been classified in the state of
[26]
Hidalgo, Mexico , and only three have been studied so
far. Phytochemical studies on these species indicate the
[23,24]
invariable presence of geraniin
. From this compound,
adducts have been described by condensation with
[27]
ascorbic acid or acetone ; however, these acetone
condensates are known to be much more stable under
pH conditions with solute concentrations similar to those
of plasma; thus, they can be adequate alternatives for
[25,28]
pharmacological studies
. Currently, tannins are
[27,29]
well known for their antioxidant properties
. Tanninprotein complexes in the gastrointestinal tract provide
persistent antioxidant activity, yielding the hypothesis
that studying an additional genus could reveal a novel,
useful hepatoprotective agent to prevent alcohol-related
liver damage.
In this study, we evaluated the hepatoprotective

WJG|www.wjgnet.com

effect of the acetone-water extract of Geranium
schiedeanum (Gs) on the toxicity induced by EtOH on
partial post-hepatectomy liver regeneration in rats.

MATERIALS AND METHODS
Animals

We utilized male Wistar rats with an initial body weight
(BW) of 200-230 g that were obtained from the
Escuela Superior de Medicina (ESM) Bioterium of the
Instituto Politécnico Nacional. The rats were housed in
cages in the Bioterium (ESM). They were maintained
at a temperature of 22 ℃ with 12-h/12-h light-dark
cycles and received standard rat-pellet food (Purina
de México, S.A.) and water ad libitum prior to the
treatments. After 14 d of adaptation, the procedure
was initiated. The protocol and the experimental
procedures were conducted according to the Mexican
Official Norm for the use and care of laboratory
[30]
animals (NOM-062-ZOO-1999, México) .

Obtaining the extract

[21]

We obtained the extract as previously described .
In brief, 1 kg of the dried and ground aerial parts of
Geranium shiedeanum were extracted by maceration
over 7 d with 20 L acetone-water (at a ratio of 7:3)
and were concentrated by reduced pressure until
obtaining a volume of 3 L, which was extracted with
CHCl3, yielding obtaining 12.75 g of F-CHCl3 and 105
of F-Ac). Twenty grams of F-Ac was submitted to
chromatography in a column with Sephadex LH-20,
utilizing mixtures of H2O-MeOH (1:0; 9:1; 4:1; 7:3;
3:2; 1:1; 2:3; 3:7; 1:4; 1:9, and 0:1) with 300 mL
[21]
in each one (Gayosso-de-Lucio et al
2014). The
fractions were grouped based on their chromatographic
profiles using thin-layer chromatography (TLC),
and subsequent chromatographies (silica gel and
C-18) achieved identification of the following four
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majority components: ellagic acid, gallic acid, 3-O-a-L
arabinofuranoside-7-O-a-L-ramnopyranoside of
Kaempferol, and geranium acetonitrile. Notably, the
latter represents approximately 40% of the F-Ac; thus,
[28]
we suggest that it is the active compound .

liver restitution weight and determining the total DNA
concentration. After the rats were killed, the liver of
each animal was resected and washed as previously
described. To estimate the percentage of restitution of
the hepatic mass, we employed a previously reported
[34]
procedure . For this, we proceeded as follows: the
resected liver was weighed, and that weight was
divided by 0.7 to obtain the estimate of the initial
weight (pre-PH) of each liver. The percentage of
restituted hepatic mass was calculated using the
following formula: remnant liver weight/initial liver
[34]
× 100 . The results of each group were utilized to
calculate the average restitution of hepatic mass in
each corresponding group. The DNA concentration was
determined in liver samples according to the technique
[35]
of Labarca and Paigen
as modified by Ramírez[6]
Farías et al .

Surgical procedures

Surgical removal of two-thirds of the liver using a
technique known as a PH was performed according to
[1]
the procedure described by Higgins and Anderson .
The surgical procedures were performed between
08:00 and 10:00 am under light anesthesia with
ethyl ether. As a surgical control, we utilized sham
rats on which we only carried out laparotomy, without
removing the hepatic mass.

Experimental design

After the surgical procedure, the rats were housed
individually. They were grouped (n = 5-6, for each
experimental group) in the following manner: (1)
Control group (sham); (2) group with PH; (3) group
with PH plus intragastric (ig) administration of EtOH
(PH-EtOH); (4) group receiving a hepatectomy, the
Gs extract and EtOH (PH-Gs-EtOH); and (5) group
receiving a PH and the Gs extract (PH-Gs). The rats
in all groups received food and water throughout the
treatment period.
EtOH-treated animals received an ig dose of 1.5
g/kg BW (an EtOH solution at 40% in isotonic saline
solution), equivalent to blood alcohol values between
75 and 150 mg/dL, which have been reported to be
capable of inhibiting the liver regenerative process, as
[7,31,32]
reported previously
. The geranium extract dose
[21]
was 300 mg/kg BW ig, as reported previously . All
treatments (EtOH solution and geranium extract) were
administered daily for 7 d.

Liver histology

Hepatic samples from each group were used for the
light microscopy. Samples were fixed with formaldehyde
(10% in isotonic solution), embedded in wax, and
stained with hematoxylin-eosin. Biopsy specimens
were coded and read blindly without knowledge of the
other data by independent observers at two different
laboratories (J.A.M.G and J.B.R.). The criteria used
to analyze the morphological abnormalities were the
[10]
same as those reported by Morales-González et al
as follows: fatty infiltration (+, mild; ++, moderate;
+++, severe; and ++++, very severe); inflammation
(+, zonal localization, focal inflammatory cells; ++,
moderate, not restricted to one zone of the acinus;
+++, diffuse); and hepatocellular disorganization (+,
isolated foci in zone 3 of the liver acinus; ++, more
widespread; and +++, definitively diffused in the
hepatic acini).

Determination of enzymes and metabolites in serum

Serum and liver samples

The activities of serum alanine aminotransferase [ALT;
expansion coefficient (EC) 2.6.1.2] and aspartate
aminotransferase (AST, EC 2.6.1.1) were measured
colorimetrically using diagnostic kits (Spinreact de
México, SA de CV), following the manufacturer’s
instructions; the results are reported in units/L.
Serum concentrations of glucose, triacylglycerides,
cholesterol, bilirubin, and albumin were determined
by spectrophotometric techniques using diagnostic
kits (Spinreact de México, SA de CV), following the
instructions provided by the manufacture; the results
are reported in mg/dL, except for albumin, which is
reported in g/dL.

On day 8, the animals were sacrificed by decapitation
after being previously anesthetized with pentobarbital
sodium (40 mg/kg BW). Blood samples were obtained
and centrifuged in a clinical centrifuge to obtain the
sera, which were frozen at -70 ℃ for later use. The
liver was isolated, weighed, rapidly placed in cold
phosphate-buffered saline solution (PBS) solution
with a phosphate tampon, pH 7.5), and washed to
completely eliminate the blood. The liver was placed in
9 volumes of cold buffer (sucrose 0.25 mol/L, TRIS 10
mmol/L, EGTA 0.3 mmol/L, and bovine serum albumin
0.2%, pH 7.4). The liver was homogenized using a
homogenizer with a piston-type driver with a Teflon
tip. The homogenate was divided into aliquots and
frozen at -70 ℃ until later use. The total concentration
of protein of the homogenate was determined by the
[33]
method of Lowry , utilizing bovine serum albumin
(BSA) solution as a standard.

total antioxidant status in serum

The total antioxidant status (TAS) was determined
utilizing the Randox Kit (Randox Laboratories Ltd.,
United Kingdom) and is reported in mmol/L.

Parameters of liver regeneration

Total antioxidant capacity in the liver

Liver regeneration was determined by calculating the
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The total antioxidant capacity (TAC) was determined
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Table 1 Liver regeneration parameters in each experimental group after 7 d of treatment with partial hepatectomy, ethanol, and
the Geranium schiedeanum extract
Group

Mortality (%)

Resected liver mass (g)

0
33c,e
0

6.185 ± 0.30
6.374 ± 0.29
6.797 ± 0.33

Sham
PH
PH-EtOH
PH-Gs-EtOH

Final liver weight (g)
9.410 ± 0.47
6.705 ± 0.29
5.525 ± 0.27ª,c,e
6.721 ± 0.31

Restitution of liver mass (%)
100
75.89 ± 3.5
60.68 ± 2.8c,e
69.22 ± 1.4

mgDNA/g liver
4.40 ± 0.35
9.20 ± 0.20ª
4.80 ± 0.15c,e
9.10 ± 0.27ª

Values are expressed as the mean ± SE in each experimental group (n = 5-6). aP < 0.05 vs sham group; cP < 0.05 vs PH group; eP < 0.05 vs PH-Gs-EtOH group.
PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.

with the PH group in terms of any study indicator,
which demonstrated that the Gs extract does not
exert a toxic effect, in agreement with the previously
[21]
reported results .

Table 2 Histopathological changes induced by partial
hepatectomy, ethanol and Geranium schiedeanum extract
treatment in liver cells
Group
Sham
PH
PH-EtOH
PH-Gs-EtOH

Fatty change

Inflammation

Hepatocellular
disorganization

0
+
++/+++
+

0
0
++/+++
+

0
0
0
+/++

Effect of ethanol and Gs extract on the survival and
parameters of liver regeneration

Survival as well as changes in liver regeneration
indicators and DNA concentrations in hepatic tissue
for each study group are depicted in Table 1. The
PH-EtOH group presented a significant diminution in
hepatic indicators (Table 1) compared with the PH
group. Similarly, we observed that the PH-EtOH group
resulted in a 30% mortality rate compared with the PH
group (p < 0.05). In contrast, administration of the Gs
extract (PH-Gs-EtOH) significantly diminished mortality
(p < 0.05) compared with the PH-EtOH group.
With respect to the weight gain of the liver, the
experimental group treated with EtOH in combination
with the Gs extract (PH-Gs-EtOH) demonstrated a
restored weight gain in the liver, obtaining values
comparable to those of the PH group; the difference
between the groups was 6.67%. Conversely, the
PH-EtOH group had an increase of only 60.68% in
restoring hepatic mass with the latter significantly
lower than the pH group (75.89%; p < 0.05).
Additionally, we observed that treatment with EtOH
significantly diminished the concentration of DNA
compared with the PH group (4.80 mg DNA/g vs 9.20
mg DNA/g, p < 0.05). In contrast, the PH-Gs-EtOH
group showed a value of 9.10 mgDNA/g.

Histopathological parameters were evaluated as described in the Material
and Methods. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium
schiedeanum.

using a BioAssay Systems DTAC-100 (CA, United
States), and the result is reported in µmol/mg (Trolox).

Determination of thiobarbituric acid reactive substances

We determined thiobarbituric acid reactive substances
(TBARS) using the DTBA-100 Assay Kit (BioAssay
Systems, CA, United States), following the manufac
turer’s instructions and reporting results in µmol/mg of
protein.

Assay of hepatic enzymes

Enzymes in the samples of liver homogenate were
determined according to standard techniques described
[6,10,36-38]
previously
. We determined the specific activity
of the following enzymes: ALT (EC 2.6.1.2) and AST
(EC 2.6.1.1). The result is expressed as μmol/min per
milligram of protein.

Effect of Gs extract on histological indicators
(fatty change, inflammation, and hepatocellular
disorganization)

Statistical analysis

The results were analyzed using Sigma Plot ver.
12.3 statistical program software. The results are
expressed as the mean ± SE, as required. We carried
out a statistical analysis using Student’s t-test and/
or analysis of variance (ANOVA). We considered
differences among the groups to be statistically
significant when p < 0.05.

In Table 2, we can observe the effect exerted by Gs
on histological changes during liver regeneration
and ethanol administration. A significant increase in
the parameters of fatty change and inflammation
in the PH-EtOH group was observed compared with
the PH group. In the PH-Gs-EtOH group, however,
administering geranium significantly diminished the
increases in fatty change and inflammatory histological
parameters caused by ethanol. In addition, the
geranium extract moderately increased hepatocellular

RESULTS
effect of Gs extract on liver regeneration

The PH-Gs group did not show differences compared
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Table 3 Concentrations of serum metabolites in diverse study
groups
Glucose
(mg/dL)

Sham
PH
PH-EtOH
PH-Gs-EtOH

120 ± 10.50
112 ± 5.30
86 ± 4.20a,c,e
124 ± 8.45

Cholesterol
(mg/dL)

50

Triacylglycerols
(mg/dL)

57 ± 7.80
41 ± 2.50
34 ± 4.3a,e
55 ± 2.81c

U/L

Group

76 ± 3.0
44 ± 4.05a
43 ± 6.0a
39 ± 0.88a

0

3.03 ± 0.12
2.85 ± 0.15
2.72 ± 0.05a,c
3.00 ± 0.10

Bilirubin (mg/dL)
0.07 ± 0.06
0.13 ± 0.01ª
0.15 ± 0.06ª
0.11 ± 0.08ª

PH

PH-EtOH PH-Gs-EtOH

40
30
a,c,e
20
10
0

Metabolites are expressed as mean ± SE (n = 5-6). aP < 0.05 vs sham group;
c
P < 0.05 vs PH-Gs-EtOH group. PH: Partial hepatectomy; EtOH: Ethanol;
Gs: Geranium schiedeanum.

Sham

PH

PH-EtOH PH-Gs-EtOH

Figure 2 Aspartate aminotransferase activity in serum (upper panel) and
in the liver (lower panel) in distinct study groups. Values are expressed as
mean ± SE in each experimental group; n = 5-6). aP < 0.05 vs sham group; cP
< 0.05 vs PH group; eP < 0.05 vs PH-Gs-EtOH group. PH: Partial hepatectomy;
EtOH: Ethanol; Gs: Geranium schiedeanum.

disorganization.

Effects of treatment with Gs extract on serum
concentrations of glucose, triacylglycerides, and
cholesterol

a significant decrease in the serum concentration of
albumin (2.72 g/dL vs 3.03 g/dL, p < 0.05) and an
increase in bilirubin (0.15 mg/dL vs 0.07 mg/dL, p <
0.05) occurred compared with the PH group. However,
in the PH-Gs-EtOH group, we found that the albumin
concentration increased to 3.0 g/dL but that the
bilirubin value decreased to 0.11 mg/dL.

Table 3 illustrates the concentrations of serum me
tabolites whose metabolism primarily occurred in the
liver on 8 d in all of the experimental groups. In the
pH group, the glucose levels exhibited similar levels to
those of the sham group 8 d post-surgery. In contrast,
the PH-EtOH group presented a decrease in serum
glucose levels compared with those of the sham
(120 mg/dL; p < 0.05) and the PH (112 mg/dL; p <
0.05) groups. In contrast, the PH-Gs-EtOH group had
normalized glucose levels, which differed from the PHEtOH group (124 mg/dL vs 86 mg/dL, p < 0.05).
The concentration of serum cholesterol in the PHEtOH group (34 mg/dL) was statistically significant
compared with those obtained in the sham (57 mg/dL;
p < 0.05) and the PH (41 mg/dL; p < 0.05) groups.
Conversely, the concentration of serum cholesterol in
the PH-Gs-EtOH group (55 mg/dL) was found to be
similar to the sham group (57 mg/dL). Independently
to the experimental group, the concentration of
triacylglycerides was found to be lower than that of the
sham group (Table 3).

Activity of ALT and AST in serum and the liver after
treatment with Gs

The effect of the Gs extract was evaluated through
determining the activity of ALT and AST because
these enzymes classically reflect liver function that is
dependent on morphofunctional integrity.
Figure 2 depicts the AST activity in serum (upper
panel) and the liver (lower panel) in the diverse
experimental groups. Whereas the AST activity was
not different in the PH group compared with the
sham group, alcohol administration in rats with PH
induced a significant increase in AST activity in serum
on day 7 post-surgery (Figure 2, upper panel; p <
0.05). In addition, AST activity in the liver presented
the following behavior (Figure 2, lower panel): the
PH-EtOH group showed a decrease in AST activity
compared with the sham (50%; p < 0.05) and the PH
(53%; p < 0.05) groups. In contrast, the PH-Gs-EtOH
group presented levels similar to those in the sham
group.
Figure 3 illustrates the ALT activity in serum
(upper panel) and in the liver (lower panel) in the

Effects of treatment with Gs extract on serum
concentrations of albumin and bilirubin

The results of the metabolic integrity of the liver are
presented in Table 4. Similar concentrations of bilirubin
and albumin in serum were present in the sham group
and the PH group. In contrast, in the PH-EtOH group,
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Sham

50
μmol/min per milligram

Sham
PH
PH-EtOH
PH-Gs-EtOH

30

10

Table 4 Serum concentrations of albumin and bilirubin in
different study groups
Albumin (g/dL)

40

20

Metabolites are expressed as mean ± SE (n = 5-6). aP < 0.05 vs sham
group; cP < 0.05 vs PH group; eP < 0.05 vs PH-Gs-EtOH group. PH: Partial
hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.

Group

a,c,e

60
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160

a,c,e

120
100

a

40

%

U/L

50

30

40

10

20
Sham

PH

0

PH-EtOH PH-Gs-EtOH

Sham

PH

PH-EtOH PH-Gs-EtOH

250
a,c,e

500

a,c,e

200

400
μmol/mg

μmol/min per milligram

600

300
200

150
100
50

100
0

80
60

20

0

a,c,e

140

60

Sham

PH

0

PH-EtOH PH-Gs-EtOH

Sham

PH

PH-EtOH PH-Gs-EtOH

Figure 3 Alanine aminotransferase enzymatic activity in serum (upper
panel) and in the liver (lower panel) in distinct study groups. Values are
expressed as the mean ± SE (n = 5-6). aP < 0.05 vs sham group; cP < 0.05 vs
PH group; eP < 0.05 vs PH-Gs-EtOH group. PH: Partial hepatectomy; EtOH:
Ethanol; Gs: Geranium schiedeanum.

Figure 4 Thiobarbituric acid reactive substances concentration in serum
(upper panel) and in the liver (lower panel) during liver regeneration and
intoxication with ethanol. Values are expressed as the mean ± SE (n = 5-6).
a
P < 0.05 vs sham group; cP < 0.05 vs PH group; eP < 0.05 vs PH-Gs-EtOH
group. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.

experimental groups. In both cases, there was a
significant increase in ALT activity in the PH-EtOH
group compared with the sham and PH groups. In
serum (upper panel), the activity of the enzyme in
the sham group was 45 U/L, whereas a decrease was
observed in the PH group (37.5 U/L) and an increase
was observed in the PH-EtOH group (60 U/L; p < 0.05).
ALT activity in the liver (lower panel) in the sham
group was 53.23 μmol/min/mg without a significant
difference in the PH group (60.08 μmol/min per
milligram); conversely, the PH-EtOH group reported
a significant increase compared with the two prior
groups (399.75 μmol/min per milligram; p < 0.05).
In contrast, rats in the PH-Gs-EtOH group exhibited
a significant decrease in serum ALT levels, reaching
values comparable to those reported for the sham
group. When comparing the ALT levels of this group
with those of the group administered EtOH, we
observed the following findings: serum (upper panel),
PH-EtOH group 60 U/L vs PH-Gs-EtOH group 33 U/L;
p < 0.05; liver (lower panel), PH-EtOH group 399.75
μmol/min per milligram vs PH-Gs-EtOH group 75.20
μmol/min per milligram; p < 0.05.

concentrations in serum (Figure 4, upper panel), the
PH-EtOH group presented a significant increase of 32%
relative to the sham group. In contrast, when the Gs
extract was administered to EtOH-intoxicated rats,
there were no differences between the serum TBARS
concentrations compared with those observed in the
PH and sham groups. The hepatic concentrations of
TBARS in the different study groups are presented in
Figure 4 (lower panel). As observed in the figure, there
was an increase in TBARS in the PH-EtOH group of
200.14 mmol/mg, which was 3.5 and 6.1 times greater
in comparison with the sham group (56.07 mmol/mg)
and the PH group (32.38 mmol/mg), respectively.
In contrast, the PH-Gs-EtOH group demonstrated a
decrease in the hepatic concentration of TBARS (54.20
mmol/mg); this result was significant compared with
the PH-EtOH group (54.20 mmol/mg vs 200.14 mmol/
mg, p < 0.05).

Effect of treatment with Gs extract on the TAS and TAC
concentrations

In Figure 5, the levels of TAS are shown as quantified
in serum (upper panel) and TAC as determined in the
liver (lower panel).
The level of TAS diminished significantly due to the
administration of EtOH (1.43 mmol/L) compared with
the sham group (1.65 mmol/L; p < 0.05) and the PH
group (1.7 mmol/L; p < 0.05). Administration of the
Gs extract resulted in a concentration of 1.99 mmol/L
in the PH-Gs-EtOH group; this finding was significant

Effect of Gs extract on the TBARS concentration in rats
with PH and treatment with EtOH

To evaluate the damage produced by reactive ox
ygen species (ROS), we determined the TBARS
concentration in the liver and serum of animals treated
with EtOH and the Gs extract. Regarding the TBARS
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[42]

proliferation . Acute EtOH administration negatively
alters PH-induced liver regeneration, resulting in a
decrease in cellular regeneration parameters in the
[10,43]
liver remnant
. However, a 1-1.5-g/kg dose of
EtOH has been shown to strongly inhibit thymidine
kinase and thymidylate synthase enzymatic activity
[10,44]
in the remnant liver of rats subjected to PH
.
These enzymes are closely related to the synthesis
of DNA. Due to the high morbidity and mortality
represented by hepatic cirrhosis, studying therapeutic
agents that can prevent or limit the damage caused
by EtOH to the liver is necessary. A relatively new
field consists of using phytochemicals that protect
the liver from damage caused by EtOH. In a recent
study, we reported the chemical composition and
protective effects that are possessed by the Gs extract
[21]
on damage caused by thioacetamide to the liver .
Therefore, in this work, we evaluated the use of the
Gs extract as an alternative in liver lesions utilizing the
liver regeneration model in rats, seeking to form part
of the pioneering reports aiming to show the potential
relevance of using phytochemical extracts to treat
hepatopathies.
Weight gain correlates with DNA concentration,
both of which are cellular proliferation parameters
(Table 1). The increase in DNA concentration is due
to the activity of thymidine kinase and thymidylate
synthase enzyme, which increase in the early phase
[10,45]
of PH-induced liver regeneration
. One of the
mechanisms of damage by EtOH to the hepatocyte,
which inhibits the proliferative process of this organ,
[6,46-48]
is the production of free radicals
; this inhibition
is reverted by the use of diverse antioxidant agents
[6,47,48]
such as vitamins
. The results demonstrate
that in animals with only PH, the DNA concentration
is twice as high as that of the sham group (Table
1). The concentration of DNA diminished in EtOHtreated PH rats, which correlates with a gain in liver
weight; however, in the PH-Gs-EtOH group, weight
gain and DNA concentrations were restored to levels
similar to the PH group. This result and the previous
studies support the possible protective effect of
antioxidants on liver regeneration because of their
capacity to eliminate the free radicals formed by
EtOH metabolism; however, there are differences
in the protective capacity of each antioxidant. Thus,
it is noteworthy that there are differences in their
physicochemical properties, dose, administration
route, and mechanism of action; thus, it is necessary
to conduct more studies that are targeted at finding
the best protective agents. Our data demonstrate the
protective effect of Gs extract on inhibiting the effects
of EtOH on liver regeneration, which has not been
previously reported, to the best of our knowledge.
Morphologically, on 8 d after PH, cellular changes
were no longer observed. The administration of
ethanol during liver regeneration resulted in the
presence of fat drops and moderate-to-severe grade
inflammation (Table 2). However, when the Gs

2.5
a,c

mmol/L

2.0
a,c,e

1.5
1.0
0.5
0.0

Sham

PH

PH-EtOH PH-Gs-EtOH

500
a,e
a,c,e

μmol/mg [Trolox]

400

a,c

300
200
100
0

Sham

PH

PH-EtOH PH-Gs-EtOH

Figure 5 Effect of the Geranium schiedeanum extract on the concentration
of the total antioxidant status in serum (upper panel) as well as the total
antioxidant capacity in liver (lower panel) on liver regeneration and
intoxication with ethanol. Values are expressed as the mean ± SE (n = 5-6).
a
P < 0.05 vs sham group; cP < 0.05 vs PH group; eP < 0.05 vs PH-Gs-EtOH
group. PH: Partial hepatectomy; EtOH: Ethanol; Gs: Geranium schiedeanum.

compared with the sham group, as can be observed in
Figure 5 (upper panel).
In Figure 5 (lower panel), the levels of TAC
determined in the liver are illustrated. The regenerative
process increased the TAC levels, as observed in the PH
group compared with the sham group as follows: 409
µmol/mg[Trolox] vs 237 µmol/mg[Trolox], respectively.
Conversely, EtOH administration diminished the TAC
levels in the PH-EtOH group (360 µmol/mg[Trolox])
compared with the PH group. Finally, in the PH-Gs-EtOH
group, we found a values of 275 µmol/mg[Trolox].

DISCUSSION
Chronic degenerative diseases are increasingly exhi
biting an increase in morbidity and mortality. Among
these pathologies, cirrhosis of the liver and liver cancer
have been found to represent a public health problem
[39]
in Mexico and worldwide . One of the diverse causal
agents of these diseases is chronic consumption of
alcohol; according to the World Health Organization,
[40,41]
alcohol consumption has increased in recent years
.
A good model for studying the mechanisms of damage
due to EtOH and the hepatoprotective effect of diverse
[1-3]
agents is liver regeneration induced by PH in rats .
Liver regeneration is a highly regulated process in
which diverse molecular changes and metabolic
adjustments intervene, which have been characte
rized by an increase in DNA synthesis and cellular
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extract was administered, the accumulations of fat
drops and inflammation were similar to those in the
group in which only PH was performed. Additionally,
structural changes in hepatocellular disorganization
occurred because of the Gs extract administration.
These changes were associated with weight gain of
the remnant liver and the concentration of DNA in the
hepatocytes (Table 1) and were in direct correlation
with the proliferative process, which agrees with the
[10,14]
previously reported results
.
A good indicator of the harmful effect of EtOH on
hepatocyte function during liver regeneration are the
serum metabolites, such as glucose, triacylglycerides,
and cholesterol, which directly regulate this organ.
We previously demonstrated that the regenerative
process of the liver in itself results in a decrease in
serum concentrations of glucose and cholesterol
and an elevation in triacylglyceride levels that return
to their basal levels after completing the regene
[10,46]
rative process
. However, a high dose of EtOH
(5 g/kg) administered immediately after PH has
been shown to increase serum levels of glucose
[38]
and triacylglycerides . In contrast, administering
a low dose of EtOH (1.5 g/kg) at different post-PH
liver regeneration time points causes a decrease in
[10,46]
serum concentration of these metabolites
. Some
[10,34]
reports
have demonstrated that EtOH consumption
increases lipid deposits in the liver and diminishes
protein synthesis; thus, this finding can be associated
with a decrease in serum cholesterol in the EtOH-treated
[34]
rats compared with the sham group. Orrego et al also
suggested a reduction in cholesterol transport through
the organ due to the decrease in the proteins required
for transport. Our results demonstrate that treatment
with EtOH (1.5 g/kg) for 7 d caused a decrease in
serum concentrations of the three metabolites
(glucose, cholesterol, and triacylglycerides) to levels
lower than those of the sham group. This decrease in
triacylglyceride concentration was correlated with a
decrease in liver regeneration (liver weight and DNA
concentration gain) because the increase in serum
triacylglyceride levels was found to be a consistent
characteristic of hepatic proliferation advancement,
which has been attributed to liver permeability for
[49]
the lipids . In our study, administration of the Gs
extract normalized the serum concentrations of
these metabolites (Table 3), which is in agreement
[50]
with findings by Nakanishi et al , who compared
the protective effect of three compounds (geraniin,
ellagic acid, and gallic acid) on liver damage caused
by carbon tetrachloride, D-galactosamine, and
thioacetamide. Three hepatotoxic compounds were
found to increase serum levels of triacylglycerides
and cholesterol, but pre-treatment with geraniin and
ellagic acid avoided this increase, instead exhibiting
a protective effect against the cellular damage in the
liver caused by carbon tetrachloride, D-galactosamine,
and thioacetamide. Similarly, it was reported that
the compounds contained in the Gs extract were
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gallic acid, ellagic acid, and acetonyl-geraniin, and
a flavonoid, 3-Oα-L-arabinofuranoside-7-O-β-Dramnoside of kaempferol, which possesses a protective
[21]
effect according to previous results .
EtOH has been thought to be an important cause
of damage to hepatic cells. The hepatic metabolites
(albumin and bilirubin) are indicators of good liver
functioning and can be utilized to identify the protective
effect of the Gs extract. Serum concentrations of
albumin and bilirubin and AST and ALT enzymatic
activities are the most sensitive evidence of diagnosing
[51]
hepatic diseases . In this study, we observed that rats
treated with EtOH presented with a decrease in serum
albumin concentration and an increase in bilirubin
concentration (Table 4), which is in agreement with the
[10,46]
results reported previously by our group
. These
studies demonstrate a hepatotoxic effect of EtOH; the
decrease in serum albumin is possibly directly related
to a decrease in ATP generated in the liver; this effect
is due to EtOH consumption and not to the PH, in
which the level of this protein is similar to the control
[10]
group . In our study, we observed that in the PHGs-EtOH group, serum concentrations of albumin and
bilirubin were normalized (Table 4). The latter is most
likely due to the protective effect of the Gs extract on
liver damage caused by EtOH during liver regeneration,
which, in turn, is most likely due to the antioxidant
effect of the extract’s components. Various reports have
demonstrated the protective effect of antioxidants (e.g.,
Vitamin C, Vitamin E, glycine, geraniin, and ellagic acid)
on the diverse toxic, free radical-generating agents
that cause damage to the liver, including the following
agents: EtOH, carbon tetrachloride, D-galactosamine,
[10,46,50,52]
and thioacetamide
. Among the biological
results, we found a normalization of albumin and
bilirubin levels in serum. In our work, we found a pro
tective effect in the liver of the Gs extract, which is
similar to the findings reported for other antioxidants,
because of the components of the extract, most likely
the acetonyl-geraniin component.
The release of AST, lactic dehydrogenase, ALT,
glutamate dehydrogenase (GDH), and ornithine
transcarbamylase enzymes by the hepatocyte and
the increase in their serum enzymatic activity post-PH
[6,10,37,46,53]
of 70% has been reported previously
. The
increase of enzymatic activity in serum during liver
regeneration has been interpreted in the following two
ways: first, as a consequence of a necrotic event in the
liver and second, as an increase in the permeability of
the cellular and mitochondrial membrane.
In previous studies, alcohol administration in early
stages of liver regeneration in rats with PH has been
shown to diminish serum activity of these enzymes,
and this activity was not related to liver necrosis but
with the selective release of these enzymes during liver
[10]
regeneration . This activity could be a mechanism
of interorgan signaling, which depends on the dose
and the EtOH administration route and on the liver
regeneration stage being studied. In fact, the increase
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in serum activities of some enzymes post-PH could be
due to a release from the damaged cells or from cells
with alterations in permeability, resulting in greater
[10]
synthesis and enzyme release .
The enzymatic rise in serum in late stages of liver
regeneration when EtOH was administered daily
for 1 wk can most likely be attributed to damage to
the structural integrity of the liver cells. As a result,
these enzymes are found in the cytoplasm and are
released into the circulation after cellular damage;
EtOH could possibly damage other organelles such as
the mitochondria, causing their enzymes [GDH, AST,
and malate dehydrogenase (MDH)] to be released into
the blood. This finding indicates that this xenobiotic
causes damage to the plasma membrane as well as
[6,37,46,54]
to the mitochondrial membrane
. In the PH-GsEtOH group, we observed a decrease in the activity
of AST and ALT enzymes in serum, suggesting a
possible capacity of the extract to preserve the normal
structure of the liver (Figures 2 and 3).
Our results correlate with previous reports by
[21]
various authors. Gayosso-De-Lucio et al
reported
that Gs pre-treatment for 3 d resulted in a decrease in
serum AST and ALT enzymatic activity after elevation
by thioacetamide administration, concluding that
this extract protects against liver damage caused
[50]
by thioacetamide. Nakanishi et al
compared the
protective effect of the three compounds (geraniin,
ellagic acid, and gallic acid) on the damage caused to
the liver by carbon tetrachloride, D-galactosamine,
and thioacetamide; they found that geraniin and
ellagic acid significantly decreased serum levels of both
enzymes, which had been increased by exposure to
these hepatotoxic agents. Both studies were conducted
when the liver was not regenerating; however, our
study was performed when this process was present,
induced by PH, and when EtOH and the extract were
administered at the same time.
Some mechanisms by which EtOH inhibits liver
regeneration are known to be due to the increase of
free radicals produced by EtOH metabolism, causing
[55]
cellular damage as well as altering liver functions .
Our results suggest that the Gs extract eliminates free
radicals and consequently eliminates the inhibiting
effect of EtOH on liver regeneration, thereby diminishing
damage in the cellular membrane and consequently
lowering the concentration of lipid peroxidation in serum
as well as in the liver, as can be observed in Figure
4, which correlates with findings reported by various
[21,50,52]
authors
.
Alterations in TAS, together with an important increase
in the concentration of TBARS, are characteristic of
[56]
OS . As noted, our results indicate that OS was caused
by the administration of EtOH, similar to the findings
[6]
reported by our group . Some investigators have used
these to understand other types of xenobiotics, such as
[21,57]
paracetamol and thioacetamide
.
The administration of xenobiotics (EtOH, para
cetamol, thioacetamide) during PH-induced liver
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regeneration promotes an increase in antioxidant
mechanisms as a system of defense in an attack of
the ROS that are produced during the OS generated
[20]
by these hepatotoxins . The decrease in TAS (serum)
and increase in TAC (liver) found in our study (Figure
5) agree with previous studies, indicating that EtOH
favors OS in this model, as demonstrated by the
high TBARS levels found (Figure 4). The increase in
the TBARS concentration indicates severe damage
in cellular membranes throughout the organism, in
experimental models with laboratory animals, and with
alcohol-related liver disease. Ingesting antioxidant
supplements has been shown to significantly diminish
the TBARS levels in serum and restore antioxidant
[6,46]
mechanisms to their normal levels in the liver
.
Our results suggest that the GS extract increases
the antioxidant defenses (TAS and TAC), importantly
diminishing OS (TBARS), thus improving liver function
(e.g., albumin, bilirubin, and triacylglycerides) and the
liver’s proliferative capacity (weight and DNA gain).
The biological importance of this work consists
of contributing some advances in the mechanisms
of action implied in the hepatoprotective effect of Gs
against the toxic action of alcohol. We found that Gs
possesses an antioxidant effect in vitro that is most
likely also expressed in vivo, as proposed for other
[58]
species , which indicates the need to conduct more
studies to confirm this effect. In addition, to our
knowledge, there are no biological or pharmacological
reports about its use. Our results also constitute,
to our knowledge, the first report of the protective
effect of Gs (most likely through the acetonyl-geraniin
component) on damage caused by EtOH on liver
regeneration. This study contributes new knowledge
on a potential therapeutic alternative to treat alcoholrelated liver damage and is relevant to public health
because this damage constitutes one of the main
causes of morbidity and mortality worldwide.
In summary, we have addressed the protective
effect shown by the geranium extract on the damage
caused by ethanol on liver regeneration. However,
knowing the cellular or molecular mechanisms of
action of the phytochemicals is important and will be
an interesting area for future studies. Various reports
have demonstrated that the polyphenol compounds
act to activate the nuclear factor erythroid-2-related
factor 2 (Nrf-2) transcription factor and/or directly as
free radical scavengers. Thus, molecular and cellular
studies will be needed to study the specific effect of
the components of Gs, such as acetonyl-geraniin, on
the regulation of the Keap1-Nrf2-ARE pathway and
the principal antioxidant enzymes and their gene
expression, amount of protein and specific activity.
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Hepatopathies associated with consuming alcohol comprise a group of
diseases of interest due to their great social impact. Plant extracts have been
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poorly applied as a protective agent against the damage caused by alcohol
consumption. This article describes the hepatoprotective effect of an extract of
Geranium schiedeanum (Gs) on a model of regenerative liver.

Research frontiers

11

Innovations and breakthroughs

12

Studying the effect of natural products on limiting the damaging effect of alcohol
consumption and the mechanisms for this protective effect is currently a hot
topic.
This article presents an innovative approach for evaluating the hepatoprotective
effects of plant extracts. This approach includes biochemical markers of
metabolism, antioxidative performance and damage in serum and the liver and
observations on the mortality of the studied animals.

13

Applications

14

The results presented in this article strongly suggest the use of geranium
extract as a hepatoprotective agent. Moreover, this application can be extended
to other processes in which limiting oxidative phenomena can be beneficial.

Terminology

Partial hepatectomy is an operation consisting of removing the median and left
lateral lobes of the liver. Liver regeneration after partial hepatectomy in the rat
has been widely employed as an experimental model to study mammalian cell
proliferation.
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The authors investigated the protective effect of a Gs extract (exGs) in
regenerative livers of rats receiving ethanol as hepatotoxin. For this purpose,
they measured alanine aminotransferase, aspartate aminotransferase, albumin,
bilirubin and some markers of carbohydrates and lipid metabolism in plasma
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Abstract
AIM: To evaluate the effect of promoter region
polymorphisms of toll-like receptor (TLR )2-196 to
-174del and TLR4-1607T/C (rs10759932) on mRNA and
protein expression in tumor tissue and of TLR4+896A/G
(rs4986790) on colorectal cancer (CRC) risk.
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METHODS: The TLR2-196 to -174del polymorphism
was investigated using allele-specific polymerase
chain reaction (PCR) and the TLR4-1607T/C and
TLR4+896A/G by PCR-restriction fragment length
polymorphism (RFLP). We genotyped 434 DNA
samples from 194 CRC patients and 240 healthy
individuals. The mRNA relative quantification (RQ) was
performed in 40 tumor tissue samples by quantitative
PCR TaqMan assay, using specific probes for TLR2 and
TLR4 genes, and ACTB and GAPDH reference genes
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were used as endogenous controls. Protein expression
was analyzed by immunohistochemistry with specific
primary antibodies.

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i25/7730.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i25.7730

RESULTS: No association was found for TLR4-1607T/
C and TLR4+896A/G by three statistical models (log-

additive, dominant and recessive). However, based on
dominant and log-additive models, the polymorphic
variant TLR2-196 to -174del was associated with
increased CRC risk [dominant: odds ratio (OR) = 1.72,
95%CI: 1.03-2.89; P = 0.038 and log-additive: OR
=1.59, 95%CI: 1.02-2.48; P = 0.039]. TLR2 mRNA
expression was increased in tumor tissue (RQ = 2.36)
when compared to adjacent normal tissue (RQ =
1; P < 0.0001), whereas the TLR4 mRNA showed a
basal expression (RQ = 0.74 vs RQ = 1, P = 0.452).
Immunohistochemistry analysis of TLR2 and TLR4
protein expression was concordant with the findings of
mRNA expression. In addition, the TLR2-196 to -174del
variant carriers showed mRNA relative expression 2.19
times higher than wild-genotype carriers. The TLR2
protein expression was also higher for the TLR2-196 to
-174del variant carriers [117 ± 10 arbitrary unit (a.u.) vs
95 ± 4 a.u., P = 0.03]. However, for the TLR4 -1607T/C
polymorphism no significant difference was found for
both mRNA (P = 0.56) and protein expression (P = 0.26).

INTRODUCTION
Chronic inflammation has emerged as one of the main
risk factors and features of cancer. It can affect any
stage of tumorigenesis, generating a microenvironment
conducive to tumor development and progression, and
promoting the survival, proliferation and migration of
[1-3]
cancer cells . Thus, many cancers can arise from
[4,5]
local irritation, inflammation and chronic infection .
The inflammatory process occurs through a network
of chemical signals that initiate and maintain a
host immune response in order to heal the affected
[4]
tissue . The activation of innate and adaptive immune
responses is the main mechanism involved in the
homeostasis alteration caused by tumors in adjacent
[6,7]
tissues .
Colorectal cancer (CRC) is one of the main examples
[4]
of the inflammation-cancer association . Moreover,
experimental models have provided evidence that
innate immune system chemical mediators and
[8,9]
bacterial toxins play key roles in CRC development .
CRC reports show a yearly worldwide incidence of
approximately 1 million cases and a mortality rate of
over 500000, representing the second or third leading
[10,11]
cause of cancer-related death in many countries
.
In 2012, the estimated incidence of CRC in Brazil was
16368 cases in men and 17581 cases in women, and
[12]
8549 men and 9058 women died of the disease .
Compared to the hereditary form, sporadic CRC (SCRC)
is the most common type, accounting for more than
90% of cases.
As the intestine is under a constant inflammatory
process due to the presence of microorganisms
and their pathogen-associated molecular patterns
[13]
(PAMPs) , changes in proteins or receptors involved
in the inflammatory and immune responses may
[14]
contribute to an increased risk of developing cancer .
In this respect, the toll-like receptor (TLR) family
that encodes type Ⅰ transmembrane proteins plays
an essential role in pathogen recognition by the
[15]
extracellular matrix , leading to activation of innate
and adaptive immune responses and to a process
[10,16]
of controlled inflammation
. The first step in the
interaction of commensal bacteria with the intestinal
epithelium is their recognition by TLR2 and TLR4
receptors, which recognize lipoproteins and PAMPs,
and lipopolysaccharides (LPS) of Gram-negative
[17,18]
bacteria, respectively
. TLRs activate the nuclear
factor kappa B (NF-κB) pathway, the main regulatory
inflammation signaling pathway, and this activation is
[19,20]
involved in the pathogenesis of CRC
. Certain TLRs
have been reported to play a role in bowel diseases,
and it is believed that one of these roles is to induce

CONCLUSION: Our findings suggest that TLR2-196 to
-174del polymorphism increases TLR2 mRNA expression
and is associated with higher CRC risk, indicating an
important role in CRC genetic susceptibility.

Key words: Toll-like receptor 2; Toll-like receptor 4;
Colorectal cancer; Protein expression; Gene expression;
Genetic polymorphisms
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigated the influence of
the toll-like receptor (TLR )2 and TLR4 functional
polymorphisms on mRNA and protein expression levels
in colorectal cancer samples and the association of
these polymorphisms with the risk of developing this
neoplasm. Increased expression of TLR2 (mRNA and
protein) in tumor tissue was observed compared with
adjacent normal tissue. Moreover, for the first time,
the polymorphism TLR2-196 to -174del was associated
with a higher risk of developing this type of cancer,
and TLR2-196 to -174del allele carriers showed
mRNA relative expression approximately two times
higher than wild-genotype carriers. Thus, functional
polymorphism in TLR2 may change gene expression
levels, accentuating inflammation and aggravating the
development of colorectal cancer.
Proença MA, de Oliveira JG, Cadamuro ACT, Succi M, Netinho
JG, Goloni-Bertolo EM, Pavarino ÉC, Silva AE. TLR2 and TLR4
polymorphisms influence mRNA and protein expression in
colorectal cancer. World J Gastroenterol 2015; 21(25): 7730-7741
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MATERIALS AND METHODS

Table 1 Characteristics of patients with colorectal cancer and
controls n (%)
Variables
Individuals, n
Age (yr)
< 60
≥ 60
mean ± SD
Variation
Gender
Female
Male
Smoking habit
Non-smokers
Smokers
Alcoholic habit
Non-alcoholic
Alcoholics

CRC

Controls

194

240

OR (95%CI)

Approval and consent

This study was approved by the Ethics in Research
Committee IBILCE/UNESP, nº027/11 (protocol:
0009.0.229.000-11). All participants gave written
informed consent, and the epidemiological data
on the study population were collected using a
standard interviewer-administered questionnaire, with
questions on current and past occupation, smoking
habits, alcohol intake and family history of cancer or
adenomatous polyps and lesions.

P value

0.4513 (0.3063-0.6649)
72 (37.1) 136 (56.7)
122 (62.9) 104 (43.3)
62 ± 12
56 ± 18
24 to 88
20 to 93

< 0.0001

0.8619 (0.5898-1.259)

0.4988

1.910 (1.299-2.808)

0.0013

0.4963 (0.3305-0.7454)

0.0010

89 (45.9) 119 (49.6)
105 (54.1) 121 (50.4)
101 (52.1) 87 (36.3)
93 (47.9) 153 (63.7)

Study populations

This case-control study comprised 434 individuals
(Table 1). The case group (CRC) consisted of 194
samples from patients with a confirmed diagnosis of
sporadic CRC by clinical histopathological parameters,
160 of which were studied based on samples of
peripheral blood and 40 on samples of biopsies or
surgical fragments (6 patients had both biopsy and
blood samples) and normal adjacent mucosa (105
men and 89 women; mean age: 62 ± 12 years). All
CRC samples were collected between December 2010
and August 2012 at the Cancer Institute (ICA) and the
Proctology Service of the Base Hospital in São José
do Rio Preto, SP, Brazil and all required information
on clinical histopathological parameters was obtained
from the patients’ medical records. The inclusion
criterion was as follows: patients with sporadic cancer
and the exclusion criterion was patients with hereditary
cancer. The control group (C) consisted of 240 healthy
blood donors (121 men and 119 women; mean age:
56 ± 18 years), according to the criteria described
[26]
in a previous study , whose DNA samples from
leukocytes were stored in our laboratory.
With regard to risk factors, statistically significant
differences were found between the group aged
younger than 60 years and the group greater than
or equal to 60 years, and between non-smokers and
smokers and non-alcoholics and alcoholics. Gender
was not significantly different between the groups,
according to Fisher’s exact test (Table 1).

114 (58.8) 178 (74.1)
80 (41.2) 62 (25.9)

CRC: Colorectal cancer; OR: Odds ratio.
[10]

cell death by apoptosis of neoplastic cells .
Genes TLR2 (4q32) and TLR4 (9q33.1) are highly
polymorphic, which may cause changes in protein
[21]
expression or function , resulting in a differentiated
inflammatory response that in turn can influence the
[22-26]
progression of several cancer types, such as CRC
.
Among the TLR2 polymorphisms, a 22 bp deletion
at position -196 to -174 of the promoter region appears
[21]
to produce a reduction in gene transcription activity .
Variations in the TLR2 gene have been associated with
susceptibility to various infectious and inflammatory
[27]
diseases and some types of cancer associated with
[26,28]
inflammation
. Similarly, the TLR4 gene also shows
polymorphisms located in the promoter region, such
as -1607T/C (rs10759932), still poorly studied in
[29-31]
association with cancer
and no reported studies
on CRC. A TLR4 polymorphism that has been largely
studied and has received special attention consists of
the substitution of an aspartic acid residue for glycine
299
in amino acid 299 (Asp Gly) corresponding to TLR4
+896A/G polymorphism (rs4986790), but the results
regarding its association with infectious diseases
[26,32-35]
and cancer are still controversial
. However,
alterations in TLR4 expression levels have been
reported to influence the innate immune response and
to be potentially related to variation in the promoter
sequence, with susceptibility to human diseases such as
[35]
cancer .
Therefore, we aimed to evaluate whether common
gene variants involved in the inflammatory response, such
as TLR2-196 to -174del and TLR4 -1607T/C occurring in
the promoter region influence gene expression in tumor
tissue and whether these functional polymorphisms
together with the TLR4 +896A/G were associated with
colorectal cancer risk.
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Nucleic acid extraction

DNA was extracted from peripheral blood leukocytes
of the CRC group according to the technique of Miller
[36]
et al , with modifications (using Ficoll-Paque™ PLUS
to separate the blood phases), and stored a -20 ℃ for
subsequent genotyping. Simultaneous extraction of
total RNA and DNA from tissue samples was performed,
®
using the Trizol reagent protocol.

Polymorphism genotyping

To investigate the TLR2-196 to -174del polymorphism,
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Table 2 Polymerase chain reaction-restriction fragment length polymorphism conditions, primers sequences, restriction enzyme and
fragment sizes
Polymorphisms

Primers (5’-3’)

Enzymes

Fragment (bp)

Ref.

ins: 286
del: 264
A: 131
G: 108; 23
T: 139
C: 117; 22

[59]

T°/time
TLR2-196 to -174del
TLR4 +896A/G
(rs4986790)
TLR4 -1607T/C
(rs10759932)

F: CACGGAGGCAGCGAGAAA
R: CTGGGCCGTGCAAAGAAG
F: AGCATACTTAGACTACCACCTCGATG
R: GTTGCCATCCGAAATTATAAGAAAAG
F: TTTGTATAATTTGACTACCATTGCGT
R: CATTTTTTCACATCTTCACCAGC

BstXI
37 ℃/3 h
HhaI 37 ℃/3 h

[60]
[30]

ins: Wild-type allele (insertion); del: Polymorphic allele (deletion); bp: Base pairs; To: Temperature; F: Forward; R: Reverse.

allele-specific PCR was performed, and polymerase
chain reaction (PCR)-restriction fragment length
polymorphism (RFLP) was used to assess the TLR4
+896A/G and TLR4 -1607T/C polymorphisms (Table
2). For both PCR techniques, the reaction solution
contained the following: 1X buffer, 0.10 μmol/L of
dNTPs, 0.5 μmol/L of MgCl2, 0.5 μmol/L of each primer,
1 U of Taq DNA polymerase, 13.3 μL of ultrapure Milli-Q
H2O, and 200 ng of genomic DNA. The material was
processed in an automatic thermocycler and for TLR4
+896A/G and TLR4 -1607T/C the material was also
subjected to enzymatic digestion. The amplification
products of polymorphism TLR2-196 to -174del and
the digestion products of TLR4 polymorphisms +896A/
G and -1607T/C were visualized on 3% agarose
®
1000 gel (Invitrogen ) stained with ethidium bromide
in the presence of a 100 bp molecular marker. To
ensure greater genotyping reliability, a positive control
was included in all reactions, consisting of a sample
that was heterozygous for the polymorphism under
evaluation.

ins + T/T; pool2: T/C + C/C; pool3: ins/del).
RQ was also calculated for the samples stratified
by polymorphism genotypes in the promoter region
(TLR2-196 to -174del and TLR4 -1607T/C). They
were grouped according to genotypes for each
polymorphism separately (at least one polymorphic
allele vs wild homozygote). The tumor tissue samples
with wild genotype were used as a calibrator in
comparison with those with at least one polymorphic
allele.

Protein expression by immunohistochemistry

Immunohistochemical analysis was performed using
a total of 20 tumor and normal adjacent samples.
Consecutive 4 μm-thick sections were cut from each
trimmed paraffin block. Deparaffinized tissue slides
were submitted to antigen retrieval, using a hightemperature antigen-unmasking technique. The sections
were incubated with specific primary antibodies: rabbit
polyclonal antibody anti-TLR2 (06-1119, 1:50 dilution;
Millipore) and mouse monoclonal anti-TLR4 (76B357.1,
1:200 dilution; Abcam). Next, the slides were incubated
with biotinylated secondary antibody (Picture Max
Polymer Detection Kit, Invitrogen) for 30 min, following
the manufacturer’s protocol. Immunostaining was
carried out with 3,3’diaminobenzidine tetrahydrochloride
containing 0.005% H2O2 and hematoxylin counterstain.
Placental mucosa and appendix tissue were used
as positive controls for proteins TLR2 and TLR4,
respectively. Immunostaining was evaluated in the
epithelial cytoplasm by densitometric analysis according
to an arbitrary scale from 0 to 255 arbitrary unit (a.u.),
performed with AxioVision software under a ZeissAxioskop Ⅱ light microscope. A total of 60 points
equally distributed in each of the regions were scored,
and values were expressed as mean ± SE.

mRNA relative quantification by quantitative PCR

A reverse transcriptase reaction was performed using
a High Capacity cDNA kit (Applied Biosystems). The
cDNA was validated by PCR amplification of a 613 bp
fragment of the ACTB gene (β-actin). A quantitative
PCR (qPCR) reaction was performed by means of a
TaqMan® gene expression assay (Applied Biosystems),
using specific probes for genes TLR2 (Hs_00610101m1
inventoried) and TLR4 (Hs_01060206m1 inventoried).
Both reference genes ACTB (Catalog#: 4352935E) and
GAPDH (Glyceraldehyde 3-phosphate dehydrogenase)
(Catalog#: 4352934E) (Applied Biosystems) were
used as endogenous controls in all analyses.
The reactions were performed in triplicate, using 25
ng of cDNA in StepOnePlus™ Real-Time PCR equipment
(Applied Biosystems), and in all experiments a
negative control was used to determine contamination.
Relative quantification (RQ) was calculated using the
ΔΔ
[37]
compared to both reference genes,
2- Ct method
using four pools of normal adjacent tissue samples
as a calibrator, grouped relating to polymorphism
TLR2-196 to -174del and TLR4 -1607T/C genotypes,
located in the promoter region (pool1 and pool4: ins/
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Statistical analysis

SNPStats software was used to perform multiple
logistic regression to evaluate the association of
polymorphisms with CRC risk, including a log-additive
model (major allele homozygotes vs heterozygotes
vs minor allele homozygotes), a dominant model
(major allele homozygotes vs heterozygotes + minor
allele homozygotes), and a recessive model (major
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Table 3 Allele and genotype frequencies of TLR2 and TLR4 polymorphisms and multiple logistic regression analysis between case
and control groups n (%)
Polymorphisms

Statistical Models

Genotypes /alleles

C

CRC

ins/ins
ins/del
del/del
ins
del
ins/ins
ins/del + del/del

n = 240
200 (83.0)
36 (15.0)
4 (2.0)
436 (0.9)
44 (0.1)
200 (83.3)
40 (16.7)

n = 188
144 (77.0)
39 (21.0)
5 (3.0)
327 (0.9)
49 (0.1)
144 (76.9)
44 (23.1)

ins/ins + ins/del
del/del

236 (98.3)
4 (1.7)

ins/ins
ins/del
del/del

200 (83.0)
36 (15.0)
4 (2.0)

T/T
T/C
C/C
T
C
T/T
T/C + C/C

n = 208
166 (79.0)
39 (19.0)
3 (2.0)
371 (0.9)
45 (0.1)
166 (79.0)
42 (21.0)

T/T + T/C
C/C

205 (98.0)
3 (2.0)

T/T
T/C
C/C

166 (79.0)
39 (19.0)
3 (2.0)

A/A
A/G

n = 240
224 (93.3)
16 (6.7)

A
G

464 (0.97)
16 (0.03)

TLR2-196 to -174del

Dominant
OR (95%CI)
Recessive
OR (95%CI)
Log-additive

OR (95%CI)
Log-additive

0.360

144 (77.0)
39 (21.0)
5 (3.0)

0.039

1.59 (1.02-2.48)
n = 190
154 (81.0)
33 (17.0)
3 (2.0)
341 (0.9)
39 (0.1)
154 (81.0)
36 (19.0)

0.860

0.95 (0.56-1.63)
187 (98.0)
3 (2.0)

0.940

154 (81.0)
33 (17.0)
3 (2.0)

0.860

0.93 (0.14-5.95)

OR (95%CI)

0.96 (0.59-1.55)

TLR4 +896A/G
Dominant

183 (97.3)
5 (2.7)
1.90 (0.48-7.58)

OR (95%CI)

OR (95%CI)
Recessive

0.038

1.72(1.03-2.89)

TLR4 -1607T/C

Dominant

P value

OR (95%CI)

n = 190
172 (90.5)
18 (9.5)

0.520

1.28 (0.60-2.73)
349 (0.95)
17 (0.05)

The data are adjusted for age, gender, smoking and drinking status. CRC: Colorectal cancer; C: Controls; OR: Odds ratio.

tests, such as the Mann-Whitney and Wilcoxon’s signed
rank test, were used for comparisons between groups.
[39]
The Benjamini-Hochberg correction
was applied
to the analysis. The probability level of P ≤ 0.05 was
considered statistically significant in all analyses.

allele homozygotes + heterozygotes vs minor allele
[38]
homozygotes) . Age, gender, smoking and drinking as
covariates were adjusted to obtain statistical significance
between groups for all polymorphisms evaluated. The
GraphPad InStat (version 3.00) software was used to
perform Fisher’s exact test for assessing the effect
of combined genotypes, and the HaploView software
(version 4.0) was used to analyze the distribution of
haplotype frequencies.
TLR2 and TLR4 mRNA and protein expression
analysis was performed using the GraphPad Prism
software (version 6.01), and the gene expression
analysis results were validated and confirmed by
ExpressionSuite software (Life Technologies, version
1.0). RQ values were used for statistical analysis.
For protein expression, the means of densitometry
analysis of tumor and normal adjacent samples were
compared. Continuous data distribution was evaluated
using D’Agostino and Pearson’s omnibus normality
test. Student’s t-test or correspondent nonparametric
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RESULTS
TLR2 and TLR4 polymorphisms

The allele and genotype frequency distributions
of polymorphisms TLR2 and TLR4 (Table 3) were
consistent with the Hardy-Weinberg equilibrium in the
control (C) group (data not shown).
TLR2-196 to -174del was associated with increased
CRC risk by both the dominant [odds ratio (OR) = 1.72,
95%CI: 1.03-2.89; P = 0.038] and the log-additive
models (OR = 1.59, 95%CI: 1.02-2.48; P = 0.039),
while TLR4 -1607T/C and TLR4 +896A/G were not
(Table 3). With regard to polymorphism TLR4 +896A/G,
it was not detected in individuals with a homozygous
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Table 4 Combined effect of polymorphisms TLR2 -196 to
-174 del, TLR4 +896 A/G and TLR4 -1607 T/C on the
risk of colorectal carcinoma
Risk genotypes
None
TLR2 ins/del or del/del
TLR4 +896 A/G
TLR2 ins/del or del/del
TLR4 -1607 T/C or C/C
TLR4 +896 A/G/
TLR4 -1607 T/C or C/C

OR (95%CI)

Table 6 TLR2 and TLR4 mRNA relative quantification values
in colorectal carcinoma, stratified according to wild and
polymorphic genotype

P value

C

CRC

n = 240
104
4

n = 188
136
3

1.00 (reference)
0.98 (0.21-4.48)

1.000

11

11

1.31 (0.54-3.13)

0.650

2

2

1.31 (0.18-9.44)

1.000

TLR2 -196 to -174 del
n (%)1
Median
Range
P value3

C

CRC

χ²

P value

0.861
0.108
0.031

0.849
0.103
0.048

0.207
0.052
1.414

0.649
0.819
0.234

b

mRNA RQ (median)

2.36
CRC tissue

1.5
1.0

1
0.74

0.5
0.0
NT

TLR2

TLR4

Figure 1 Distribution of the median mRNA relative quantification values
of genes TLR2 and TLR4. Using the Wilcoxon’s signed rank test, a statistically
significant difference was found for TLR2 (bP < 0.0001), but not for TLR4 (P =
0.452), when comparing the relative quantification (RQ) in colorectal cancer
tissue (CRC) with adjacent normal tissue pools (NT). The reference genes
ACTB and GAPDH were used as endogenous controls.

6 (16.2)
0.86
0.47-2.27

0.035

1.000

Stratification of functional polymorphisms and influence
on gene and protein expression

polymorphic genotype G/G in either group, precluding
analysis by the three statistical models.
We intended to evaluate the combined effect
of the three polymorphisms (TLR2-196 to -174del,
TLR4 +896A/G and TLR4 -1607T/C) on the risk of
CRC. However, no individuals with the combination of
these three variant alleles were observed in our study
subjects, and the combinations of two variant alleles
showed no statistically significant difference between
the control and the CRC group (Table 4). To further
investigate the polymorphisms in gene TLR4, we also
performed a haplotype analysis of polymorphisms
-1607T/C and +896A/G (Table 5). Haplotype CG
was not found, and the other haplotypes showed
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31 (83.8)
0.75
0.20-23.89

We observed significantly increased TLR2 relative gene
expression in tumor tissue (RQ = 2.36) compared to
adjacent normal tissue (RQ = 1; P <0.0001) (Figure
1). With regard to the TLR4 gene, however, we did not
find statistically significant differences between the
relative expression in normal and tumor tissue that
showed basal relative gene expression (RQ = 0.74, P
=0.452) (Figure 1).
In the immunohistochemical analyses of TLR2
and TLR4 protein expression, we considered only
the epithelial cytoplasm. In normal adjacent tissues,
this analysis showed weak or moderate cytoplasm
staining in the epithelium for both proteins (Figure 2A
and D). In tumor tissue, although a strong cytoplasm
immunostaining pattern in the epithelium was found
for the TLR2 protein (Figure 2B), the TLR4 protein
showed weak or moderate expression (Figure 2E). The
mean optical densitometry values for TLR2 in tumor
tissue (154 ± 5 a.u.) were statistically higher than
those in normal adjacent tissues (109 ± 6 a.u., P <
0.0001; Figure 2C), but no difference was found for
TLR4 (CRC = 123 ± 4 a.u, NT=111 ± 6 a.u, P = 0.117;
Figure 2F). Thus, these results are concordant with the
findings of mRNA expression.

C-G haplotype was not found. CRC: Colorectal cancer; C: Controls.

2.0

10 (27.0)
6.95
0.62-14.69

mRNA and protein expression

1

2.5

T/C + C/C

27 (73.0)
3.57
0.49-13.59

no statistical difference in the frequencies of allele
combinations between the CRC and C groups.

TLR4 -1607/+896
T-A
C-A
T-G

T/T

3 tumor tissue samples which were not genotyped were excluded from
the analysis; 2No individuals with a del/del genotype in tumor tissue
samples were found; 3Results of the nonparametric Mann-Whitney U test.
ins: Wild-type allele (insertion); del: Polymorphic allele (deletion).

Table 5 Haplotype frequency distribution of variants -1607 T/
C and +896 A/G of TLR4 gene in the case and control groups
1

ins/del 2

1

CRC: Colorectal cancer; C: Controls; OR: Odds ratio.

Haplotypes

TLR4 -1607 T/C

ins/ins

In order to evaluate the influence of the functional
polymorphisms TLR2-196 to -174del and TLR4 -1607T/
C on mRNA and protein expression, the samples were
grouped according to genotypes, considering the
presence of at least one polymorphic allele compared
to wild genotype samples (Table 6). For the mRNA
expression analysis, the wild genotype group was used
as a calibrator (RQ = 1) to calculate the relative gene
expression. Individuals with at least one polymorphic
allele TLR2-196 to -174del had more than two
times higher TLR2 expression in tumor tissue (RQ
= 2.19; P = 0.03) compared to those with the wild
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A

D

20 mm

B

20 mm

E

C

F

Mean optical densitometry (a.u.)

TLR2
200
150
100
50
0

NT

20 mm

CRC

Mean optical densitometry (a.u.)

20 mm

TLR4

150

100

50

0

NT

CRC

Figure 2 Toll-like receptor 2 and toll-like receptor 4 protein expression in intestinal mucosa (cytoplasm staining). Moderate expression of TLR2 in normal
adjacent mucosa (NT), predominantly in epithelial cells (arrowhead) (A); compared with intense immunostaining in colorectal cancer (B); Low expression of TLR4 in
normal adjacent mucosa, predominantly in the epithelium (arrowhead) (D); Moderate TLR4 immunostaining in the epithelial cells (arrowhead) of colorectal cancer (E);
Harris’ Hematoxylin counterstain. Bar: 20 μm. Densitometry analyses (mean ± SE) (C and F); P < 0.001. All images are from the same patient. a.u.: Arbitrary unit;
CRC: Colorectal cancer.

genotype (Figure 3A). However, for the TLR4 -1607T/C
polymorphism, this analysis showed no statistically
significant difference in gene expression between
individuals with the polymorphic allele (RQ = 0.98; P
= 0.56) and those with the wild allele in homozygosis
(Figure 3B).
A similar result was observed when protein
expression was compared according to genotypes.
Individuals carrying the polymorphic genotype had
higher protein expression (117 ± 10 a.u. vs 95 ± 4 a.u.,
P = 0.03) than those carrying the wild homozygous
genotype for the TLR2-196 to -174del polymorphism
(Figure 4). However, for the TLR4 -1607T/C polymor
phism no significant difference was found (139 ± 10
a.u. vs 128 ± 4 a.u., P = 0.26) (Figure 4).
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DISCUSSION
To the best of our knowledge, this is the first report
of an evaluation of Toll-like receptor polymorphisms
TLR2-196 to -174del, TLR4 -1607T/C and TLR4
+896A/G in a group of patients with sporadic CRC,
which showed that the presence of polymorphic allele
TLR2-196 to -174del is associated with increased risk
of developing this type of cancer, and influences mRNA
and protein expression in tumor tissue of patients with
CRC compared to those with wild genotype. However,
no change in TLR4 mRNA and protein expression or an
association with polymorphisms TLR4 -1607T/C and
+896A/G were found.
The association between CRC risk and the polymor
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A

B

a
2.19

2.0

TLR2 mRNA RQ (median)

TLR2 mRNA RQ (median)

2.5

1.5
1.0

1

0.5
0.0

ins/ins

ins/del

2.5
2.0
1.5

1

1.0

0.98

0.5
0.0

T/T

TLR2-196 to 174del

T/C or C/C
TLR4 -1607 T/C

Figure 3 Toll-like receptor 2 (A) and toll-like receptor 4 (B) mRNA relative quantification, using tumor tissue samples from a wild-genotype colorectal cancer
group as a calibrator, compared to those with at least one polymorphic allele. Using Wilcoxon’s signed rank test, a statistically significant difference was found for the
gene expression of TLR2 (aP = 0.037), but not for TLR4 (P = 1.000). The reference genes ACTB and GAPDH were used as endogenous controls. CRC: Colorectal cancer.

Mean optical densitometry (a.u.)

160

a

140
120
100

117

139

128

95

80
60
40
20
0

ins/ins

ins/del

TLR2-196 to 174del

T/T

T/C or C/C

TLR4 -1607 T/C

Figure 4 Densitometry values of immunohistochemistry analysis for toll-like receptor 2 and toll-like receptor 4 proteins, stratified according to polymorphic
and wild genotypes. Carriers of the polymorphic genotype del/del for TLR2-196 to -174del polymorphism showed higher protein expression than those with homozygous
wild genotype ins/ins (aP = 0.03). No statistical difference was found for the values of TLR4 protein. ins: Wild-type allele (insertion); del: Polymorphic allele (deletion).

region and causes a substitution of the amino acid
299
299 glycine for asparagine (Asp Gly). Some studies
have indicated that this variant is associated with a
change in the extracellular domain structure of the
TLR4 receptor and suggest that the polymorphic allele
G is associated with an attenuated immune response
to LPS and lower secretion levels of pro-inflammatory
[46-48]
cytokines
, justifying, to a certain extent, the lack
of association between this polymorphism and the risk
of CRC.
Our study found a low frequency of the TLR4
+896 G allele and no homozygous G/G subjects were
detected in either the CRC or the control group. The
rarity of this genotype has also been observed in other
[22]
populations, such as those of Croatia , northern
[44]
[40]
India and Greece . In line with our results, other
studies have also reported absence of the polymorphic
homozygous G/G genotype, such as one conducted in
[45]
Spain and a previous study from our laboratory in
[26]
the Brazilian population .
A lack of association with the TLR4 +896A/G
polymorphism has also been reported in CRC by
[49]
[50]
some studies conducted in Spanish and Chinese
populations, in addition to other types of cancer,

phic variant TLR2-196 to -174del was demonstrated
by both the dominant and the log-additive statistical
models. Other studies showed an association between
the TLR2-196 to -174del variant and breast cancer
[40]
in the Greek population , with gastric cancer in the
[26]
[41]
Brazilian and the Chinese populations, and with
[42]
[43]
[44]
bladder , prostate
and cervical cancer
in a
northern Indian population. However, no association
between gastric cancer was found in the Japanese
[45]
population , nor did we find any studies reporting the
presence of this polymorphism in CRC.
In the present study, polymorphisms TLR4
+896A/G and TLR4 -1607T/C were not associated
with susceptibility to CRC. Studies on the functional
polymorphism TLR4-1607T/C and cancer are
scarce. This polymorphism has been described as
relatively common, with a frequency of over 5% for
[30]
the polymorphic allele C , as found in the present
study (10% in both groups). This polymorphism was
[30]
associated with a protective effect for gastric and
[31]
prostate cancer. In contrast, a positive association
was found for prostate cancer risk in a North American
[29]
population .
The TLR4 +896A/G variant is located in a coding
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[44]

such as cervical in northern India and prostate in
[51]
Sweden . This lack of association may be due to
this polymorphism having no effect, or only a reduced
effect, on the biological development of CRC, therefore
[49]
unnoticeable in the analyses of these samples .
Thus, due to the low frequency of the G variant and
the rarity of G/G homozygotes, much larger samples
may be needed to allow a more robust conclusion
on the association of this polymorphism with the
development of cancer, although other authors did
find an association between this variant and CRC in
[22]
[52]
populations of Croatia and Europe . In another,
recently completed study by our research group,
although no homozygous G/G subjects were detected,
an association between TLR4 +896A/G and the risk of
[26]
gastric cancer and chronic gastritis was observed .
An evaluation of the combined effect of the three
polymorphisms (TLR2-196 to -174del, TLR4 +896A/G
and TLR4 -1607T/C) on CRC risk showed that none of
the combinations of two variant alleles produced any
significant differences between the CRC and control
groups, which suggests that these combinations do not
affect the risk of developing CRC. However, the abovementioned recent study conducted by our research
group showed that the combination of genotypes
TLR2-196 to -174 ins/del and del/del with TLR4 +896A/
[26]
G leads to a higher risk of developing gastric cancer .
In addition, haplotype analysis of TLR4 polymor
phisms -1607T/C and +896A/G showed no statistically
significant differences in the distribution of allele com
bination frequencies between the CRC and control
groups, suggesting that the possible formation of
haplotypes with these gene polymorphisms does not
affect CRC risk. In line with our findings, other studies
also failed to find an association between TLR4 gene
[53]
haplotypes and either CRC risk , or chronic gastritis
[54]
and intestinal metaplasia . However, an association
between other TLR4 gene haplotypes with some
299
399
types of cancer, such as TLR4 G-C ( Gly- Thr) with
[26]
299
399
increased gastric cancer risk , and Asp -Ileu with
[34]
increased gastritis and precancerous lesions risk
were reported.
The mRNA relative expression analysis of genes TLR2
and TLR4 in tumor and adjacent normal tissues from
patients with CRC showed a 2.36-fold increased gene
expression of TLR2 in tumor tissue, unlike TLR4 which
showed basal relative gene expression. Furthermore, in
line with this result, the immunohistochemistry assay
showed that only the TLR2 protein was overexpressed
in tumor tissue, demonstrating a change in the ex
pression of this receptor in CRC.
The TLR2 receptor operates in the recognition
of microorganisms in the intestinal mucosa, leading
to their activation and triggering an inflammatory
process in the organ microenvironment. Therefore,
TLR2 overexpression may cause a more accentuated
inflammatory response, recruiting MyD88 for the TLR/
TIR domain and thereby inducing pro-inflammatory
cytokine production by a classical signaling pathway.
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The IKK protein is activated in a process that involves
IRAK-1 and TRAF6. The IKK complex catalyzes IkB
phosphorylation and degradation by the proteasome,
allowing NF-κB displacement to the nucleus. In the
nucleus, NF-κB regulates pro-inflammatory cytokine
[55]
expression and molecule adhesion , thus facilitating
tumor progression.
High TLR2 expression in tumor tissue of patients
with CRC has been reported, while no difference
[10,16]
was found regarding TLR4 expression
. In gastric
cancer, increased expression of TLR2, but not of TLR4
[56]
mRNA was also reported, and was also associated
[57]
with Helicobacter pylori infection .
When the mRNA and protein expression of TLR2
and TLR4 from CRC patients were stratified according
to genotypes (wild and carrying at least one variant
allele), it became clear that in the subgroup of patients
with at least one polymorphic allele of TLR2-196 to
-174del, the expression of TLR2 mRNA and protein
was significantly higher than that of wild genotype
carriers.
In contrast, another study conducted in a Japanese
population, found that the polymorphic genotype del/del
decreases the transactivation of responsive promoters,
causing a decrease in gene transcription and thus a
[21]
decrease in gene expression . However, considering
the important role of this gene in the induction of
inflammatory processes and the association between
polymorphism TLR2-196 to -174del and several types
of cancer, taken together these data suggest that this
deletion must increase the level of gene transcription
in tumor tissue, enhancing the inflammatory process
and favoring cancer progression. Therefore, these are
novel findings, as they indicate for the first time the
influence of the TLR2-196 to -174del polymorphism
on increased expression of TLR2 gene in CRC. Another
study has reported the importance of polymorphisms
[58]
on gene expression levels in ulcerative colitis .
Unlike TLR4 -1607T/C polymorphism, we did
not find any influence of the polymorphic allele C on
relative gene expression in CRC tumor tissue. This
polymorphism was shown by a functional luciferase
[35]
expression assay not to influence gene transcription .
This result confirms the lack of association between
this functional polymorphism and CRC risk, indicating
that its presence does not cause significant changes in
gene transcription.
Considering that in most cases CRC has a good
prognosis and is treatable when diagnosed at an
early stage, it is of the utmost importance to establish
molecular markers capable of identifying risk groups and
providing early diagnosis in individuals with increased
risk of developing this neoplasm. Overall, our results
indicate that the TLR2 gene plays an important role in
colorectal carcinogenesis, highlighting the importance
of the TLR2-196 to -174del polymorphism in increasing
gene expression and possibly triggering a stronger
inflammatory response, which in turn enhances the risk
of tumor progression.
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In conclusion, TLR2 mRNA and protein expression
are increased in CRC tissue. In addition, the functional
polymorphism TLR2-196 to -174del influences mRNA
and protein expression in tumor tissue of patients
with CRC promoting its increase in relation to wild-type
genotype carriers, thus emphasizing their important
role in colorectal carcinogenesis. Furthermore, the
polymorphic variant TLR2-196 to -174del is associated
with increased CRC risk and may contribute to the
identification of CRC risk groups. However, there is
no evidence of an association between CRC and TLR4
-1607T/C and TLR4 +896A/G polymorphisms or of
these polymorphisms on TLR4 gene expression. In
future studies, these genes should be evaluated in other
intestinal diseases, such as in precancerous lesions,
as well in other populations to better understand their
importance and function in colorectal carcinogenesis.
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Abstract
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AIM: To examine the effects of pancreatic rest, sti
mulation and rest/stimulation on the natural course of
recovery after acute pancreatitis.
METHODS: Acute hemorrhagic pancreatitis (AP)
was induced in male rats by intraductal infusion of 40
µl/100 g body weight of 3% sodium taurocholate.
All rats took food ad libitum . At 24 h after induction
of AP, rats were divided into four groups: control
(AP-C), pancreas rest (AP-R), stimulation (AP-S), and
rest/stimulation (AP-R/S). Rats in the AP-C, AP-R and
AP-S groups received oral administration of 2 ml/kg
body weight saline, cholecystokinin (CCK)-1 receptor
antagonist, and endogenous CCK release stimulant,
respectively, twice daily for 10 d, while those in the
AP-R/S group received twice daily CCK-1 receptor
antagonist for the first 5 d followed by twice daily CCK
release stimulant for 5 d. Rats without any treatment
were used as control group (Control). Biochemical and
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appropriately activated trypsin triggers a chain of
intracellular zymogen activation in the pancreas,
[1,2]
resulting in AP . Regardless of the underlying causes,
vigorous intravenous hydration is the first important
treatment principle of AP to stabilize blood pressure
and intravascular volume, and prevent hypovolemic
[3,4]
shock . In addition to fluid resuscitation, traditional
treatment consists of initial fasting to suppress
synthesis and secretion of pancreatic enzymes, and
[5]
avoid activation of proteolytic enzymes . Food intake
would elicit endogenous release of cholecystokinin
(CCK) that stimulates pancreatic enzyme synthesis
[6,7]
and secretion , which may aggravate damage of
[8,9]
the pancreas
. Similarly, previous studies have
demonstrated that exogenous injection of cerulein
or CCK-8, even at physiological doses, worsens the
[10,11]
mortality and morbidity in AP in rats and mice
.
Indeed, fasting decreased endogenous CCK con
[12]
centrations and ameliorated the severity of AP . In
addition, we have demonstrated that CCK-1-receptordeficient Otsuka Long-Evans Tokusima Fatty (OLETF)
rats do not develop severe AP, although plasma
CCK levels rise up to 4-14-fold over the preloading
[13]
values after the onset of AP . In concert with these
observations, numerous studies have shown that
potent and specific CCK-1 receptor antagonists reduce
[8,9,14]
the severity of pancreatitis in animal experiments
[15,16]
and clinical trials
. These results suggest that
pancreatic rest may promote healing, decrease pain,
and reduce secretion and complications.
However, patients with AP maintain an accelerated
basal metabolic rate, protein catabolism increases by
80% and energy expenditure by 20%, and therefore
have increased caloric needs, therefore, nutritional
[17,18]
support is especially important
. Although parenteral
nutrition (PN) was traditionally used to maintain
pancreatic rest by avoiding gastrointestinal (GI) hormone
release and supporting nutritional needs, avoidance
of using the GI tract in patients with AP exacerbated
the severity of AP, leading to greater incidence of
[19,20]
complications and prolonged hospitalization
. Enteral
nutrition (EN), in comparison to PN, significantly reduces
systemic infections, pancreatic infections, surgical
interventions, length of hospital stay, and mortality. It
is generally accepted that EN is significantly superior to
total PN regarding mortality, infectious complications,
[19,20]
and organ failure
. It is conceivable that EN may
[21,22]
improve outcome in patients with AP if given early
.
Indeed, a randomized clinical study has revealed
that immediate oral feeding in patients with mild AP
[21,22]
may accelerate recovery
. However, there is no
report regarding recovery of pancreatic function by
oral nutrition from an early stage after AP. Moreover,
it is unknown whether early feeding in AP improves
histological alterations, or pancreatic exocrine and
endocrine function. It is reported that recovery to normal
does not necessarily occur after AP and that progression
to chronic pancreatitis is possible in a considerable
[23]
number of cases .

histological changes in the pancreas, and secretory
function were evaluated on day 12 at 24 h after the
last treatment.
RESULTS: Feeding ad libitum (AP-C) delayed bio
chemical, histological and functional recovery from AP.
In AP-C rats, bombesin-stimulated pancreatic secretory
function and HOMA-β-cell score were significantly
lower than those in other groups of rats. In AP-R rats,
protein per DNA ratio and pancreatic exocrine secretory
function were significantly low compared with those
in Control rats. In AP-S and AP-R/S rats, the above
parameters recovered to the Control levels. Bombesinstimulated pancreatic exocrine response in AP-R/S rats
was higher than in AP-S rats and almost returned to
control levels. In the pancreas of AP-C rats, destruction
of pancreatic acini, marked infiltration of inflammatory
cells, and strong expression of α-smooth muscle actin,
tumor necrosis factor-α and interleukin-1β were seen.
Pancreatic rest reversed these histological alterations,
but not atrophy of pancreatic acini and mild infiltration
of inflammatory cells. In AP-S and AP-R/S rats, the
pancreas showed almost normal architecture.
CONCLUSION: The favorable treatment strategy
for AP is to keep the pancreas at rest during an early
stage followed by pancreatic stimulation by promoting
endogenous CCK release.
Key words: Acute pancreatitis; Pancreatic stimulation;
Cholecystokinin; Pancreatic rest; Pancreatic function
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In experimental acute hemorrhagic pancreatitis,
feeding ad libitum without any treatment delayed
biochemical, histological and functional recovery. Both
pancreatic rest made by blocking cholecystokinin (CCK)-1
receptor and pancreatic stimulation caused by eliciting
endogenous CCK release improved biochemical and
histological alterations, except pancreatic secretory
function. The favorable treatment strategy for acute
pancreatitis (AP) is to keep the pancreas at rest during
an early stage followed by pancreatic stimulation. Thus,
high-protein meals should be avoided during the early
phase after AP but protein meals may be important at
later times to stimulate recovery of pancreatic function.
Jia D, Yamamoto M, Otsuki M. Effect of endogenous cholecystokinin
on the course of acute pancreatitis in rats. World J Gastroenterol
2015; 21(25): 7742-7753 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i25/7742.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7742

INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disease
occurring in the pancreas. It is assumed that in
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twice daily for 10 d; and the AP-R/S group received 50
mg/kg body weight loxiglumide twice daily for the first
5 d followed by 25 mg/kg body weight camostat twice
daily for the next 5 d. Rats were fed ad libitum. On
day 12 at 24 h after the last treatment and overnight
fasting, pancreatic exocrine function and histological
examination of the pancreas were performed.
Based on our previous studies, we used CCK-1
receptor antagonist loxiglumide to make the pancreas
[25]
rest
and synthetic protease inhibitor camostat to
stimulate the pancreas via endogenous CCK release
[26-28]
(pancreas stimulation)
.

In the present study, we examined pancreatic
histology and function in post-pancreatitic rats after
feeding with a normal rat diet, keeping the pancreas
at rest by blocking CCK-1 receptor, or stimulating the
pancreas by eliciting endogenous CCK release.

MATERIALS AND METHODS
Animals

Male Wistar rats weighing 230-250 g were used in all
experiments. The animals were kept in a temperature(23 ± 2 ℃ ) and humidity- (55% ± 5%) controlled
room with a 12-h light/dark cycle (lights on at 07:00
am). The animals were provided ad libitum standard
rat chow consisting of (as a percentage of calories)
61% carbohydrate, 26% protein, and 13% fat (3.596
kcal/g diet: Oriental Yeast, Tokyo, Japan) and tap
water.

Exocrine secretory function

Rats were weighed before the experiment, and
anesthesia was induced by subcutaneous (sc) injection
of sodium pentobarbital (50 mg/kg body weight) after
an overnight fast. After collecting blood for measurement
of serum concentrations of glucose and insulin, the
left jugular vein, and bile and pancreatic ducts were
cannulated, and the pylorus was ligated. The bile was
returned into the duodenum during the experiment.
Pancreatic fluid secretion was obtained by replacing a
calibrated tube attached to the free end of the pancreatic
cannula every 10 min, and the volume and protein
[26,27,29,30]
concentrations were determined
. The abdominal
wound was covered with a saline-moistened gauze,
and body temperature was maintained between 37 and
38 ℃ with a heating pad throughout the experiment.
After collection of basal fluid flow, bombesin (Protein
Research Institutes, Osaka, Japan) was infused into the
jugular vein at a dose of 5 nmol/kg body weight/h using
a syringe pump (Razal Scientific Instruments, Stanford,
CT, United States) for 1 h at a rate of 1 ml/h. Pancreatic
fluid was collected every 10 min.
Since there is a possibility that CCK-1 receptor
antagonist loxiglumide accumulates and modifies CCK[29,30]
mediated pancreatic fluid and protein secretion
,
and since camostat stimulates endogenous CCK
[28]
release and downregulates CCK receptor , we used
bombesin stimulation to determine pancreatic exocrine
function. CCK-1 receptor antagonist is known not
to inhibit the action of bombesin on rat pancreatic
[31]
secretion .

Animal care guidelines

Our institutional Animal Welfare Committee approved
the experimental protocol, and rats received humane
care according to the guidelines of our institution.
All experiments were performed according to the
guidelines of the Ethics Committee of Animal Care and
Experimentation at University of Occupational and
Environmental Health, Japan. Animals were kept under
specific pathogen-free conditions.

Induction of AP

Pancreatitis was induced in overnight-fasted rats
[24]
according to the method of Aho et al
by retrograde
intraductal infusion of 40 µl/100 g body weight of 3%
taurocholic acid sodium salt (NaTc) (Sigma, St. Louis,
MO, United States) dissolved in saline. Intraductal
infusion was performed under steady manual pressure
[13]
over a period of 30 s . Rats without intraductal
infusion were used as untreated normal controls (Control
group).

Pancreatic rest and stimulation

At 24 h after induction of acute hemorrhagic pan
creatitis, rats were divided into four different treatment
groups: standard rat chow (AP-C); standard rat chow
with pancreatic rest (AP-R); standard rat chow with
pancreatic stimulation (AP-S); and standard rat chow
with pancreatic rest, followed by pancreatic stimulation
(AP-R/S). Rats in the AP-C group received 2 ml/kg
body weight saline orally (po) via an orogastric tube
twice daily (09:00 and 21:00 h) for 10 d; the AP-R
group received 50 mg/kg body weight of CCK-1
[25]
receptor antagonist loxiglumide
(kindly supplied by
Kaken Pharmaceutical Co., Tokyo, Japan) dissolved in
2 ml distilled water po twice daily for 10 d; the AP-S
group received 25 mg/kg body weight protease inhibitor
camostat (a generous gift from Ono Pharmaceutical Co.,
Osaka, Japan), which is known to stimulate endogenous
[26-28]
CCK release
, dissolved in 2 ml distilled water po
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Endocrine function and insulin resistance

Insulin secretion was calculated by homeostasis model
assessment insulin secretion (HOMA-β-cell) with the
following formula: fasting insulin (µU/ml) × 20/[fasting
glucose (mmol/l) - 3.5], as described by Matthews
[32]
et al . HOMA-β-cell function positively correlates
with the ratio of change in insulin and glucose. Insulin
resistance was calculated by homeostasis model
assessment insulin resistance (HOMA-IR) with the
following formula: fasting insulin (µU/ml) × fasting
glucose (mmol/L)/22.5, as described by Matthews
[32]
et al . With such a method, high HOMA-IR score
denotes low insulin sensitivity (insulin resistance).
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Measurement of pancreatic contents

Insulin concentrations in the serum and pancreatic
homogenates were measured by radioimmunoassay
[34]
using the double-antibody method
with a com
mercially available radioimmunoassay kit (ShionoRIA;
Shionogi Pharmaceutical, Osaka, Japan) using crystalline
rat insulin as a reference standard. The protein
concentration in pancreatic homogenates and pancreatic
[35]
fluid was determined by the method of Lowry et al .
DNA content was measured using the fluorescent dye
H-33258 (Hoechst AG, Germany) according to Labarca
[36]
et al . Amylase activity in pancreatic homogenates
was determined by a chromogenic method with blue[37]
dyed starch polymer and expressed in Somogyi units
(SU). Lipase activity was determined according to the
[38]
method of Whitaker
and expressed in international
units (IU).

After the last collection of pancreatic fluid, rats were
killed, and the pancreas was excised and weighed
after being trimmed free of fat, mesentery, and
lymph nodes. Portions of each pancreatic tissue with
similar anatomic orientation were used for histologic
examination. Pieces of pancreatic tissue (100-200
mg wet weight) were homogenized in saline using a
motor-driven Teflon-coated glass homogenizer at 3000
rpm (eight passes). The homogenates were filtered
through three layers of gauze and then sonicated
for 1 min for measurement of pancreatic contents of
protein, DNA, amylase, lipase and insulin.

Histological examination

A portion of the pancreatic tissue was fixed overnight
in 10% formaldehyde solution for hematoxylin and
eosin (HE) staining, immunostaining, and light mi
croscopic examination. The pathologist, without
awareness of the treatment, examined all histologic
samples in a single-blind fashion.

Statistical analysis

Results are expressed as the mean ± SE of at least
six rats per group. Data were analyzed with the use
of analysis of variance followed by Tukey’s test using
commercial software StatView (Abacus Concepts/Brain
Power, Berkeley, CA, United States). p < 0.05 was
considered to be statistically significant.

Immunohistochemistry

Paraffin-embedded pancreatic tissue sections were
prepared on glass slides. Sections for interleukin
(IL)-1β were pretreated in microwaves in citrate
buffer (pH 6.0) for 12 min, while sections for tumor
necrosis factor (TNF)-α immunohistochemistry were
incubated in protease K for 10 min (for antigen
retrieval). The sections for α-smooth muscle actin
(SMA) immunohistochemistry were used without
pretreatment. These sections were treated with graded
alcohol solutions and incubated for 15 min in 3% H2O2
to block endogenous peroxidase activities. Nonspecific
staining was blocked by incubating with bovine serum
for 10 min at room temperature. Each section was
incubated with goat anti-mouse TNF-α antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, United States)
and rabbit anti-human IL-1β antibody (Santa Cruz
Biotechnology) at a dilution of 1:10 at room temperature
for 1 h. The sections for α-SMA immunohistochemistry
were incubated with mouse anti-human α-SMA
antibody (Dako Corporation, Carpinteria, CA, United
States) at a dilution of 1:50 at room temperature
for 30 min. In TNF-α immunohistochemistry, bound
antibody was detected with rabbit anti-goat antibody
(Dako Corporation) in dilution 1:400. In IL-1β or
α-SMA immunohistochemistry, bound antibodies were
detected with the peroxidase-labeled streptavidinbiotin method (LSAB Kit; Dako Corporation). Then,
these sections were stained with diaminobenzidine
(DAB). Counterstaining was performed with Mayer’s
hematoxylin, and the sections were mounted.

RESULTS
Pancreatic wet weight and protein and DNA content

In AP-C rats on day 12 after induction of AP, pancreatic
wet weight and pancreatic content of protein and
DNA were significantly lower than those in the Control
rats (Table 1). However, protein per DNA ratio (an
indicator of cell size) in AP-C rats was similar to that
in the Control rats. Pancreatic rest for 10 d (AP-R)
significantly increased pancreatic wet weight, and
contents of protein and DNA compared with those
in AP-C rats, but were significantly lower than those
in Control rats. In addition, protein per DNA ratio in
AP-R rats was significantly low compared with that
in AP-C, AP-S and AP-R/S rats. In AP-S and AP-R/S
rats, pancreatic wet weight and pancreatic contents
of protein and DNA were recovered to the levels in
Control rats (Table 1). There were no differences in
pancreatic wet weight, and contents of protein and
DNA between AP-S and AP-R/S rats. Protein per DNA
ratio in AP-R/S rats was similar to that in Control rats,
whereas that in AP-S rats tended to be higher than
Control or AP-R/S rats, although the difference was not
statistically significant (Table 1).

Exocrine function in response to bombesin stimulation

Basal pancreatic fluid secretion in AP-C rats was not
significantly different from that in the Control rats,
whereas it was significantly increased in AP-R, AP-S
and AP-R/S rats compared with that in AP-C or Control
rats (Figure 1A). Basal protein output in AP-C rats
was significantly lower than that in Control, AP-S and
AP-R/S rats (Figure 1B). Pancreatic fluid secretion and

Assays

Serum glucose concentrations were determined by the
glucose-oxidase method using a glucose kit (Glucose-E
[33]
reagent; International Reagents, Kobe, Japan) .
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Table 1 Effect of pancreatic rest or stimulation on the recovery of the pancreas after acute pancreatitis
Parameters

Control

AP-C

AP-R

AP-S

AP-R/S

Pancreatic wet weight (mg/rat)
Pancreatic contents
Protein (mg/pancreas)
DNA (mg/pancreas)
Protein/DNA (mg/mg)
Amylase
(103 SU/pancreas)
(SU/mg protein)
(103 SU/mg DNA)
Lipase
(103 U/pancreas)
(U/mg protein)
(103 U/mg DNA)
Insulin content
(nmol/pancreas)
(nmol/mg DNA)

1120 ± 30

698 ± 581

881 ± 371,2

1074 ± 692,3

1079 ± 662,3

132 ± 8
4.2 ± 0.2
31.1 ± 0.8

50 ± 91
1.7 ± 0.31
31.3 ± 2.2

89 ± 41
3.3 ± 0.11,2
27.2 ± 1.31,2

131 ± 182,3
3.5 ± 0.42
37.7 ± 1.43

126 ± 132,3
4.1 ± 0.42
31.3 ± 1.33

91.2 ± 17.7
681 ± 105
20.4 ± 3

12.3 ± 5.21
240 ± 491
7.0 ± 1.21

46.7 ± 7.81,2
520 ± 962
14.2 ± 3.22

67.7 ± 13.42,3
502 ± 722
20.0 ± 3.72

73.4 ± 12.72,3
509 ± 782
17.6 ± 2.52

11.6 ± 1.2
123.3 ± 22.7
3.7 ± 0.6

4.5 ± 1.21
77.4 ± 8.01
2.6 ± 0.41

8.0 ± 0.61,2
86.3 ± 5.91
2.7 ± 0.11

11.4 ± 1.92
91.7 ± 6.32
3.4 ± 0.32

12.4 ± 1.62
97.9 ± 7.12
3.1 ± 0.32

20.2 ± 1.2
4.95 ± 0.22

12.8 ± 0.81
8.56 ± 1.101

18.9 ± 1.52
5.56 ± 0.572

16.8 ± 0.62
5.25 ± 1.002

17.2 ± 0.52
4.80 ± 0.552

1

Significant difference vs control; 2Significant difference vs AP-C; 3Significant difference vs AP-R. Values are the mean ± SE of 6-8 rats. At 24 h after induction
of acute hemorrhagic pancreatitis by retrograde intraductal infusion of 40 mL/100 g body weight of 3% NaTc, rats were divided into four groups. Rats
in the AP-C group received 2 mL/kg body weight saline twice daily for 10 d; the AP-R group received 50 mg/kg body weight CCK receptor antagonist
loxiglumide twice daily for 10 d; the AP-S group received 25 mg/kg body weight protease inhibitor camostat twice daily for 10 d; and the AP-R/S group
received 50 mg/kg body weight loxiglumide twice daily for the first 5 d followed by 25 mg/kg body weight camostat twice daily for the next 5 d. Rats were
fed ad libitum. On day 12 at 24 h after the last treatment and an overnight fasting, pancreatic exocrine function and histological examination of the pancreas
were performed.
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Figure 1 Pancreatic fluid secretion (A) and protein output (B) in response to bombesin stimulation in the four different treatment groups on day 12 after
induction of acute pancreatitis. Results are the mean ± SE of 6-8 experiments. aP < 0.05 vs control; bP < 0.01 vs AP-C; cP < 0.05 vs AP-R. AP: Acute pancreatitis.

protein output in AP-C rats in response to bombesin
infusion were significantly lower than those in other
groups of rats (Control, AP-R, AP-S and AP-R/S)
(Figure 1A and B). In AP-R rats, bombesin-stimulated
pancreatic fluid secretion and protein output were
significantly higher than those in AP-C rats but lower
than other treatment groups (AP-S and AP-R/S) and
Control. Pancreatic fluid secretion during bombesin
infusion in AP-S and AP-R/S was almost similar to
those in Control rats (Figure 1A and B).

cell score in AP-R, AP-S and AP-R/S rats was similar
to that in Control rats (Figure 2A). In contrast, HOMAIR score (an indicator of insulin resistance) in AP-R
rats was significantly high compared with other groups
of rats, whereas that in AP-C, AP-S and AP-R/S rats
was similar to that in the Control rats (Figure 2B).
In AP-R/S rats, HOMA-IR score tended to be higher
than Control rats, although the difference was not
statistically significant (Figure 2B).

Endocrine function and insulin resistance

In AP-C rats, total pancreatic contents of amylase
and lipase, and concentrations of these enzymes
relative to protein or DNA were lower than those in
Control, AP-R, AP-S and AP-R/S rats. In AP-R rats,
total amylase content was significantly lower than that

Pancreatic contents of amylase, lipase and insulin

HOMA-β-cell score (an indicator of β-cell function) in
AP-C rats on day 12 after induction of pancreatitis was
significantly low compared with that in the Control and
AP-R, AP-R and AP-R/S groups (Figure 2A). HOMA-β-
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Figure 2 HOMA-b-cell (A) and HOMA-IR (B) in the four different treatment groups on day 12 after induction of acute pancreatitis. Results are the mean ± SE
of 6-8 experiments. aP < 0.05 vs control, AP-R, AP-S and AP-R/S; bP < 0.01 vs AP-C; cP < 0.05 vs control, AP-C, AP-S and AP-R/S. AP: Acute pancreatitis.

in the Control, AP-S and AP-R/S rats (Table 1). Total
pancreatic amylase content and concentrations relative
to protein or DNA in AP-S and AP-R/S rats were
similar to those in the Control rats. Pancreatic insulin
content in AP-C rats on day 12 after induction of AP
was significantly lower than that in the Control, AP-R,
AP-S and AP-R/S rats. However, insulin concentration
relative to DNA in AP-C rats was significantly higher
than that in other groups due to a decrease in DNA
content. Pancreatic rest (AP-R) or stimulation (AP-S
and AP-R/S) significantly increased pancreatic insulin
content to that in the Control rats (Table 1).

rats (Figure 4B and C), while they were not detected in
the pancreas of AP-R (Figure 4E and F), AP-S (Figure
4H and I) and AP-R/S rats (Figure 4K and L).

DISCUSSION
Food intake elicits GI hormone release such as secretin
[6,7]
and CCK
, which may stimulate the damaged
pancreas in post-pancreatic states and further ag
gravate pancreatic inflammation. In particular, it is
reported that the increased secretion of CCK is involved
in aggravation of AP following administration of
[39]
trypsin inhibitor . Thus the principle of the traditional
treatment for AP is to rest the pancreas by giving the
[5]
patient nothing po but parenterally . However, no
advantages of PN were reported on the total hospital
[19]
stay or incidences of complications of pancreatitis .
Absence of food in the intestine may cause intestinal
atrophy resulting in bacterial translocation and multiple
[20]
organ failure (MOF) . Nowadays, it is generally
accepted that total oral abstinence from food with PN
is not beneficial to patients with severe AP, but may
in fact be harmful. On the other hand, EN maintains
the gut barrier, with consequent decreased bacterial
translocation, which is in turn associated with fewer
septic complications, and reduced surgical procedures
[20]
and length of hospital stay . EN within 48 h of
admission was feasible and improved the clinical
outcomes in mild as well as in predicted severe or
[18]
severe AP by reducing complications . In mild AP,
immediate oral feeding is feasible and safe, and may
[21,22]
accelerate recovery without adverse GI events
.
Meta-analysis of observational data from 165 individuals
from 8 randomized trials revealed that EN started within
24 h of admission reduced complications compared to
[21]
EN started after 24 h of admission . However, there
is no report regarding recovery of pancreatic function
by oral nutrition from an early time point after AP. Also,
it is unknown whether after an initial attack of AP, the
inflamed gland heals completely, or whether the disease
[23,40]
progresses to chronic pancreatitis
. It is reported

Histological changes

Representative photomicrographs of randomly se
lected sections of the pancreas taken on day 12 after
induction of AP in four different treatment groups are
shown in Figure 3 using the same magnification. In
the pancreas of AP-C rats, destruction of pancreatic
acini, tubular complexes and marked infiltration of
inflammatory cells, mainly lymphocytes, were seen
(Figure 3A). Pancreas rest (AP-R) for 10 d greatly
reversed these histological alterations (Figure 3B),
but atrophy of pancreatic acini and mild infiltration
of inflammatory cells were still observed in the
pancreas. These histological findings in AP-R rats were
consistent with the low value of protein per DNA ratio
(an indicator of cell size) compared with other groups
of rats (Table 1). In AP-S (Figure 3C) and AP-R/S
(Figure 3D) rats, the pancreas showed almost normal
architecture.

Expression of α-SMA and cytokines

Immunohistochemical studies of pancreatic tissues of
AP-C rats showed strong expression of α-SMA in the
degenerative regions (Figure 4A). In AP-R rats (Figure
4D), α-SMA expression was markedly suppressed
compared with AP-C rats. In AP-S (Figure 4G) and
AP-R/S (Figure 4J) rats, α-SMA was only detected
in pancreatic ducts. TNF-α and IL-1β were strongly
expressed in inflammatory cells in the pancreas of AP-C
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A

B

C

D

Figure 3 Representative photomicrographs of the pancreas in the four different treatment groups on day 12 after induction of acute pancreatitis. A: The
pancreas of AP-C rat (ad libitum feeding with saline administration) showed destruction of pancreatic acini, tubular complexes and marked infiltration of inflammatory
cells, mainly lymphocytes; B: The pancreas of AP-R rat (pancreatic rest) showed minimal histologic alterations with atrophic pancreatic acini and mild inflammatory cell
infiltration; The pancreas in AP-S (C) (pancreatic stimulation) and AP-R/S rats (D) (pancreatic rest for the first 5 d followed by pancreatic stimulation for 5 d) showed
almost normal architecture. Original magnification × 25. AP: Acute pancreatitis.

that recovery to normal does not necessarily occur
after AP and that progression to chronic pancreatitis is
[40]
possible at a considerable percentage .
In the present study, we investigated the effects
of pancreatic rest by oral administration of CCK-1
[25]
receptor antagonist loxiglumide
and pancreas
stimulation via endogenous CCK release induced by
[26-28]
po protease inhibitor camostat
on the recovery
of pancreatic secretory function, and biochemical
and histological changes of the pancreas after acute
hemorrhagic pancreatitis. Oral administration of
CCK-1 receptor antagonist loxiglumide with a dose of
50 mg/kg body weight inhibited pancreatic exocrine
[29]
secretion for more than 12 h . Thus, every 12-h
administration of loxiglumide might have completely
blocked the effect of endogenously released CCK on
the pancreas (pancreatic rest). On the other hand,
basal plasma CCK concentrations in randomly fed rats
were 2.59 ± 0.13 pmol/l, and increased to the peak
of 27.6 ± 4.1 pmol/l 1 h after an oral administration
[27]
of 20 mg/kg body weight camostat , and plasma
CCK concentrations at 24 h after oral administration of
100 mg/kg body weight camostat were 6.57 ± 0.67
pmol/l, further increased to 14.24 ± 1.63 pmol/l after
[28]
consecutive camostat administration for 10 d . Our
previous studies clearly indicate that po camostat is a
strong stimulant for endogenous CCK release.
In AP-C rats that were provided ad libitum standard
rat chow consisting of (as a percentage of calories)

WJG|www.wjgnet.com

61% carbohydrate, 26% protein and 13% fat with no
other treatment, biochemical, histological and functional
recovery from AP was delayed and incomplete, even
12 d after the attack of AP compared with that in AP-R,
AP-S and AP-R/S rats. Although a previous study has
revealed that EN downregulates splanchnic cytokine
[18]
production and modulates the acute phase response ,
pancreatic histology and immunohistochemistry in AP-C
rats suggested the presence of continued inflammatory
changes in the pancreas even on day 12 after induction
of AP. We found that plasma CCK levels in NaTc-induced
pancreatitic rats increased from 1.6 ± 0.2 pmol/l to
22.9 ± 2.4 pmol/l at 12 h after intraductal infusion
of NaTc, and remained elevated levels of 11.0 ± 1.0
[13]
pmol/l even 24 h after . However, the sensitivity and
responsiveness of the pancreas to CCK stimulation
[41,42]
are decreased at an early stage of AP
, therefore,
the injured pancreas after AP does not respond to
CCK stimulation. Thus, it is difficult to believe that the
increase in plasma CCK concentrations after AP leads to
exacerbation of AP. Moreover, physiological increases in
plasma CCK concentrations after ad libitum feeding in
post-pancreatitic rats seem to be too low to stimulate
proliferation and growth of the damaged pancreas, and
thus the recovery in AP-C rats might be delayed.
High plasma CCK concentrations are reported
[43]
in patients with AP
as well as in various animal
[8,13]
models of AP
. However, it is not clear whether the
increase in plasma CCK concentrations is the result
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Figure 4 Representative immunohistochemical studies of the pancreas in the four different treatment groups on day 12 after induction of AP. A: The
pancreas of AP-C rats showed strong a-SMA expression in the degenerative regions; In AP-S (G) and AP-R/S rats (J), a-SMA was only detected in pancreatic ducts.
In AP-C rats, TNF-a (B) and IL-1b (C) were strongly expressed in inflammatory cells in the pancreas. In AP-R, AP-S and AP-R/S rats, TNF-a (E, H and K) and IL-1b (F,
I and L) were not detected in the pancreas; D: Pancreatic rest (AP-R) markedly reduced a-SMA expression. Arrows in A, D, G and J indicate a-SMA expression in the
pancreas. Arrows in B indicate TNF-a expression in the pancreas. Arrows in C indicate IL-1b expression in the pancreas. Original magnification × 50.
[8-11,14]

AP
. Moreover, in the OLETF rats that are missing
the CCK-1 receptor, in spite of significant increase
in plasma CCK concentrations after AP, biochemical,
histological and functional changes are mild compared
with those in the control Long-Evans Tokushima

or cause of AP. Administration of excessive doses of
[44,45]
CCK or its analog cerulein causes AP
, and even
[10]
physiological doses worsen AP . On the other hand,
CCK-1 receptor antagonists have not only preventive
but also protective effects on experimental models of
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Otsuka (LETO) rats . Consistent with these reports
that suggest involvement of CCK in the progress of
AP, the present study demonstrated that blockade of
the CCK stimulation (AP-R) accelerated the recovery
compared to that in saline-treated AP-C rats. However,
biochemical, histological and functional recovery in this
group was still incomplete compared to that in AP-S
and AP-R/S groups. Moreover, consecutive blockade
of the CCK-1 receptors for 10 d appeared to delay
biochemical, histological and functional recovery,
since these parameters were low compared with the
untreated Control rats. In addition, pancreatic rest
for 10 d caused atrophy of pancreatic acini evaluated
by a decrease in protein per DNA ratio, although it
suppressed α-SMA and cytokines expression. Since
the recovery of the injured pancreas in AP-R rats was
faster than that in AP-C rats, but delayed compared
with AP-S and AP-R/S rats, the regeneration process of
the damaged pancreas might be under the influence of
endogenous CCK at some point after AP, as previously
[46,47]
reported
. It is conceivable therefore that the
pancreatic rest should be limited only at early time
points to accelerate the regeneration process of the
damaged pancreas after AP. However, our previous
study in cerulein-induced mild AP revealed that
loxiglumide, even when given only for 3 d after the
onset of AP, suppressed the spontaneous recovery of
pancreatic weight and protein content evaluated on
[46]
day 8 . The difference between the present and the
previous observation might be due to the difference
in severity of AP (hemorrhagic vs edematous pan
creatitis) or to the magnitude of the elevation of
endogenous CCK after AP. These differences suggest
that pancreatic rest is not necessary after mild AP.
Endogenously released as well as exogenously
administered CCK causes hyperplasia and hypertrophy
of the pancreas, and increases pancreatic enzyme
[26,46]
content in normal rats
. Similarly, in ceruleininduced post-pancreatitic rats, repeated sc injections
of cerulein increased all parameters within 5 d and
induced pancreatic growth thereafter when given
[47]
[10,39]
after 3 d of rest . Moreover, Evander et al
and
[47]
Jurkowska et al
also demonstrated in NaTc-induced
post-pancreatitic rats that soybean trypsin inhibitor
(SBTI) restores the pancreas to normal after 10 d
with cellular hypertrophy when started after 3 d of
rest. In contrast, repeated sc injections of CCK-8
for 6 d started from 24 h after induction of ceruleinpancreatitis suppressed the spontaneous recovery
[46]
of pancreatic wet weight . These different results
can be explained by the differences in the start of
cerulein/CCK-8 or trypsin inhibitor administration after
induction of AP. Both cerulein- and NaTc-induced AP
rats are resistant to cerulein/CCK stimulation during
[41,42]
an early stage of pancreatitis
. It is possible,
therefore, that the repeated sc injections of CCK or
endogenous CCK release during early post-acute
pancreatitis (≤ 3 d after onset of AP) might have
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no influence on the pancreas due to cerulein/CCK
resistance, and thus delayed the expected hypertrophic
and hyperplastic response of the pancreas. After 3
d of rest, the post-AP pancreas might respond to
CCK stimulation with hypertrophy and hyperplasia.
In the present study, we used the synthetic trypsin
inhibitor camostat as a stimulant for endogenous CCK
release. Orally administered camostat not only elicits
endogenous CCK release by inhibiting trypsin activity
in the intestine, but also inhibits circulating proteases
such as trypsin, kallikrein, thrombin, plasmin, and Ci
[48]
esterase after being absorbed from the intestine .
Stimulation of the pancreas by endogenous CCK from
an early time after induction of AP (AP-S) markedly
decreased the expression of a-SMA and cytokines,
as well as infiltration of inflammatory cells in the
pancreas, and almost completely recovered pancreatic
wet weight, pancreatic contents of protein, DNA and
enzymes, and histology. Since the protein per DNA
ratio tended to increase compared with that in Control
rats, endogenously released CCK might have induced
hypertrophy of the pancreas. However, pancreatic fluid
secretion to bombesin stimulation was significantly
low compared with that in Control rats. These results
suggest that stimulation of the pancreas from an early
stage after induction of AP also slightly delays the
recovery.
In normal rats and mice, po administration of
camostat induces pancreatic hypertrophy and hyper
[28,49]
plasia
. However, oral administration of camostat
for 10 d from an early stage after induction of AP had
no significant trophic effects on the pancreas compared
with untreated Control rats, although it increased
pancreatic weight, and protein and enzyme contents
compared with those in the AP-C rats. A similar result
was observed in postpancreatitic rats injected with
CCK-8 from the early stage after induction of cerulein[46]
pancreatitis . Since po administration of protease
[26-28]
inhibitor stimulates endogenous CCK release
,
and endogenous CCK is shown to be an exacerbatory
[8,9,10,39]
factor in AP
, it is possible that camostat exerted
an anti-protease effect but had neither hypertrophic
nor hyperplasic effects on the damaged pancreas
[41,42]
during the early stage (CCK resistant stage
after
[50]
induction of AP. In contrast, however, Song et al
demonstrated a trophic effect of endogenous CCK by
feeding with 0.1% camostat-containing diet for 7 d
on pancreatic regeneration in severe model of acute
hemorrhagic pancreatitis that was induced in rats
by two intraperitoneal injections of cerulein under
water-immersion stress for 5 h, once a day for three
successive days.
Endogenously released as well as exogenously
administered CCK plays an important role in the growth
[51]
of the normal pancreas
and pancreatic regeneration
[46,50]
in postpancreatitic rats
. We investigated the effect
of pancreatic rest by CCK-1 antagonist for the first 5 d
followed by stimulation by endogenous CCK for the next
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5 d after induction of acute hemorrhagic pancreatitis
(AP-R/S). By this treatment, biochemical parameters,
and pancreatic endocrine and exocrine functions
were completely recovered to normal. Moreover, the
pancreas showed almost normal architecture and α-SMA
and cytokines expression was completely inhibited.
Thus, it is clear that the combination of CCK-1 receptor
antagonist with an endogenous CCK release stimulant
further accelerates recovery from acute hemorrhagic
pancreatitis.
Pancreatitis is a complex syndrome consisting of
exocrine and endocrine derangement. In the present
study, we found that not only exocrine pancreas but
also endocrine pancreas evaluated by HOMA-β-cell
score and pancreatic insulin content were deranged
in NaTc-induced AP rats. Pancreatic rest by CCK-1
receptor antagonist, and pancreatic stimulation by
endogenous CCK release stimulant significantly
recovered pancreatic insulin content. Thus pancreatic
rest or stimulation after AP appears to improve
pancreatic endocrine function, although there is a
possibility that long-term CCK-1 receptor antagonist
treatment causes insulin resistance as our previous
[52,53]
reports
.
In summary, long-term pancreas rest, or pancreatic
stimulation from an early stage after induction of
AP seems to delay the recovery. The most favorable
strategy for the treatment of acute hemorrhagic
pancreatitis is to maintain the pancreas at rest during
an early stage for only a short period, followed by
pancreatic stimulation. Although it is difficult to
translate the present observation made in a particular
animal model to humans, these results suggest that a
high-protein meal should be avoided during an early
time after AP but protein meals may be important
during later times to stimulate recovery of pancreatic
function.

It is generally accepted that enteral nutrition may improve outcome in patients
with AP if given early. However, feeding ad libitum without any treatment
delayed biochemical, histological and functional recovery from acute
hemorrhagic pancreatitis. Pancreatic rest made by blocking cholecystokinin
(CCK)-1 receptor improved biochemical and histological alterations except
pancreatic secretory function and HOMA-β-cell score. Pancreatic stimulation
caused by eliciting endogenous CCK release from an early stage after acute
pancreatitis significantly improved biochemical and histological alterations,
and recovered pancreatic insulin content and HOMA-β-cell score, but slightly
delayed the recovery of exocrine secretory function. The favorable treatment
strategy for AP is to keep the pancreas at rest during the early stage, followed
by pancreatic stimulation by promoting endogenous CCK release.

Applications

These results suggest that high-protein meals should be avoided during the
early stages after AP but protein meals may be important during later times to
stimulate recovery of pancreatic function.

Terminology

CCK is secreted by I cells of the upper small intestine. Its secretion is stimulated
by the introduction of hydrochloric acid or fatty acids into the stomach or the
duodenum. CCK stimulates the gallbladder to contract and release stored bile
into the intestine. It also stimulates the secretion of pancreatic juice rich in
digestive enzymes and may induce satiety. Two types of CCK receptors (type
A, “alimentary,” and type B, “brain”) have been identified on a pharmacological
basis. The CCK-A receptor was first characterized in pancreatic acini from
rodents, whereas the CCK-B receptor was first found in the brain. Based on
recommendations of the International Union of Pharmacology Committee
regarding receptor nomenclature and drug classification, the CCK-A receptor
has been renamed CCK1 receptor, and the CCK-B receptor has been renamed
CCK2 receptor. CCK1 receptor binds and responds to sulfated CCK with a
500-1000-fold higher affinity or potency than sulfated gastrin or nonsulfated
CCK. The CCK2 receptor binds and responds to gastrin or CCK with almost
the same affinity or potency and discriminates poorly between sulfated and
nonsulfated peptides. In the periphery, the CCK2 receptor is considered as the
gastrin receptor.

Peer-review

This is a very good manuscript that addresses an important problem, namely
how to best manage patients with acute pancreatitis. There is no specific
pharmacotherapy for this disease; thus, management of patients is critically
important. The authors demonstrate in a rat model of acute pancreatitis that
rest followed by stimulation of CCK secretion is the most effective protocol for
recovery from this disease.
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Abstract
AIM: To investigate whether ezetimibe ameliorates
hepatic steatosis and induces autophagy in a rat model
of obesity and type 2 diabetes.

Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the Institutional
Animal Care and Use Committee of Kangbuk Samsung Hospital,
Sungkyunkwan University (IACUC protocol number: 201010014).

METHODS: Male age-matched lean control LETO
and obese and diabetic OLETF rats were administered
either PBS or ezetimibe (10 mg/kg per day) via
stomach gavage for 20 wk. Changes in weight gain and
energy intake were regularly monitored. Blood and liver
tissue were harvested after overnight fasting at the
end of study. Histological assessment was performed
in liver tissue. The concentrations of glucose, insulin,
triglycerides (TG), free fatty acids (FFA), and total
cholesterol (TC) in blood and TG, FFA, and TG in liver
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tissue were measured. mRNA and protein abundance
involved in autophagy was analyzed in the liver. To
investigate the effect of ezetimibe on autophagy and
reduction in hepatic fat accumulation, human Huh7
hepatocytes were incubated with ezetimibe (10 μmol/L)
together with or without palmitic acid (PA, 0.5 mmol/
L, 24 h). Transmission electron microscopy (TEM)
was employed to demonstrate effect of ezetimibe on
autophagy formation. Autophagic flux was measured
with bafilomycin A1, an inhibitor of autophagy and
following immunoblotting for autophagy-related protein
expression.

Chang E, Kim L, Park SE, Rhee EJ, Lee WY, Oh KW, Park
SW, Park CY. Ezetimibe improves hepatic steatosis in relation
to autophagy in obese and diabetic rats. World J Gastroenterol
2015; 21(25): 7754-7763 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i25/7754.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7754

INTRODUCTION
The increasing prevalence of nonalcoholic fatty liver
disease (NAFLD) by up to 30% in Western countries
has resulted in NAFLD becoming the most common
[1-3]
feature of chronic liver disease . Numerous studies
have demonstrated a positive correlation between
metabolic disorders such as insulin resistance and
obesity and the progression of liver fibrosis, cirrhosis,
[1,4]
and hepatocellular carcinoma . Given the rapidly
increasing prevalence of NAFLD and its positive re
lationship with metabolic syndrome, the prevention
and attenuation of NAFLD is critical.
Ezetimibe decreases intestinal cholesterol in
corporation by blocking Niemann-Pick C1-like 1
[5,6]
(NPC1L1) protein . Given the association between
dysregulated cholesterol metabolism and metabolic
disorders, numerous human and animal studies have
shown that the NPC1L1 inhibitor ezetimibe affects
metabolic disorders including insulin resistance, type
[7-11]
2 diabetes, and atherosclerosis
. In addition to
intestinal NPC1L1 expression, NPC1L1 is also highly
[5,12]
abundant in the liver
. Consequently, fatty liver is
improved by ezetimibe in obese subjects undergoing
[13]
weight loss intervention
as well as in subjects with
[14]
NAFLD and nonalcoholic steatohepatitis (NASH) with
[15]
dyslipidemia . Ezetimibe administration ameliorates
hepatic steatosis in diet-induced fatty liver animal
[16,17]
[18,19]
models
, fatty liver Shionogi mice
, db/db
[20]
[7,8]
mice , and Zucker obese fatty rats . Moreover,
NPC1L1-ablated mice are protected from high fat[21]
induced fatty liver . Together, these data support
the possibility that NPC1L1 inhibition might be an
effective method for treating NAFLD. However, more
studies investigating the molecular and intracellular
mechanisms by which ezetimibe regulates hepatic lipid
metabolism and improves NAFLD are necessary.
Autophagy is the process of intracellular degradation
via the formation of double-membrane structures
known as autophagosomes, which is followed by their
transport to lysosomes, fusion with the lysosomes to
form autolysosomes, and finally, degradation of the
contents enclosed within the inner autophagosomal
[22]
membrane . The role of autophagy is to maintain
cellular homeostasis by routine turnover of cytoplasmic
components under various stress conditions such as
starvation, virus infection, and endoplasmic reticulum
[23-26]
(ER) stress
. However, recent studies have sug
gested a new function and role for autophagy in
hepatic lipid storage via a process termed lipophagy.
Hepatic lipid accumulation by lipid challenge inhibits

RESULTS: In the OLETF rats that received ezetimibe
(10 mg/kg per day), liver weight were significantly
decreased by 20% compared to OLETF control rats
without changes in food intake and body weight (P <
0.05). Lipid parameters including TG, FFA, and TC in
liver tissue of ezetimibe-administrated OLETF rats were
dramatically decreased at least by 30% compared to
OLETF controls (P < 0.01). The serum glucose, insulin,
HOMA-IR, and lipid profiles were also improved by
ezetimibe (P < 0.05). In addition, autophagy-related
mRNA expression including ATG5, ATG6, and ATG7
and the protein level of microtubule-associated protein
light chain 3 (LC3) were significantly increased in
the liver in rats that received ezetimibe (P < 0.05).
Likewise, for hepatocytes cultured in vitro , ezetimibe
treatment significantly decreased PA-induced fat
accumulation and increased PA-reduced mRNA and
protein expression involved in autophagy (P < 0.05).
Ezetimibe-increased autophagosomes was observed in
TEM analysis. Immunoblotting analysis of autophagy
formation with an inhibitor of autophagy demonstrated
that ezetimibe-increased autophagy resulted from
increased autophagic flux.
CONCLUSION: The present study demonstrates that
ezetimibe-mediated improvement in hepatic steatosis
might involve the induction of autophagy.
Key words: Autophagy; Ezetimibe; Hepatic steatosis;
Nonalcoholic fatty liver disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As an anti-hypercholesterolemia drug,
ezetimibe is reported to improve metabolic disorders.
Moreover, the hepatic expression of Niemann-Pick
C1-like 1 protein, the target of ezetimibe, has led
to increased interest in the effects, which have not
been fully delineated, of ezetimibe on the liver. In the
current study, ezetimibe treatment improved hepatic fat
accumulation, which was accompanied by the induction
of hepatic autophagy in obese and diabetic rats. In
addition, in vitro hepatocytes treated with an inhibitor
of autophagy showed that ezetimibe-induced autophagy
resulted from an increase in autophagic flux. Therefore,
ezetimibe-increased autophagy flux may play an
important role in the improvement of hepatic steatosis.
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[27-29]

hepatic autophagy
, and inhibition of autophagy
by genetic knockdown or pharmacological methods
increases hepatocyte triglyceride (TG) and cholesterol
[27,29]
levels
. Importantly, these results may suggest a
new mechanism for the treatment of hepatic steatosis.
In the present study, we investigated the effects of
ezetimibe on glycemic control, hepatic fat accumulation,
and the induction of liver autophagy. In both a rat
model of obesity and diabetes and palmitic acid (PA)treated hepatocytes, ezetimibe attenuated hepatic
fat accumulation concomitant with increased hepatic
autophagy.

assay (Sigma-Aldrich and Crystal Chem, Downers
Grove, IL, United States). The blood and liver TG
levels were also measured by enzymatic assay
(Sigma-Aldrich). Commercial kits were employed
for the measurement of free fatty acid (FFA; Wako
Pure Chemical Industries, Osaka, Japan) and total
cholesterol (TC; Cayman Chemical Com., Ann Arbor, MI,
United States). The liver metabolic parameters were
normalized to their respective protein concentrations.
The homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated using the following formula:
fasting glucose (mmol/L) × fasting insulin (mU/L)/22.5.

Histological Analysis and NAFLD activity score

MATERIALS AND METHODS

Dissected liver tissues were fixed in 10% formalin
buffer overnight. The tissues were then embedded in
paraffin, sliced into 5-μm-thick sections, and stained
with hematoxylin and eosin (HE). Digital images were
captured with an Olympus BX51 light microscope
(magnification, 200 ×, Tokyo, Japan). A pathologist
blinded to the experimental conditions evaluated
the NAFLD activity score (NAS). Three features of
NAFLD, namely steatosis, lobular inflammation, and
[33]
ballooning, were scored as described previously .
NAFLD activity score (NAS) was calculated as follows;
steatosis (0-3), ballooning (0-2), and inflammation
(0-3) were summed.

Animals

All animal experiments were conducted following the
recommendations in the National Institutes of Health
Guide for the Care and Use of Laboratory Animals
and were approved by the Ethics Committee for
Animal Experiments of Kangbuk Samsung Hospital,
Sungkyunkwan University. Male OLETF (n = 11) and
age-matched LETO rats (n = 3) were purchased from
Otsuka Pharmaceuticals (Tokushima, Japan), and
experiments were conducted in a specific pathogenfree facility with a 12 h light/dark cycle at Kangbuk
Samsung Hospital, Sungkyunkwan University. The
OLETF rat is a model that represents late-onset
hyperglycemia and exhibits a chronic disease course,
[30,31]
mild obesity and clinical onset of diabetes mellitus
.
Animals had unrestricted access to water and food
(PicoLab Rodent Diet 20 5053, Purina Mills, Richmond,
IN, United States). At 12 wk of age, rats were ran
domized and treated with either PBS or ezetimibe (10
mg/kg per day) via a stomach gavage for 20 wk. At
the end of the study, the rats were fasted overnight
and anesthetized with intraperitoneal Zoletil/Rompun.
Blood was collected from the abdominal aorta, and
liver tissues were dissected, immediately frozen in
liquid nitrogen, and stored at -80 ℃ until further
analysis.

RNA analysis

The total RNA was extracted using an RNeasy Mini
Kit (Invitrogen, Carlsbad, CA, United States). A highcapacity cDNA Kit (Applied Biosystems, Foster City,
CA, United States) was used for cDNA synthesis. Realtime quantitative PCR (RT-PCR) was performed with a
Roche Lightcycler 480 (Roche, Mannheim, Germany)
using Roche real-time PCR master mix and UPL. The
primer sequences used are listed in Table 1. The PCR
parameters were as follows: pre-denaturation at 95 ℃
for 10 min, followed by 45 cycles of denaturation at
95 ℃ for 10 s, and annealing/extension at 60 ℃ for 20
s. Expression of each target gene was normalized to
housekeeping gene (GAPDH or β-actin) and expressed
as the fold change relative to the control treatment.
CT values of GAPDH or β-actin were not statistically
different among groups.

Cell culture

Huh7 human hepatocytes (Korean Cell Line Bank,
Seoul, South Korea) were cultured in high glucose
DMEM (Gibco, Grand Island, NY, United States)
containing 10% FBS (Gibco), 100 units/mL penicillin
and 100 μg/mL streptomycin (Gibco) at 37 ℃ in a 95%
air/5% CO2 atmosphere. Ezetimibe was provided by
Merck Sharp and Dohme Corp. (Rahway, NJ, United
States). Hepatocytes were treated with or without
ezetimibe (10 μmol/L, 1 h) and incubated with palmitic
acid (PA, 0.5 mmol/L, 24 h; Sigma-Aldrich, St. Louis,
MO, United States). Palmitic acid was prepared as
[32]
previously described .

Immunoblot analysis

Equal amounts of protein were loaded into each
lane of a 4%-20% gradient SDS polyacrylamide gel,
separated by SDS-polyacrylamide gel electrophoresis,
and transferred to polyvinylidene difluoride membranes
(Millipore, Marlborough, MA, United States). The
membranes were probed with the following primary
antibodies: α-tubulin, ATG5, ATG6, LC3B, and GAPDH
(Cell Signaling Technology, Danvers, MA, United States)
followed by the appropriate secondary antibody. The
immunoreactive bands were developed with the
Amersham ECL plus system (Amersham-Pharmacia

Measurement of metabolic parameters

Serum glucose and insulin were analyzed by enzymatic
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Table 1 Primers used for real-time quantitative-polymerase chain reaction
Organism
Human

Rat

Gene

Forward primer

Reverse primer

ATG5
ATG6
ATG7
GAPDH
β-actin
ATG5
ATG6
ATG7

CAACTTGTTTCACGCTATATCAGG
GGATGGTGTCTCTCGCAGAT
CCGTGGAATTGATGGTATCTG
AGCCACATCGCTCAGACAC
CCTGTATGCCTCTGGTCGTA
CTGTTCGATCTTCTTGCATCA
CAGGCGAAACCAGGAGAG
TTCTTAGAAGATTTGACTGGTCTTACA

CACTTTGTCAGTTACCAACGTCA
TTGGCACTTTCTGTGGACAT
TCATCCGATCGTCACTGCT
GCCCAATACGACCAAATCC
CCATCTCTTGCTCGAAGTCT
TCCTTTTCTGGAAAACTCTTGAA
CGAGTTTCAATAAATGGCTCCT
TCACTCATGTCCCAGATCTCA

ATG: Autophagy-related gene; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

as P < 0.05.

Table 2 Metabolic characteristics of the LETO control and
control or ezetimibe-treated OLETF
LETO control
(n = 3)
b

Body weight (g)
524.00 ± 1.15
Daily food intake (g)
3.61 ± 0.12b
Liver tissue weight (%BW)
2.52 ± 0.05a
Serum concentration
Glucose (mmol/L)
5.24 ± 0.01b
Insulin (ng/mL)
0.10 ± 0.002b
HOMA-IR
0.57 ± 0.01b
TG (mmol/L)
4.56 ± 0.08b
FFA (mmol/L)
0.37 ± 0.01b
TC (μmol/L)
124.02 ± 4.34b
Liver concentration
TG (mmol/mg protein)
14.75 ± 0.72b
FFA (nmol/mg protein)
9.93 ± 0.64b
TC (nmol/mg protein)
4.74 ± 0.41b

OLETF
control
(n = 5)

RESULTS

OLETF
Ezetimibe
(n = 6)

Ezetimibe affects hepatic steatosis without changing
body weight and food intake in OLETF rats

617.67 ± 23.29 642.29 ± 20.47
5.06 ± 0.30
4.62 ± 0.13
3.60 ± 0.29
2.90 ± 0.10a

As shown in Table 2, the body weight and daily food
intake were not significantly different between control
and ezetimibe-treated OLETF rats. Despite the lack
of difference in body weight, the liver tissue weight
was significantly decreased (20%) by ezetimibe in
OLETF rats (Table 2). Likewise, blood and liver lipid
levels including TG, FFA, and TC were significantly
decreased in ezetimibe-treated OLETF rats (Table 2).
Moreover, OLETF rats showed higher serum levels of
glucose, insulin, HOMA-IR, TG, FFA, and TC than LETF
animals, which were significantly reduced by ezetimibe
(Table 2). In addition, histological analysis indicated
that OLETF control rats showed larger lipid droplets in
hepatocytes than age-matched LETO controls, which
were attenuated by administration of ezetimibe (Figure
1A). Similar to these liver features, the NAFLD activity
score (NAS) was also reduced by ezetimibe treatment
(Figure 1B).

10.23 ± 0.13
7.25 ± 0.08b
0.82 ± 0.08
0.29 ± 0.05b
3.84 ± 0.26
1.75 ± 0.04b
12.94 ± 0.94
9.83 ± 0.94a
0.69 ± 0.02
0.51 ± 0.02b
466.22 ± 12.32 255.08 ± 5.10b
22.72 ± 1.21
18.90 ± 1.35
17.81 ± 0.98

6.66 ± 1.01b
13.10 ± 0.60b
12.66 ± 0.50b

Data are expressed as the mean ± SE. aP < 0.05, bP < 0.01 vs OLETF control.
BW: Body weight; FFA: Free fatty acids; HOMA-IR: Homeostasis model
assessment of insulin resistance; TC: Total cholesterol; TG: Triglycerides.

Biotech, Arlington Heights, IL, United States). De
nsitometry analysis was performed using ImageJ
software (National Institutes of Health, Bethesda, MD,
United States).

Ezetimibe induces autophagy in OLETF liver tissue

To address whether ezetimibe administration alters the
catabolic autophagy process, we first examined the
mRNA and protein expression of autophagy-related
[34]
genes (ATG). Among identified 30 ATG genes , ATG5,
ATG6, and ATG7 have been fully demonstrated using
method of targeted deletion in animals and cells. In
the process of autophagosome formation, ATG5 is
conjugated and forms a complex with ATG12 and
[35]
ATG16 . ATG6 and ATG7 are required for autophagy
as a part of a lipid kinase complex or by specifically
[36,37]
involvement in autophagosome formation
. In
the present study, the hepatic mRNA expression of
ATG5, ATG6, and ATG7 was significantly upregulated in
ezetimibe-treated OLETF rats by at least 50% (Figure
2A), but no significant difference in protein levels was
observed (Figure 2B and C). Microtubule-associated
protein light chain 3 (LC3) is related to the extent of
[38]
autophagosome formation . Specifically, the level
of LC3-Ⅱ is closely associated with the number of

Electron microscopy

After washing with PBS, samples were fixed with 2.5%
glutaraldehyde plus paraformaldehyde in 0.1 mol/L
PBS (pH 7.4) for 2 h and washed three times for 30
min in 0.1 mol/L PBS. Next, glutaraldehyde-fixed
specimens were treated with 1% OsO4 in 0.1 mol/L
PBS for 2 h, dehydrated in increasing concentrations of
ethanol (50%-100%), infiltrated with propylene oxide,
and embedded in an EPON mixture. Polymerized
sections were then cut, stained, and examined using
transmission electron microscopy (JEM-1101, JEOL,
Japan).

Statistical analysis

The data are expressed as the mean ± SE. Student’s
t test were employed for comparisons of two matched
groups using PASW Statistics 18 (SPSS Inc., Chicago,
IL, United States). Statistical significance was defined
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LETO con

OLETF con

200 mm

B
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3.5
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OLETF con
OLETF Ez
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a

2.0
1.5
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P = 0.07

a
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OLETF Ez

Ballooning
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Figure 1 Ezetimibe improves hepatic steatosis in OLETF rats. A: Representative HE liver sections (scale bar, 200 μm; magnification × 200); B: NAFLD activity
score. Data are expressed as the mean ± SE. aP < 0.05 vs OLETF control. ND: Not detected in LETO control (LETO con); white bar: OLETF control (OLETF con);
black bar: OLETF ezetimibe group (OLETF Ez); NAFLD: Nonalcoholic fatty liver disease.

autophagosomes present; thus, the ratio between LC3-I
and LC3-Ⅱ (LC3 conversion) can be used to measure
[39]
the extent of autophagy . In the current study,
liver LC3 conversion (LC3-Ⅱ/LC3-Ⅰ) was decreased
in OLETF controls compared to LETO controls, but
ezetimibe administration significantly increased the
relative ratio of LC3-Ⅱ to LC3-Ⅰ by 15% (Figure 2B
and C).

effects of ezetimibe on hepatocyte autophagosome
formation. As shown in Figure 4A, PA plus ezetimibetreated hepatocytes exhibited increased formation of
autophagosomes compared to the PA-treated cells. To
determine if ezetimibe increases autophagic flux, cells
were co-treated with bafilomycin A1 (BAF), an inhibitor
+
of autophagy that inhibits the vacuolar type H -ATPase,
and immunoblotting for LC3 was performed. The results
shown in Figure 4B and C indicate that the combination
of PA and ezetimibe in the presence of BAF increased
the ratio of LC3-Ⅱ to LC-Ⅰ, suggesting that ezetimibe
affects autophagic flux in PA-treated hepatocytes.

In vitro effects of ezetimibe on TG levels and autophagy
in Huh7 hepatocytes

Human huh7 hepatocytes were pretreated with ez
etimibe (10 μmol/L, 1 h) and incubated with PA (0.5
mmol/L, 24 h) to induce hepatic steatosis. As shown in
Figure 3A, ezetimibe treatment significantly attenuated
PA-increased TG levels, which was consistent with
our animal study. PA treatment resulted in an
approximately 20% decrease in mRNA expression of
ATG5, ATG6, and ATG7, which had been increased by
ezetimibe treatment (Figure 3B). In addition, ezetimibe
treatment significantly increased the PA-induced
reduction in LC3 protein abundance (Figure 3C and
D). However, p62, specific substrates for autophagy
[40]
turnover and degradation
was significantly elevated
by PA which was attenuated by ezetimibe in PA-treated
hepatocytes (Figure 3C and D). Transmission electron
microscopy (TEM) was employed to investigate the

WJG|www.wjgnet.com

DISCUSSION
Ezetimibe is a drug used to lower blood cholesterol
[5,6]
levels by targeting NPC1L1 . As described in previous
studies showing ezetimibe-mediated improvement
[7-11]
in metabolic syndrome
, we found that chronic
ezetimibe treatment improves glycemic control and
leads to an increase in bioactive glucagon-like peptide-1
[41]
(GLP-1) and pancreatic β-cell mass in OLETF rats .
In addition, recent findings concerning hepatic NPC1L1
expression and its ability to mediate improvement in
hepatic fat accumulation have attracted new research
[42]
interest . Previous studies have suggested that
ezetimibe attenuates hepatic steatosis by decreasing
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Figure 2 Ezetimibe increases autophagy makers in OLETF liver tissue. mRNA level (A) and protein expression (B and C) was measured and expressed as
the fold change compared to OLETF control. ATG 5 and 6 protein expression was normalized by α-tubulin and LC3 protein abundance was expressed as the ratio
between LC3-Ⅱ (14 kDa) and LC3-Ⅰ (16 kDa). Results are presented as mean ± SE. aP < 0.05, bP < 0.01 vs OLETF control. ATG: Autophagy-related gene; LETO
con: LETO control; OLETF con: OLETF control; OLETF Ez: OLETF ezetimibe.

hepatic oxidative stress and improving hepatic insulin
[7,8,16-20]
sensitivity and lipid metabolism
. However, most
studies used a mouse model in which hepatic NPC1L1
expression is undetectable. Therefore, these findings
might be associated with the ability of ezetimibe to
inhibit intestinal cholesterol uptake and the subsequent
reduction in hepatic lipid trafficking, rather than a
direct effect on liver and hepatic fat metabolism. In the
current study, we investigated the role of ezetimibe
in hepatic fat accumulation using both in vivo and
in vitro models. Age-matched LETO rats were used
to compare with OLETF rats. OLETF control rats
showed bigger liver size, heavier body weight, and
higher glucose and insulin levels than those of LETO
controls. Ezetimibe administration in OLETF rats (n =
5) significantly decreased liver weight and serum and
liver lipid parameters including TG, FFA, and TC levels,
compared to OLETF control animals (n = 6). In addition
to the improvement of hepatic fat accumulation, we
also found that ezetimibe significantly decreased
serum concentrations of glucose and insulin and
HOMA-IR, an index of insulin resistance in OLETF rats,
[41]
consistent with our previous study
and numerous
[7-9,13,17,20]
other studies
. Moreover, in vitro hepatocytes,
ezetimibe treatment significantly reduced PA-induced
TG accumulation (P < 0.05). According to the most
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accepted hypothesis for hepatic steatosis, the multi-hits
model, the accumulation of FFAs and TG in hepatocytes
is the first hit which led up to subsequent hits to more
[43]
advanced stages of liver injury . Thus, ezetimibedecreased concentrations of lipid parameters in the
serum and liver might show the preventive effects of
ezetimibe on the initial stage of NAFLD.
As a bulk degradation system, autophagy breaks
down the plasma membrane and extracellular proteins
in the lysosomal pathway via the formation of double[22]
membrane structures known as autophagosomes .
This catabolic pathway has been described recently as
a regulator of lipid storage and metabolism, sugges
ting that autophagy might be a potential therapeutic
[44]
target for excessive fat accumulation . Genetic and
dietary animal models for obesity and hepatic steatosis
decrease mRNA expression of autophagy-related
genes and conditional ATG7-knockout mice improves
[27,45]
hepatic lipid accumulation
. These animal studies
reveal that autophagy play a major role in hepatic lipid
metabolism. Moreover, deleted autophagy-related gene
(ATG) leads to impaired insulin signaling and increased
endoplasmic reticulum (ER) stress. Restoration of
ATG in liver of this ATG deficient animals, decreases
[46]
ER stress and improves hepatic insulin action . It
demonstrates that autophagy is involved in intracellular
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Figure 3 Ezetimibe treatment attenuates triglycerides accumulation and induces autophagy in hepatocytes. Hepatic triglyceride concentration (A) and mRNA
(B) and protein expression (C and D) involved in autophagy were expressed as the mean ± SE. Experiments represent at least three independent experiments (n ≥ 9).
a
P < 0.05, bP < 0.01, vs control; cP < 0.05, dP < 0.01, PA vs PA + Ez. ATG: Autophagy-related gene; Con: Control; Ez: Ezetimibe; GAPDH: Glyceraldehyde 3-phosphate
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[29]

lipid storage, release of fatty acids from triglyceride
within hepatocyte lipid droplets, lipotoxicity-induced ER
stress, and hepatic insulin sensitivity. In addition, liver
specific autophagy deficient mice show hepatocyte
[47]
cell death and liver injury . In autophagy deficient
cells, hepatocyte survival is impaired and production
of TNFα is increased, all of which leads to hepatocellu
[48]
lar carcinoma . Moreover, autophagy is associated
with cell death by interacting with Fas-associated
[49]
protein with death domain (FADD) . It suggests that
autophagy plays a critical role of tumor-suppression
mechanism.
In the present study, ezetimibe administration
decreased liver weight and lipid levels and improved
serum metabolic parameters and histological features,
in addition to increasing the expression of LC3-Ⅱ, in
a rat model of type 2 diabetes. The ezetimibe-induced
autophagy that we observed was consistent with a
recent study showing that ezetimibe plays a role in
cholesterol homeostasis and liver degeneration in α1[50]
antitrypsin deficiency . To induce hepatic steatosis,
we incubated Huh7 human hepatocytes with 0.5
mmol/L PA for 24 h. As shown in a previous study, PA
treatment in hepatocytes significantly decreases autoph
agy, suggesting that hepatic autophagy is associated

WJG|www.wjgnet.com

with hepatic fat accumulation . In the present
study, ezetimibe treatment increased PA-decreased
autophagosome formation in Huh7 hepatocytes as
determined by TEM and Western blotting of LC3-Ⅱ and
p62 expression. In an autophagic flux assay designed
to measure changes in LC3-Ⅱ in the presence of BAF,
an inhibitor of late-phase autophagy that prevents
fusion between autophagosomes and lysosomes,
ezetimibe treatment increased the level of LC3-Ⅱ.
Taken together, these data indicate that ezetimibe
induces autophagy in PA-treated hepatocytes. Despite
important findings illustrating the involvement of
ezetimibe in autophagy formation and the improvement
of hepatic fat accumulation, our study has limitations;
gender bias, small sample size, and not to demonstrate
direct ezetimibe action to autophagy. Like most previous
other studies, the present study used only male animals
to demonstrate the influence of ezetimibe on liver
to prevent confounding factors such as reproductive
cycles and hormone fluctuations. To know exactly how
ezetimibe improves hepatic steatosis in women, further
studies with female animal model are necessary to
be executed. In addition, further investigation is also
needed to determine whether ezetimibe as autophagy
inducer is directly involved in the improvement of
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hepatic steatosis by using liver-specific targeted ATG
modification in animals with large sample number
and precise methods such as electron microscopy,
fluorescence microscopy, molecular assays, and use of
chemical modulators.
In conclusion, ezetimibe treatment attenuates
hepatic fat accumulation and improves hyperglycemia,
which is accompanied by an increase in autophagy flux.
To the best of our knowledge, this is the first study to
show that ezetimibe induces autophagy in the liver of
diabetic rats and PA-treated hepatocytes. Our findings
suggest a possible target of ezetimibe action and the
potential for the use of ezetimibe in the treatment of
hepatic steatosis.
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Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic
liver disease representing fat accumulation with hepatocytes. NAFLD is strongly
associated with other components of metabolic syndrome. Given the high
prevalence of NAFLD and its positive correlation with metabolic syndrome, it is
important to prevent fat accumulation in the liver. However, there is no satisfying
therapeutic strategy for NAFLD.

Research frontiers

Ezetimibe, a Niemann-Pick C1-Like 1 inhibitor has been used as an agent for
hypercholesterolemia. In addition to the favorable effects of ezetimibe on lipid
metabolism, numerous studies demonstrate that ezetimibe improves other
metabolic disorders such as hepatic steatosis and diabetes. However, the
mechanisms by which ezetimibe influences hepatic fat accumulation are still
unclear.
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and potential use of ezetimibe in the treatment of NAFLD.
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Autophagy is a cellular catabolic process by lysosome-dependent machinery,
which role is to maintain cellular energy homeostasis. Ezetimibe is a lipidlowering compound that selectively inhibits the intestinal cholesterol.
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METHODS: Overexpression of HMGB1 A-box in human

chanism of high mobility group box (HMGB)1 A-box in
lipopolysaccharide (LPS)-induced intestinal inflammation.

intestinal epithelial cell lines (SW480 cells) was achieved
using the plasmid pEGFP-N1. HMGB1 A-box-overexpressing
SW480 cells were stimulated with LPS and co-culturing
with human monocyte-like cell lines (THP-1 cells) using
a Transwell system, compared with another HMGB1
inhibitor ethyl pyruvate (EP). The mRNA and protein levels
of HMGB1/toll-like receptor (TLR) 4 signaling pathways
[including HMGB1, TLR4, myeloid differentiation factor88
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abnormal immune response plays a major role in the
[2]
pathogenesis of IBD .
Intestinal epithelial cell lines constitutively express
several members of a novel family of transmem
brane receptors designated toll-like receptors (TLRs)
that may serve as major links between the innate
and adaptive mucosal immune responses. Within
a susceptible individual, aberrant or dysfunctional
TLR signaling may impair commensal-mucosal
homeostasis, thereby contributing to the amplification
and perpetuation of tissue injury, consequently leading
[3]
to the chronic inflammation that occurs in IBD . TLR4
is the primary receptor needed for the promotion of
macrophage activation, cytokine release, and tissue
damage. The presence of this receptor may indicate
the anomalous regulation of innate immunity, and
it contributes to the production of proinflammatory
[4]
mediators and disease development . TLR4 mediates
the recognition of antigens in the intestinal lumen
as lipopolysaccharides (LPS) due to the activation
of NF-κB via myeloid differentiation factor (MYD)88,
thereby increasing the production of proinflammatory
cytokines, such as interleukin (IL)-1β, IL-6 and IL-8,
and the susceptibility to invasion by pathogens in
the lamina propria, perpetuating the inflammatory
[5]
process . Numerous reports have indicated that
TLR4 plays a pivotal role in IBD, but the underlying
mechanism remains to be elucidated.
Recent extensive studies have demonstrated
that high mobility group box (HMGB)1 is a novel
endogenous ligand for TLR4. HMGB1, which is an
evolutionarily highly conserved and abundant nuclear
protein, also functions within the cytoplasm and
as an extracellular damage-associated molecular
pattern (DAMP) molecule. Extracellular HMGB1 is the
prototypic endogenous “danger signal” that triggers
[6]
inflammation and immunity . This protein is either
actively secreted by monocytes/macrophages or
passively released from necrotic cells from any tissue.
It has recently been implicated in the pathogenesis
of IBD. In IBD patients and mice with colitis, HMGB1
is secreted by inflamed intestinal tissues, and it is
present at high levels in feces. The large quantities
of HMGB1 in the gastrointestinal tract mediate
[7]
inflammation and gastrointestinal barrier failure .
This protein is abundantly secreted by the inflamed
intestinal tissues of pediatric patients with IBD. Once
released, it behaves as a cytokine-like proinflammatory
molecule by upregulating other proinflammatory
[8]
mediators . HMGB1 also alters intestinal epithe
[9]
lial cell permeability . It has been implicated in
the pathogenesis of diseases in which excessive
inflammation plays a key role, such as IBD. Therefore,
the targeting of the HMGB1/TLR4 signaling pathways
may represent a novel approach for the treatment of
IBD. A growing number of HMGB1 inhibitors, including
neutralizing antibodies, endogenous hormones,
medicinal-herb-derived small molecules and ethyl
pyruvate (EP), have been developed. Studies have

(MYD88), Phosphorylated Nuclear Factor κB (pNF-κB)
p65] in the stimulated cells were determined by realtime polymerase chain reaction and Western blotting. The
levels of the proinflammatory mediators [including HMGB1,
interleukin (IL)-1β, IL-6 and tumor necrosis factor (TNF)-α]
in the supernatants of the stimulated cells were determined
by ELISA.

RESULTS: EP downregulated the mRNA and protein

levels of HMGB1, inhibited the TLR4 signaling pathways
(TLR4, MYD88 and pNF-κB p65) and reduced the secretion
of proinflammatory mediators (HMGB1, IL-1β, IL-6 and
TNF-α) in the SW480 and THP-1 cells activated by LPS
but not in the unstimulated cells. Activated by LPS, the
overexpression of HMGB1 A-box in the SW480 cells also
inhibited the HMGB1/TLR4 signaling pathways and reduced
the secretion of these proinflammatory mediators in the
THP-1 cells but not in the transfected and unstimulated
cells.

CONCLUSION: HMGB1 A-box, not only EP, can reduce
LPS-induced intestinal inflammation through inhibition of
the HMGB1/TLR4 signaling pathways.

Key words: High mobility group box 1; Toll-like receptor 4;
HMGB1 A-box; Ethyl pyruvate; Inflammatory bowel disease

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

Core tip: We have provided the first report that high
mobility group box (HMGB)1 A-box, not only ethyl py
ruvate, can specifically inhibit HMGB1/toll-like receptor 4
signaling pathways and reduce lipopolysaccharide-induced
intestinal inflammation. Our findings indicate the potential
of the HMGB1 A-box as a novel approach in the treatment
of inflammatory bowel disease.
Wang FC, Pei JX, Zhu J, Zhou NJ, Liu DS, Xiong HF, Liu
XQ, Lin DJ, Xie Y. Overexpression of HMGB1 A-box reduced
lipopolysaccharide-induced intestinal inflammation via
HMGB1/TLR4 signaling in vitro. World J Gastroenterol 2015;
21(25): 7764-7776 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7764.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7764

INTRODUCTION
Inflammatory bowel disease (IBD) comprises the
chronic relapsing inflammatory disorders Crohn’s
disease and ulcerative colitis. IBD is thought to result
from an inappropriate and continuing inflammatory
response to commensal microbes in a genetically
[1]
susceptible host . Although the etiologies of IBD
remain unclear, available evidence suggests that an
abnormal immune response to microorganisms of
the intestinal flora is responsible for the disease in
genetically susceptible individuals. Therefore, this
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Transwell experiments

shown that the neutralization of HMGB1 activity by
the administration of anti-HMGB1 antibodies or EP
attenuates colon injury, reduces weight loss, and
[7]
improves colon scores in animal models of colitis .
Interestingly, recent studies have shown that HMGB1
A-box alone, as a natural antagonist of HMGB1, can
competitively inhibit the binding of HMGB1 to its
receptors and attenuate the proinflammatory effect
of the full-length HMGB1 and the B-box peptide. The
A-box is thus considered to be a specific blockade
[10,11]
for endogenous HMGB1
. However, it is unknown
whether the A-box can be used to treat IBD.
To investigate the effects of two HMGB1 inhibitors
(HMGB1 A-box and EP) in IBD in vitro, we assumed that
the targeting of the HMGB1/TLR4 signaling pathways
would reveal whether the HMGB1 A-box represents a
novel approach to the treatment of IBD. Therefore, in
this study, we constructed human intestinal epithelial
cell lines (SW480 cells) overexpressing HMGB1 A-box
using gene transfection technology, and observed
changes in the HMGB1/TLR4 signaling pathways
in human monocyte-like cell lines (THP-1 cells) cocultured with SW480 cells overexpressing HMGB1
A-box that were activated by LPS. We also investigated
the effects of the specific inhibition of HMGB1 A-box
on the HMGB1/TLR4 signaling pathways compared
with those of EP. We aimed to provide theoretical and
experimental evidence of HMGB1 A-box as a potential
therapeutic target for IBD.

A Transwell system was used to prevent direct contact
between SW480 cells and THP-1 cells. Our Transwell
culture plates (Corning, Corning, NY, United States)
had six wells composed of upper and lower chambers
separated by polycarbonate membrane with a pore
diameter of 0.4 mm. SW480 cells were prepared in the
lower chamber and pretreated with EP (Sigma-Aldrich)
for 1 h before LPS stimulation. THP-1 cells were loaded
into the upper chamber.

Real-time polymerase chain reaction

Total RNA was extracted from the cells using TRIzol
reagent (Tiangen, Beijing, China). The obtained total
RNA (500 ng to 1 μg) was reverse transcribed following
the removal of genomic DNA using a PrimeScrip
RT Reagent Kit with gDNA Eraser (Takara, Dalian,
China). Quantitative polymerase chain reaction (qPCR)
amplification was performed using a thermal cycler
(BioRad, Richmond, VA, United States) with SYBR
Premix Ex Ta (Tli RNase H Plus). A total of 2 μL of
cDNA was amplified. Relative expression levels were
-ΔΔCt
calculated and analyzed by the 2
equation. The
primer sequences used were as follows:
HMGB1 A-box forward: 5’-acccagatgcttcagtca
actt-3’, reverse: 5’-ctctttcataacgggccttgt-3’;
HMGB1 forward: 5’-GGAGATCCTAAGAAGCCGAGA-3’,
reverse: 5’-CATGGTCTTCCACCTCTCTGA-3’; TLR4
forward: 5’-aggactgggtaaggaatgagc-3’,
reverse: 5’-atcacctttcggcttttatgg-3’; MYD88
forward: 5’-AAGAAAGAGTTCCCCAGCATC-3’, reverse:
5’-GCGAGTCCAGAACCAAGATTT-3’; and β-actin
forward: 5’-TGACGTGGACATCCGCAAAG-3’, reverse:
5’-TGACGTGGACATCCGCAAAG-3’.

MATERIALS AND METHODS
Cell lines and reagents

The human intestinal epithelial cell line SW480 (ATCC
NO.CCL-228) and human acute monocytic leukemia
cell line THP-1 (ATCC NO.TIB-202) were obtained from
the Gastroenterology Institute of Jiangxi Province. The
cells were maintained in RPMI-1640 medium (HyClone,
Logan, UT, United States) supplemented with 10%
(v/v) fetal bovine serum (FBS) (HyClone) at 37 ℃
and incubated in a humidified 5% (v/v) CO2 incubator.
Lipopolysaccharide (LPS) from Escherichia coli was
used for the stimulation of the SW480 cells. SW480
cells were pretreated with EP (Sigma-Aldrich, St. Louis,
MO, United States) for 1 h before LPS stimulation.

Western blot analysis

Cells were subjected to cell lysis, and the total
[8]
protein was extracted as previously described .
Protein concentrations were measured using the BCA
protein assay (Generay, Shanghai, China). Lysates
were separated using SDS-PAGE and transferred to
a nitrocellulose membrane. The membranes were
incubated with a rabbit anti-HMGB1 antibody (ab18256,
1:1000; Abcam, Cambridge, MA, United States),
mouse anti-TLR4 antibody (ab22048, 1:1000; Abcam),
rabbit anti-MYD88 antibody (HFL-296) (Santa Cruz
Biotechnology, Santa Cruz, CA, United States), rabbit
anti-phospho-NF-κB p65 antibody (Cell Signaling
Technology, Beverly, MA, United States) and rabbit
anti-β-actin antibody (ab1801, 1:1000; Abcam).
Goat anti-rabbit IgG-horseradish peroxidase (HRP) or
donkey anti-mouse IgG-HRP (both 1:2000) served
as secondary antibodies. Immunoreactive proteins
were visualized, and band intensity was quantified
using a ChemiDo MP System with Image La Software
(BioRad, Richmond, VA, United States). The data were
normalized to the β-actin levels.

Cell transfection

Overexpression of the truncated intracellular form
of HMGB1 A-box in SW480 cells was achieved using
the plasmid pEGFP-N1 (Generay, Shanghai, China).
To eliminate endotoxin contamination, all plasmids
were prepared using an Endo-free Plasmid Mini Kit
II (Omega, San Carlos, CA, United States). Transient
transfection was performed with FuGENE 6 Transfection
Reagent (Promega, Sunnyvale, CA, United States).
Overexpression of HMGB1 A-box was confirmed with
dual-endonuclease digestion and sequencing.
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Figure 1 Restriction analysis of pEGFP-N1- high mobility group box 1 protein
A-box. Lane M: marker; lane 1: pEGFP-N1- high mobility group box 1 protein
(HMGB1) A-box digested by XhoI + BamHI; lane 2: pEGFP-N1-HMGB1 A-box
digested by XhoI; and lane 3: pEGFP-N1-HMGB1 A-box digested by BamHI.

Control

Mock

pA-box

Figure 3 Expression of HMGB1 protein pA-box mRNA in transfected
SW480 cells. After SW480 cells were transfected for 48 h, HMGB1 pAbox mRNA levels were determined by real-time PCR. The expression of
HMGB1 A-box mRNA in the pA-box-transfection SW480 cells was significantly
upregulated compared with the control and mock-transfection groups. The
data are expressed as the mean ± SD and are derived from three independent
experiments, which were each performed in duplicate. The means with
asterisks above them are significantly different (bP < 0.01 vs control).

A

analyzed as indicated in the figure legends using
GraphPad Prism version 5.0. Differences between any
two groups were determined by the t test. Differences
among multiple groups were determined by oneway ANOVA. P < 0.05 was considered statistically
significant.

100 ×

RESULTS

B

Construction of HMGB1 A-box-overexpressing
eukaryotic plasmid cell lines and HMGB1 A-box
identification

To construct the HMGB1 A-box recombinant ex
pression plasmid and identify HMGB1 A-box, the
pEGFP-N1-HMGB1 A-box recombinant plasmid was
digested with XhoI and BamHI. After 2% agarose
gel electrophoresis, the fragments in the agarose gel
resulting from the enzymatic digestion were obser
ved. Restriction analysis of pEGFP-N1-HMGB1 A-box
is shown in Figure 1. The HMGB1 A-box fragment
was 256 bp, consistent with the expected size. The
inserted HMGB1 A-box fragments were consistent with
published data (Gen-Bank Accession: NM_002128.4).
To evaluate the expression of the HMGB1 A-box
recombinant eukaryotic plasmid in SW480 cells,
these cells were assessed by fluorescence microscopy
(Olympus IX71, Tokyo, Japan). Those transfected with
the HMGB1 A-box recombinant plasmid fluoresced
green, and photographs were obtained using a digital
camera. Green fluorescence of the transfected cells
was observed at 48 h after transfection (Figure 2).
The expression of HMGB1 A-box mRNA in the pAbox-transfected SW480 cells was higher than that in
b
the control and mock-transfection groups ( P < 0.01)
(Figure 3). These results suggested that the SW480
cells were successfully transfected.

100 ×

Figure 2 SW480 cells at 48 h after transfection (magnification × 100). A:
Bright-field images of cells (after 48 h); B: Green fluorescence of transfected
cells (after 48 h).

ELISA for measuring IL-1β , IL-6, TNF-α and HMGB1

The concentrations of IL-1β, IL-6, TNF-α and HMGB1
in the cell culture supernatants from the SW480 cells
alone or those co-cultured with THP-1 were determined
by ELISA using a commercial human multiplex kit (IL1β, IL-6 and TNF-α) (Aushon Biosystems, Wuxi, China)
or human HMGB1 kit (Uscn Life Science, Wuhan,
China).

Statistical analysis

The data are expressed as the mean ± SD of three
independent experiments. The data were statistically
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Effects of overexpression of HMGB1 A-box and EP on
HMGB1 and TLR4/LPS signaling pathways and secretion
of cytokines in SW480 cells

among the groups without LPS treatment (P >
0.05). In the LPS treatment groups, the HMGB1/
TLR4/MYD88/pNF-κB p65 mRNA and protein levels
in the EP group and pA-box-transfection group were
significantly lower than those in the control group and
a
b
mock-transfection group ( P < 0.05, P < 0.01). All LPS
treatment groups except the EP group and pA-boxtransfection group were significantly higher than the
a
corresponding groups without LPS treatment ( P < 0.05,
b
P < 0.01).
Following co-culturing with SW480 cells, the
cytokine levels of HMGB1, IL-1β, TNF-α and IL-6 in
the supernatants of the THP-1 cells were determined
by ELISA (Figure 7A-D). There were no significant
differences in the levels of HMGB1, IL-1β, TNF-α and
IL-6 among the groups without LPS treatment (P
> 0.05). In the LPS treatment groups, the levels of
HMGB1, IL-1β, TNF-α and IL-6 in the EP and pA-boxtransfection groups were significantly lower than those
a
in the control and mock-transfection groups ( P < 0.05,
b
P < 0.01). All LPS treatment groups except the EP
and pA-box-transfection groups showed significantly
higher levels of these mRNAs and proteins compared
with the corresponding groups without LPS treatment
a
b
( P < 0.05, P < 0.01).

To elucidate the roles of HMGB1 and TLR4 in intestinal
epithelial cells activated by LPS, we observed the
effects of HMGB1 inhibitors (HMGB1 A-box and EP) on
the HMGB1 and TLR4 signaling pathways in stimulated
SW480 cells.
The HMGB1, TLR4, MYD88, pNF-κB p65 mRNA
and protein levels in stimulated SW480 cells were
determined by real-time PCR and western blotting
(Figure 4A-H). There were no significant differences
in the HMGB1/TLR4/MYD88/pNF-κB p65 mRNA and
protein levels among the groups without the LPS
treatment (P > 0.05). In the LPS-treated groups,
HMGB1/TLR4/MYD88/pNF-κB p65 mRNA and protein
levels in the EP group were significantly lower than
those in the control group, mock-transfection group
a
b
and pA-box-transfection group ( P < 0.05 and P
< 0.01), but there were no significant differences
detected among the control group, mock-transfection
group and pA-box-transfection group (P > 0.05). All
LPS treatment groups except the EP group showed
significantly higher levels of these mRNAs and proteins
compared with the corresponding groups without LPS
a
b
treatment ( P < 0.05, P < 0.01).
The cytokine levels of HMGB1, IL-1β, IL-6 and
TNF-α in the supernatants of stimulated SW480 cells
were determined by ELISA (Figure 5A-D). There were
no significant differences in the levels of HMGB1, IL1β, IL-6 and TNF-α among the groups without LPS
treatment (P > 0.05). In the LPS treatment groups,
the levels of HMGB1, IL-1β, IL-6 and TNF-α in the
EP group were significantly lower than those in the
control group, mock-transfection group and pAa
b
box-transfection group ( P < 0.05, P < 0.01), but
there were no significant differences among the
control group, mock-transfection group and pA-boxtransfection group (P > 0.05). All LPS treatment
groups except the EP group showed significantly
higher levels of these mRNAs and proteins than the
a
corresponding groups without the LPS treatment ( P <
b
0.05, P < 0.01).

DISCUSSION
The intestinal microbiota and gut immune system
must communicate to maintain a balance between
tolerance and activation. Although the immune
system provides protection against pathogenic
microbes, the human body is a host to trillions of
microbes, symbionts, and mutualists; some of which
[12]
are essential to human health . The maintenance
of immune tolerance and the inflammatory response
depend on interactions between symbiotic bacteria,
[13]
intestinal mucosa epithelial cells and immune cells . If
any of these components are disturbed, inflammation
imbalances can occur that develop into inflammatory
disease. TLRs can recognize some intrinsic molecules
that are present in bacteria, viruses, epithelial cells and
immune cells and play significant roles in maintaining
symbiotic bacterial resistance and inducing the anti[14]
inflammatory response to pathogens . In IBD, the
intestinal mucosa becomes intolerant of symbiotic
bacteria and their products, leading to the excessive
activation of the TLR signaling pathways, triggering an
intracellular signaling cascade, producing chemokines,
launching and controlling key transcription factors,
and triggering and amplifying the inflammatory
[15]
reaction . TLR4 signaling pathways are activated by
the recruitment of MYD88, resulting in the activation
of phosphorylated IL-1-related kinases and tumor
necrosis factor-associated receptor factor 6, further
activating NF-κB transcription factors and releasing a
[3,16]
series of inflammatory factors, such as interferon-γ
.
LPS is an outer membrane glycolipid of Gram-negative

Effects of overexpression of HMGB1 A-box and EP on
HMGB1 and TLR4/LPS signaling pathways and cytokine
secretion in THP-1 cells

To further elucidate the roles of HMGB1 and TLR4
in IBD, we observed the effects of HMGB1 inhibitors
(HMGB1 A-box and EP) on the HMGB1 and TLR4
signaling pathways in THP-1 cells co-cultured with
SW480 cells.
Following co-culturing with SW480 cells, the
HMGB1, TLR4, MYD88, and pNF-κB p65 mRNA and
protein levels in the THP-1 cells were determined by
real-time PCR and western blotting (Figure 6A-H).
There were no significant differences in the HMGB1/
TLR4/MYD88/pNF-κB p65 mRNA and protein levels
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Figure 4 Expression of the HMGB1 protein and toll-like receptor 4 signaling pathways in lipopolysaccharide-stimulated SW480 cells. After pretreatment
with EP (5 mmol/L, 1 h), the SW480 cells were treated with LPS (1 µg/mL, 24 h). The HMGB1 protein, TLR4, MYD88, and pNF-κB p65 mRNA and protein levels
were determined by real-time PCR (A, C, E), densitometric quantification and representative western blotting with β-actin as the loading control (B, D, F, G, H). LPS
increased the HMGB1, TLR4, MYD88, and pNF-κB p65 mRNA and protein levels in the LPS-stimulated SW480 cells compared with the LPS-untreated group, but EP
downregulated these mRNA and protein levels in the LPS-stimulated SW480 cells. By contrast, HMGB1 A-box failed to downregulate the HMGB1, TLR4, MYD88, and
pNF-κB p65 mRNA and protein levels compared with the mock-transfection group. The data are expressed as the mean ± SD and are derived from three independent
experiments, which were each performed in duplicate. The means with letters above them are significantly different (aP < 0.05, bP < 0.01 vs control).

bacteria and a major ligand for TLR4. When there is
an imbalance in intestinal mucosal immune responses
in IBD, the LPS-induced excessive activation of TLR4
in the bowel mucosa triggers inflammation. In this
study, after treating the SW480 and THP-1 cells for 24
h, LPS was able to upregulate the expression of TLR4
and the downstream molecules MYD88 and pNF-κB
p65 and promote the secretion of proinflammatory
cytokines, such as IL-1β, IL-6 and TNF-α, in cell
culture supernatants. These findings suggest that
LPS can produce proinflammatory factors and cause
inflammation by activating the intracellular MYD88dependent TLR4 signaling pathway.
HMGB1 is ubiquitously present in the nuclei of all
mammalian cells, where it displays dual functions.
Under normal conditions, HMGB1 binds to DNA and
bends it to facilitate gene transcription. Under stress
conditions, such as injury or infection, it is released
and promotes inflammation, taking part in the path
ogeneses of a variety of inflammatory diseases. During
inflammatory reactions, the activation of monocytes/
macrophages is the main source of HMGB1. When
the production of exogenous bacterial endotoxins
(e.g., LPS) or endogenous inflammatory cytokines is
stimulated, HMGB1, which is mainly concentrated in
the nucleus, is released from activated monocytes/
macrophages in a time- and dose-dependent
manner. This study found that LPS treatment not only
upregulated HMGB1 expression and the secretion
of human mononuclear cell THP-1, but also timeand dose-dependently increased HMGB1 expression
and the secretion of intestinal epithelial SW480 cells.
These findings showed that intestinal epithelial cells
could also secrete HMGB1 following exposure to an
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exogenous stimulus. It has been established that the
excessive activation of the TLR signaling pathways in
intestinal epithelial cells and inflammatory cells play
an important role in the pathogenesis of IBD. LPS
within the lumen is a major cause of the excessive
activation of the TLR signaling pathways. This study
showed that LPS not only activated these pathways,
but also promoted the expression and release of
HMGB1. HMGB1, which is an important DAMP, can
bind to TLR4 and reactivate the TLR4 signaling
pathways. Thus, HMGB1 is not only an endogenous
ligand for TLR4, but also an amplifier of TLR-mediated
[17]
inflammatory responses . This function may be
important for the persistent inflammation reaction that
occurs in IBD. HMGB1 release is a dynamic process,
involving exit from the nucleus into the cytoplasm,
translocation from the cytosol into cytoplasmic orga
[18]
nelles, and exocytosis . In this study, after 24 h of
LPS treatment, HMGB1 expression in the THP-1 and
SW480 cells and HMGB1 secretion in the supernatants
were markedly increased over time. In contrast with
other proinflammatory cytokines, HMGB1 production
and release continuously increased over 24 h, which
may be related to the circulation cycles of the LPS/
TLR4/HMGB1 signaling pathways.
EP, which is a stable fatty ester, is derived from
the endogenous metabolite pyruvic acid. The phar
macological effects of EP include the downregulation
of proinflammatory factors, the improvement of
redox reaction-mediated cell and tissue damage, and
the inhibition of apoptosis. EP protects inflammatory
tissues from damage, such as fatal sepsis, systemic
inflammation, uncontrolled hemorrhagic shock, and
[19-21]
stroke
. Studies of various types of in vivo and in
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Figure 5 Levels of the inflammatory mediators HMGB1 protein, IL-1β, IL-6 and TNF-α in the SW480 cell supernatant. After pretreatment with EP (5 mmol/L, 1
h), the SW480 cells were treated with LPS (1 μg/mL, 24 h). The levels of the inflammatory mediators HMGB1, IL-1β, IL-6 and TNF-α in the supernatant of the SW480
cells were detected by ELISA (A-D). Compared with the LPS-untreated group, LPS increased the levels of HMGB1, IL-1β, IL-6 and TNF-α in the LPS-stimulated
SW480 cells, but EP downregulated the levels of HMGB1, IL-1β, IL-6 and TNF-α in the SW480 cells activated by LPS. By contrast, HMGB1 A-box failed to decrease
the secretion of HMGB1, IL-1β, IL-6 and TNF-α compared with the mock-transfection group. The data are expressed as the mean ± SD and are derived from three
independent experiments, which were each performed in duplicate. The means with letters above them are significantly different (aP < 0.05, bP < 0.01 vs control).

vitro models have proven that EP can downregulate
the activation of the proinflammatory transcription
factors NF-κB and reduce the expression of all types of
[22,23]
proinflammatory factors
. In recent years, studies
have shown that EP is an effective inhibitor of HMGB1
release.
Our data revealed that EP inhibited the secretion
and release of HMGB1 and the activation of the LPS/
TLR4 signaling pathways as well as the release of
inflammatory cytokines in the SW480 and THP-1 cells.
Studies have found that in the traumatic brain injury
(TBI) model, EP can inhibit the expression of HMGB1,
TLR4, and NF-κB and the secretion of proinflammatory
cytokines, such as IL-1β, IL-6 and TNF-α, in brain
tissue following TBI, showing that EP can inhibit the
[24]
HMGB1/TLR4/NF-κB signaling pathways . It can
effectively inhibit inducible nitric oxide synthase (iNOS)

WJG|www.wjgnet.com

expression and HMGB1 release in RAW264.7 cells
[25]
following LPS stimulation . EP also regulates HMGB1
release from macrophages following LPS stimulation
by inhibiting the NF-κB and (or) p38 mitogen[26]
activated protein kinase (MAPK) pathways . In this
study, in addition to its inhibition of the LPS-activated
HMGB1/TLR4 signaling pathways, there may be other
mechanisms by which EP inhibited the release of
proinflammatory cytokines. Moreover, the group not
receiving LPS treatment in this study exhibited a lack
of effect of EP on HMGB1 expression and secretion, the
activation of the HMGB1/TLR4 signaling pathways and
the release of proinflammatory cytokines in the SW480
and THP-1 cells. These findings suggest that EP was
inhibitory only under pathological and not physiological
conditions.
The structure of HMGB1 is subdivided into two
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Figure 6 Expression of the HMGB1 protein and TLR4 signaling pathways in THP-1 cells co-cultured with SW480 cells. After pretreatment with EP (5 mmol/
L, 1 h), the SW480 cells were treated with 1 μg/mL LPS and co-cultured with THP-1 cells for 24 h. The HMGB1, TLR4, MYD88, pNF-κB p65 mRNA and protein
levels were determined by real-time PCR (A, C, E), densitometric quantification and representative western blots, with β-actin as the loading control (B, D, F, G, H).
Compared with the LPS-untreated group, LPS increased HMGB1, TLR4, MYD88, pNF-κB p65 mRNA and protein levels in the THP-1 cells, but EP downregulated
these levels. Similarly, HMGB1 A-box also downregulated HMGB1, TLR4, MYD88, pNF-κB p65 mRNA and protein levels compared with the mock-transfected group.
The data are expressed as the mean ± SD and are derived from three independent experiments, which were each performed in duplicate. The means with letters
above them are significantly different (aP < 0.05, bP < 0.01 vs control).

above-mentioned molecules on HMGB1 A-boxoverexpressing SW480 cells co-cultured with THP-1
cells. Following the LPS treatment of the THP-1
cells, we found that the expression and secretion of
HMGB1, the expression of TLR4 and the downstream
molecules MYD88 and pNF-κB p65, and the secretion
of proinflammatory cytokines, such as IL-1β, IL-6 and
TNF-α, in the cell culture supernatants of the pA-boxtransfection group were significantly lower compared
with the control and mock-transfection groups.
In addition, there were no significant differences
compared with the corresponding LPS-untreated
group in the THP-1 cells. These findings suggest
that HMGB1 A-box-overexpressing SW480 cells can
inhibit the secretion and release of HMGB1 and the
activation of the HMGB1/TLR4 signaling pathways by
LPS after co-culturing with THP-1 cells. Therefore,
we hypothesize that HMGB1 A-box-overexpressing
SW480 cells do not possess an autocrine function
that suppresses the activation of their own HMGB1/
TLR4 signaling pathways following LPS exposure, but
they may have a paracrine function that inhibits the
activation of the LPS/TLR4 signaling pathways and
the proinflammatory activities of HMGB1 in THP-1
cells. This study also found that in the absence of
LPS, HMGB1 A-box-overexpressing SW480 cells do
not show alterations in the expression or secretion
of HMGB1 or activation of the LPS/TLR4 signaling
pathways after co-culturing with THP-1 cells. These
results indicate that HMGB1 A-box antagonized
HMGB1-induced inflammation only under pathological
and not physiological conditions. Therefore, HMGB1
A-box may represent a new therapeutic target for the

homologous HMG boxes, the A-box and B-box. As
described previously, the truncation of HMGB1 into
individual structural domains has revealed that the
B box induces strong proinflammatory activities.
Inversely, the A-box may act as an antagonist of
[27]
HMGB1 . The A-box protein dose-dependently
inhibits HMGB1-induced TNF and IL-1β release in
[28]
macrophage cultures and is stimulated by HMGB1 .
It is possible that these anti-inflammatory effects
[29]
occur due to competition with receptors for HMGB1 .
Animal experiments have shown that after the
recombinant HMGB1 A-box protein is administered
by intraperitoneal injection, a significant decrease
in mortality occurs and the abnormal release of
inflammatory cytokines is blocked compared with a
[30]
control group . After recombinant A-box protein is
injected into mice with collagen-induced arthritis, its
systemic administration significantly reduces the mean
arthritis score, disease-induced weight loss, and the
[31,32]
histological severity of arthritis
. Therefore, the
A-box is considered a natural antagonist of HMGB1.
Studies have reported that HMGB1 and the LPS/TLR4
signaling pathways have important associations
[9,33,34]
with the pathogenesis of IBD
and that positive
[35,36]
regulation may occur between them
. However,
there are no reports of an influence of HMGB1 A-box
overexpression on HMGB1 and the LPS/TLR4 signaling
pathways.
Our data revealed that the overexpression of
HMGB1 A-box had no effect on the HMGB1 or LPS/TLR4
signaling pathways in the SW480 cells themselves.
However, using a Transwell co-culturing system,
we further observed the effects of changes in the
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Figure 7 Levels of the inflammatory mediators high mobility group box 1 protein, IL-1β, IL-6 and TNF-α in the supernatant of the THP-1 cells co-cultured
with SW480 cells. After pretreatment with EP (5 mmol/L, 1 h), the SW480 cells were treated with 1 μg/mL LPS and co-cultured with THP-1 cells for 24 h. The levels
of the inflammatory mediators HMGB1, IL-1β, IL-6 and TNF-α in the supernatant of the THP-1 cells co-cultured with SW480 cells were detected by ELISA (A-D).
Compared with the LPS-untreated group, LPS increased the levels of HMGB1, IL-1β, IL-6 and TNF-α in the THP-1 cells, but EP downregulated these levels. Similarly,
HMGB1 A-box also decreased the secretion of HMGB1, IL-1β, IL-6 and TNF-α in the THP-1 cells compared with the mock-transfection group. The data are expressed
as the mean ± SD and are derived from three independent experiments, which were each performed in duplicate. The means with letters above them are significantly
different (aP < 0.05, bP < 0.01 vs control).

treatment of IBD.
In conclusion, in the co-culture system of SW480
and THP-1 cells, LPS can not only activate HMGB1/
TLR4 signaling pathways, but also promote the
secretion of proinflammatory cytokines. EP, which is
a potent inhibitor of HMGB1 release, can inhibit the
HMGB1/TLR4 signaling pathways and the secretion of
proinflammatory cytokines activated by LPS, but its
mechanism remains unclear. Unlike EP, HMGB1 A-box,
as a specific antagonist of HMGB1, can specifically
inhibit the HMGB1/TLR4 signaling pathways and the
secretion of LPS-activated proinflammatory cytokines.
Taken together, HMGB1 A-box may represent a novel
therapeutic HMGB1-targeting agent for IBD treatment.
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Background

Inflammatory bowel disease (IBD) is thought to result from an inappropriate
and continuing inflammatory response to commensal microbes in a genetically
susceptible host. Although numerous reports have indicated that high mobility
group box (HMGB)1/toll-like receptor (TLR)4 signaling pathways play a
important role in IBD, but the possible regulatory mechanism remains to be
elucidated yet.

Research frontiers

The authors aimed to investigate the effects of two HMGB1 inhibitors (HMGB1
A-box and ethyl pyruvate) on the HMGB1/TLR-4 signaling pathway and the
secretion of some proinflammatory cytokines in SW480 and THP-1 cells after
activation by lipopolysaccharides (LPS).

Innovations and breakthroughs

The authors have managed to describe theoretical and experimental evidence
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of HMGB1 A-box as a potential inhibitor of HMGB1/TLR-4 signaling pathways
convincingly.

9

Applications

The authors hypothesize that HMGB1 A-box, as a natural antagonist of
HMGB1, can competitively inhibit the binding of HMGB1 to its receptors and
attenuate the proinflammatory effect. The authors have managed to describe
theoretical and experimental evidence of HMGB1 A-box as a potential inhibitor
of HMGB1/TLR-4 signaling pathways convincingly. Therefore it could be a
possible therapeutic strategy for some patients with IBD.

10

Terminology

11

HMGB1 is a non-histone nuclear protein that, depending on its location and
post-translational modifications, has several functions. HMGB1 is ubiquitously
expressed in nuclei, where it binds and stabilizes DNA. HMGB1 can be
translocated from the nucleus to the cytoplasm and extracellular space. When
released, it has been shown to act as a damage-associated molecular pattern
(DAMP). HMGB1 is subdivided into A-box and B-box. A-box is the most used
antagonist of HMGB1, which competes with receptors for binding with HMGB1.

12
13

Peer-review

The purpose of the paper to investigate the effects of two HMGB1 inhibitors
(HMGB1 A-box and ethyl pyruvate) on the HMGB1/TLR4 signaling pathway
and the secretion of some proinflammatory cytokines in SW480 and THP-1
cells after activation by LPS, is well established and consecutively unfolded.
The hypothesis of the potential role of the HMGB1 A-box as a novel approach
to the treatment of IBD is presented in an interesting manner. They have
determined HMGB1, TLR4 and its downstream signaling molecules MyD88 and
NF-κB p65 protein and mRNA levels by RT-PCR, densitometry and Western
blot, and also studied the cytokine levels in the culture supernatants. The
authors conclude that HMGB1 A-box and ethyl pyruvate both inhibit HMGB1/
TLR4 and downstream signaling molecules MyD88 as well as NF-κB p65
and the secretion of several important pro-inflammatory cytokines induced by
LPS stimulation. In general, this study is methodologically well performed, the
paper well written and has a clear message. The authors have used intestinal
epithelial cell line to study the potential effect of above-mentioned compounds
and to clarify some pathogenetic molecular mechanisms in IBD. Therefore, the
objective of this study is relevant.

14
15

16
17
18

19

REFERENCES
1
2

3
4

5

6
7

8

Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis of
inflammatory bowel disease. Nature 2011; 474: 307-317 [PMID:
21677747 DOI: 10.1038/nature10209]
Geremia A, Biancheri P, Allan P, Corazza GR, Di Sabatino A.
Innate and adaptive immunity in inflammatory bowel disease.
Autoimmun Rev 2014; 13: 3-10 [PMID: 23774107 DOI: 10.1016/
j.autrev.2013.06.004]
Cario E. Toll-like receptors in inflammatory bowel diseases: a
decade later. Inflamm Bowel Dis 2010; 16: 1583-1597 [PMID:
20803699 DOI: 10.1002/ibd.21282]
Leal RF, Milanski M, Ayrizono Mde L, Coope A, Rodrigues VS,
Portovedo M, Oliveira LM, Fagundes JJ, Coy CS, Velloso LA. Tolllike receptor 4, F4/80 and pro-inflammatory cytokines in intestinal
and mesenteric fat tissue of Crohn’s disease. Int J Clin Exp Med
2013; 6: 98-104 [PMID: 23386912]
Watanabe T, Higuchi K, Kobata A, Nishio H, Tanigawa T, Shiba
M, Tominaga K, Fujiwara Y, Oshitani N, Asahara T, Nomoto K,
Takeuchi K, Arakawa T. Non-steroidal anti-inflammatory druginduced small intestinal damage is Toll-like receptor 4 dependent.
Gut 2008; 57: 181-187 [PMID: 17639086]
Andersson U, Erlandsson-Harris H, Yang H, Tracey KJ. HMGB1 as
a DNA-binding cytokine. J Leukoc Biol 2002; 72: 1084-1091 [PMID:
12488489]
Ju Z, Chavan SS, Antoine DJ, Dancho M, Tsaava T, Li J, Lu
B, Levine YA, Stiegler A, Tamari Y, Al-Abed Y, Roth J, Tracey
KJ, Yang H. Sequestering HMGB1 via DNA-conjugated beads
ameliorates murine colitis. PLoS One 2014; 9: e103992 [PMID:
25127031 DOI: 10.1371/journal.pone.0103992]
Vitali R, Palone F, Cucchiara S, Negroni A, Cavone L, Costanzo M,
Aloi M, Dilillo A, Stronati L. Dipotassium Glycyrrhizate Inhibits
HMGB1-Dependent Inflammation and Ameliorates Colitis in Mice.

WJG|www.wjgnet.com

20

21

22

23
24

25

26

7775

PLoS One 2013; 8: e66527 [PMID: 23840500]
Davé SH, Tilstra JS, Matsuoka K, Li F, DeMarco RA, Beer-Stolz
D, Sepulveda AR, Fink MP, Lotze MT, Plevy SE. Ethyl pyruvate
decreases HMGB1 release and ameliorates murine colitis. J
Leukoc Biol 2009; 86: 633-643 [PMID: 19454652 DOI: 10.1189/
jlb.1008662]
Gong W, Zheng Y, Chao F, Li Y, Xu Z, Huang G, Gao X, Li S, He F.
The anti-inflammatory activity of HMGB1 A box is enhanced when
fused with C-terminal acidic tail. J Biomed Biotechnol 2010; 2010:
915234 [PMID: 20379370 DOI: 10.1155/2010/915234]
Gong Q, Xu JF, Yin H, Liu SF, Duan LH, Bian ZL. Protective effect
of antagonist of high-mobility group box 1 on lipopolysaccharideinduced acute lung injury in mice. Scand J Immunol 2009; 69: 29-35
[PMID: 19140874 DOI: 10.1111/j.1365-3083.2008.02194.x]
Yamamoto ML, Schiestl RH. Intestinal microbiome and lymphoma
development. Cancer J 2014; 20: 190-194 [PMID: 24855006 DOI:
10.1097/PPO.0000000000000047]
Xiang YT, Mei L. Research progress in pathogenesis of IBD: the
role of gut flora. Sheng Li Ke Xue Jin Zhan 2013; 44: 247-252 [PMID:
24228514]
Saito K, Katakura K, Suzuki R, Suzuki T, Ohira H. Modulating Tolllike receptor 4 signaling pathway protects mice from experimental
colitis. Fukushima J Med Sci 2013; 59: 81-88 [PMID: 24500383]
Chen L, Lin MJ, Zhan LL, Lv XP. Analysis of TLR4 and TLR2
polymorphisms in inflammatory bowel disease in a Guangxi Zhuang
population. World J Gastroenterol 2012; 18: 6856-6860 [PMID:
23239925 DOI: 10.3748/wjg.v18.i46.6856]
Fukata M, Arditi M. The role of pattern recognition receptors in
intestinal inflammation. Mucosal Immunol 2013; 6: 451-463 [PMID:
23515136 DOI: 10.1038/mi.2013.13]
Li G, Liang X, Lotze MT. HMGB1: The Central Cytokine for All
Lymphoid Cells. Front Immunol 2013; 4: 68 [PMID: 23519706
DOI: 10.3389/fimmu.2013.00068]
Gardella S, Andrei C, Ferrera D, Lotti LV, Torrisi MR, Bianchi ME,
Rubartelli A. The nuclear protein HMGB1 is secreted by monocytes
via a non-classical, vesicle-mediated secretory pathway. EMBO Rep
2002; 3: 995-1001 [PMID: 12231511]
Wang LK, Wang LW, Li X, Han XQ, Gong ZJ. Ethyl pyruvate
prevents inflammatory factors release and decreases intestinal
permeability in rats with D-galactosamine-induced acute liver
failure. Hepatobiliary Pancreat Dis Int 2013; 12: 180-188 [PMID:
23558073]
Entezari M, Javdan M, Antoine DJ, Morrow DM, Sitapara RA,
Patel V, Wang M, Sharma L, Gorasiya S, Zur M, Wu W, Li J,
Yang H, Ashby CR, Thomas D, Wang H, Mantell LL. Inhibition of
extracellular HMGB1 attenuates hyperoxia-induced inflammatory
acute lung injury. Redox Biol 2014; 2: 314-322 [PMID: 24563849
DOI: 10.1016/j.redox.2014.01.013]
Tang J, Deng P, Jiang Y, Tang Y, Chen B, Su L, Liu Z. Role of
HMGB1 in propofol protection of rat intestinal epithelial cells
injured by heat shock. Cell Biol Int 2013; 37: 262-266 [PMID:
23364923 DOI: 10.1002/cbin.10040]
Wu CX, Sun H, Liu Q, Guo H, Gong JP. LPS induces HMGB1
relocation and release by activating the NF-κB-CBP signal
transduction pathway in the murine macrophage-like cell line
RAW264.7. J Surg Res 2012; 175: 88-100 [PMID: 21571302 DOI:
10.1016/j.jss.2011.02.026]
Huang W, Tang Y, Li L. HMGB1, a potent proinflammatory
cytokine in sepsis. Cytokine 2010; 51: 119-126 [PMID: 20347329
DOI: 10.1016/j.cyto.2010.02.021]
Su X, Wang H, Zhao J, Pan H, Mao L. Beneficial effects of ethyl
pyruvate through inhibiting high-mobility group box 1 expression
and TLR4/NF-κB pathway after traumatic brain injury in the rat.
Mediators Inflamm 2011; 2011: 807142 [PMID: 21772666 DOI:
10.1155/2011/807142]
Janko C, Filipović M, Munoz LE, Schorn C, Schett G, IvanovićBurmazović I, Herrmann M. Redox modulation of HMGB1-related
signaling. Antioxid Redox Signal 2014; 20: 1075-1085 [PMID:
23373897 DOI: 10.1089/ars.2013.5179]
Ulloa L, Ochani M, Yang H, Tanovic M, Halperin D, Yang R, Czura

July 7, 2015|Volume 21|Issue 25|

Wang FC et al . HMGB1 A-box reduced LPS-induced inflammation

27

28

29
30

31

CJ, Fink MP, Tracey KJ. Ethyl pyruvate prevents lethality in mice
with established lethal sepsis and systemic inflammation. Proc Natl
Acad Sci USA 2002; 99: 12351-12356 [PMID: 12209006]
Johansson L, Snäll J, Sendi P, Linnér A, Thulin P, Linder
A, Treutiger CJ, Norrby-Teglund A. HMGB1 in severe soft
tissue infections caused by Streptococcus pyogenes. Front Cell
Infect Microbiol 2014; 4: 4 [PMID: 24524027 DOI: 10.3389/
fcimb.2014.00004]
Jia L, Clear A, Liu FT, Matthews J, Uddin N, McCarthy A, Hoxha
E, Durance C, Iqbal S, Gribben JG. Extracellular HMGB1 promotes
differentiation of nurse-like cells in chronic lymphocytic leukemia.
Blood 2014; 123: 1709-1719 [PMID: 24464016 DOI: 10.1182/
blood-2013-10-529610]
Zhang CL, Shu MG, Qi HW, Li LW. Inhibition of tumor
angiogenesis by HMGB1 A box peptide. Med Hypotheses 2008; 70:
343-345 [PMID: 17630223]
LeBlanc PM, Doggett TA, Choi J, Hancock MA, Durocher Y, Frank
F, Nagar B, Ferguson TA, Saleh M. An immunogenic peptide in
the A-box of HMGB1 protein reverses apoptosis-induced tolerance
through RAGE receptor. J Biol Chem 2014; 289: 7777-7786 [PMID:
24474694 DOI: 10.1074/jbc.M113.541474]
Kokkola R, Li J, Sundberg E, Aveberger AC, Palmblad K, Yang
H, Tracey KJ, Andersson U, Harris HE. Successful treatment of
collagen-induced arthritis in mice and rats by targeting extracellular
high mobility group box chromosomal protein 1 activity. Arthritis

32

33
34

35

36

Rheum 2003; 48: 2052-2058 [PMID: 12847700]
Andersson U, Wang H, Palmblad K, Aveberger AC, Bloom O,
Erlandsson-Harris H, Janson A, Kokkola R, Zhang M, Yang H,
Tracey KJ. High mobility group 1 protein (HMG-1) stimulates
proinflammatory cytokine synthesis in human monocytes. J Exp
Med 2000; 192: 565-570 [PMID: 10952726]
Yang H, Tracey KJ. Targeting HMGB1 in inflammation. Biochim
Biophys Acta 2010; 1799: 149-156 [PMID: 19948257 DOI: 10.1016/
j.bbagrm.2009.11.019]
Trøseid M, Lind A, Nowak P, Barqasho B, Heger B, Lygren I,
Pedersen KK, Kanda T, Funaoka H, Damås JK, Kvale D. Circulating
levels of HMGB1 are correlated strongly with MD2 in HIVinfection: possible implication for TLR4-signalling and chronic
immune activation. Innate Immun 2013; 19: 290-297 [PMID:
23070967 DOI: 10.1177/1753425912461042]
Maeda S, Hikiba Y, Shibata W, Ohmae T, Yanai A, Ogura K,
Yamada S, Omata M. Essential roles of high-mobility group box 1
in the development of murine colitis and colitis-associated cancer.
Biochem Biophys Res Commun 2007; 360: 394-400 [PMID:
17599806]
He ZW, Qin YH, Wang ZW, Chen Y, Shen Q, Dai SM. HMGB1
acts in synergy with lipopolysaccharide in activating rheumatoid
synovial fibroblasts via p38 MAPK and NF-κB signaling pathways.
Mediators Inflamm 2013; 2013: 596716 [PMID: 24302816 DOI:
10.1155/2013/596716]
P- Reviewer: Nakov VN, Pullerits R, Westra J S- Editor: Yu J
L- Editor: Kerr C E- Editor: Wang CH

WJG|www.wjgnet.com

7776

July 7, 2015|Volume 21|Issue 25|

World J Gastroenterol 2015 July 7; 21(25): 7777-7785
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i25.7777

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Berberine inhibits hepatic gluconeogenesis via the LKB1AMPK-TORC2 signaling pathway in streptozotocin-induced
diabetic rats
Shu-Jun Jiang, Hui Dong, Jing-Bin Li, Li-Jun Xu, Xin Zou, Kai-Fu Wang, Fu-Er Lu, Ping Yi
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Shu-Jun Jiang, Hui Dong, Li-Jun Xu, Xin Zou, Kai-Fu Wang,
Fu-Er Lu, Institute of Integrated Traditional Chinese and Western
Medicine, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430030, Hubei
Province, China

Correspondence to: Ping Yi, PhD, Department of Integrated
Traditional Chinese and Western Medicine, Tongji Hospital,
Tongji Medical College, Huazhong University of Science and
Technology, 1095 Jiefang Avenue, Wuhan 430030, Hubei
Province, China. pyi219@163.com
Telephone: +86-27-83663217
Fax: +86-27-83663237

Jing-Bin Li, Ping Yi, Department of Integrated Traditional
Chinese and Western Medicine, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology,
Wuhan 430030, Hubei Province, China
Author contributions: Dong H, Lu FE and Yi P designed the
research; Jiang SJ, Li JB, Xu LJ, Zou X and Wang KF performed
the research; Dong H analyzed the data; Jiang SJ wrote the
paper.

Received: January 5, 2015
Peer-review started: January 6, 2015
First decision: January 22, 2015
Revised: February 14, 2015
Accepted: March 31, 2015
Article in press: March 31, 2015
Published online: July 7, 2015

Supported by National Natural Science Foundation of China,
No. 30973836.
Ethics approval: The various ethics statements related to
scientific conduct are detailed below.

Abstract

Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the Institutional
Animal Care and Use Committee at Tongji Medical College,
Huazhong University of Science and Technology (IACUC
number: 372).

AIM: To investigate the molecular mechanisms of
berberine inhibition of hepatic gluconeogenesis in a
diabetic rat model.
METHODS: The 40 rats were randomly divided into
five groups. One group was selected as the normal
group. In the remaining groups (n = 8 each), the rats
were fed on a high-fat diet for 1 mo and received
intravenous injection of streptozotocin for induction of
the diabetic models. Berberine (156 mg/kg per day)
(berberine group) or metformin (184 mg/kg per day)
(metformin group) was intragastrically administered
to the diabetic rats and 5-aminoimidazole-4-car
boxamide1-β-D-ribofuranoside (AICAR) (0.5 mg/kg per
day) (AICAR group) was subcutaneously injected to the
diabetic rats for 12 wk. The remaining eight diabetic
rats served as the model group. Fasting plasma glucose
and insulin levels as well as lipid profile were tested.
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state, the liver increases glucose uptake via the ab
sorption of glucose by hepatocytes and subsequent
transformation into glycogen and lipids. In the fasting
state, hepatocytes provide glucose via glycogenolysis
and gluconeogenesis to maintain glucose homeostasis.
However, abnormal hepatic gluconeogenesis results
in the elevation of glucose levels. Gluconeogenesis
in the liver is regulated through the transcriptional
modulation of gluconeogenic enzymes such as glucose6-phosphatase (G-6-Pase) and phosphoenolpyruvate
[1]
carboxykinase (PEPCK) .
AMP-activated protein kinase (AMPK) plays a vital
role in gluconeogenesis in the liver. AMPK is a conserved
sensor and regulator of cellar energy balance that is
activated when the cellular AMP: ATP ratio exhibits a
large increase due to conditions of nutrient deprivation
[2]
or pathological stress . Liver kinase (LK)B1 is a serine/
threonine protein kinase that was originally identified
as a tumor suppressor gene. The LKB1 mutation is
[3]
responsible for the familiar Peutz-Jeghers syndrome .
The deletion of hepatic LKB1 in adult mice results in the
nearly complete loss of AMPK activity, which in turn,
results in hyperglycemia due to increased gluconeogenic
[4]
gene expression . Previous research has indicated
that LKB1 acts as the upstream regulator of AMPK and
[5]
participates in gluconeogenesis. Koo et al illustrated
that CREB-regulated transcription co-activator (TORC)2
is a key regulator of glucose output that acts through
the cAMP responsive element binding protein (CREB)
and found that TORC2-deficient mice exhibit fasting
hypoglycemia. Subsequently, CREB stimulates hepatic
gluconeogenesis to drive the expression of the nuclear
receptor coactivator peroxisome proliferator-activated
[4,5]
receptor co-activator (PGC)-1α . PGC-1α is a trans
criptional coactivator of nuclear receptors and plays
a vital role in activating the expression of the genes
for key gluconeogenic enzymes such as PEPCK and
[6,7]
[5]
G-6-P . The research of Koo et al showed that AMPK
phosphorylation due to ATP depletion triggers TORC2
phosphorylation, which results in the inhibition of the
nuclear translocation of TORC2; in turn, the cytoplasmic
localization of TORC2 prevents its combination with
CREB elements. Thus, gluconeogenesis is restrained. In
the future, the LKB1-AMPK-TORC2 signaling pathway
will probably be a target for the treatment of type 2
diabetes.
Berberine is an isoquinoline alkaloid extracted from
Rhizoma Coptidis. The hypoglycemic effect of berberine
was first identified in 1988 via the treatment of diarrhea
[8]
in diabetic patients . Since that time, many studies
about the influence of berberine on hyperglycemiareducing and insulin resistance-improving have been
reported. Recently, berberine was proven to be capable
of reducing hyperglycemia via the inhibition of hepatic
[1,9,10]
gluconeogenesis
. Based on the inhibition of
gluconeogenesis by the LKB1-AMPK-TORC2 signaling
pathway, we hypothesized that berberine reduces
hyperglycemia via the LKB1-AMPK-TORC2 signaling
pathway to control gluconeogenesis.

The expressions of proteins were examined by western
blotting. The nuclear translocation of CREB-regulated
transcription co-activator (TORC)2 was observed by
immunohistochemical staining.
RESULTS: Berberine improved impaired glucose
tolerance and decreased plasma hyperlipidemia.
Moreover, berberine decreased fasting plasma insulin
and homeostasis model assessment of insulin resistance
(HOMA-IR). Berberine upregulated protein expression
of liver kinase (LK)B1, AMP-activated protein kinase
(AMPK) and phosphorylated AMPK (p-AMPK). The level
of phophorylated TORC2 (p-TORC2) protein in the
cytoplasm was higher in the berberine group than in the
model group, and no significant difference in total TORC2
protein level was observed. Immunohistochemical
staining revealed that more TORC2 was localized in the
cytoplasm of the berberine group than in the model
group. Moreover, berberine treatment downregulated
protein expression of the key gluconeogenic enzymes
(phosphoenolpyruvate carboxykinase and glucose-6phosphatase) in the liver tissues.
CONCLUSION: Our findings revealed that berberine
inhibited hepatic gluconeogenesis via the regulation of
the LKB1-AMPK-TORC2 signaling pathway.
Key words: Berberine; Diabetes; AMPK; LKB1; Hepatic
gluconeogenesis; TORC2
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We showed that liver kinase (LK)B1 acts as
the upstream regulator of AMP-activated protein kinase
(AMPK) and participates in gluconeogenesis. AMPK
phosphorylation triggers CREB-regulated transcription
co-activator (TORC)2 phosphorylation, which results
in the inhibition of the nuclear translocation of TORC2.
Thus, gluconeogenesis is restrained. No previous
studies have reported the molecular mechanisms of
berberine reducing hyperglycemia via the inhibition
of hepatic gluconeogenesis. We found that berberine
upregulated protein expression of LKB1, AMPK, p-AMPK
and p-TORC2. Moreover, we observed that berberine
inhibited the translocation of TOCR2 into the cell
nucleus.
Jiang SJ, Dong H, Li JB, Xu LJ, Zou X, Wang KF, Lu FE, Yi P.
Berberine inhibits hepatic gluconeogenesis via the LKB1-AMPKTORC2 signaling pathway in streptozotocin-induced diabetic rats.
World J Gastroenterol 2015; 21(25): 7777-7785 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i25/7777.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i25.7777

INTRODUCTION
The liver plays a crucial role in the maintenance of
systemic glucose homeostasis. In the absorptive
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was obtained. Next, the rats were given glucose by
gavage (2 g/kg), and additional blood samples were
collected at regular intervals (t = 60 and 120 min)
for glucose and insulin measurements. The rats were
deeply anesthetized with pentobarbital in the fasting
(12-h) condition. Blood samples were collected from
the abdominal aorta and allowed to clot for 30 min at
4 ℃. After centrifuging at 3000 r/min for 15 min at
4 ℃, the serum was separated and stored at -80 ℃
until examination. The liver was removed and flushed
with saline. Next the liver was collected and stored at
-80 ℃ until use.

MATERIALS AND METHODS
Animal care and use statement

Male Wistar rats, weighing 160 g, supplied by the
Centers for Disease Control and Prevention (Wuhan,
China) were fed adaptively for 1 wk in an ambient
temperature of 22 ± 1 ℃ and on a 12-h light/dark
cycle with free access to water and the standard
rat diet (containing 35% flour, 20% soy meal, 20%
corn meal, 15.5% bran, 0.5% bean oil, 5% fish
meal, 2.5% bone meal, 1% dusty yeast, and 0.5%
salt). All experimental procedures were performed in
accordance with the guide principle for experimental
animals (MSTPRC Directive of 1988, No. 88-2).

OGTT and fasting insulin

Blood glucose levels were examined with the glucose
oxidase method using a glucose monitor (LifeScan
Milpitas, CA, United States). Serum fasting insulin
concentrations were measured with radioimmunoassay.

Chemicals and experimental drugs

Streptozotocin (STZ) was produce by Sigma (St Louis,
MO, United States). The assay kits used for blood
lipid determinations were purchased from Jiancheng
Bio-engineering Institute (Nanjing, China). Berberine
was provided by the National Institute for the Control
of Pharmaceutical and Biological Products (Beijing,
China). Metformin was purchased from Shenzhen
Vanda Pharmaceuticals (Shenzhen, China), and
AICAR was procured from the Beyotime Institute of
Biotechnology (Jiangsu, China).

Analysis of blood lipids

The serum total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C) and highdensity lipoprotein cholesterol (HDL-C) concentrations
were estimated via the oxidase method using com
mercial reagents.

Western blot analysis

Experimental design

Liver total protein was extracted, and the con
centrations of total protein were measured by the BCA
method. The liver extractions (100 μg) were mixed
with sample buffer (25 μg), boiled for 10 min, and
separated on 10% SDS-PAGE. The separated proteins
were electrophoretically transferred to nitrocellulose
membranes. The membranes were blocked with 5%
nonfat dry milk dissolved in phosphate-buffered saline
with Tween-20 (PBST) or 0.5% bovine serum albumin
for 2 h at room temperature. The membranes were
then washed in PBST and incubated overnight with
primary antibodies (LKB1, AMPK, p-AMPK, TORC2,
p-TORC2, G-6-P, PEPCK, and β-actin) at 4 ℃. After
three washes in PBST, the membranes were incubated
with the Dylight 800-labeled antibody to rabbit IgG
(KPL, Hongkong, China) for 2 h. Immunoreactive
proteins were visualized with a near-infrared double
color laser imaging system (Odyssey, Lincoln, NE,
United States). Quantity one 4.6.2 was used for
assaying the protein quantification.

The rats were randomly assigned to a normal control
group that received the standard rat diet (normal)
or the remaining four groups that received a highfat diet (containing 67.5% standard laboratory rat
chow, 15% lard, 15% sugar, 2% cholesterol, and
0.5% bile salts) for 4 wk. Next, the rats received
tail vein injections of STZ (30 mg/kg) dissolved in
0.05mol/L sodium citrate (pH 4.5) after 12-h fast for
[11]
induction of the diabetic models . One week later,
oral glucose tolerance test (OGTT) was performed.
The 95% confidence intervals were calculated based
on the plasma glucose levels of normal rats. The rats
with diabetes (i.e., rats with plasma glucose levels
that were above the normal upper limit at two time
points or 20% greater than the normal upper limit at
one time point) were selected. Next, the diabetic rats
were randomized into the following four groups (n =
8 per group): an untreated diabetic group (model),
a berberine-treated group (berberine), a metformintreated group (metformin) and an AICAR-treated
group (AICAR). Berberine (156 mg/kg per day) and
metformin (184 mg/kg per day) were dissolved in
sodium carboxymethylcellulose and intragastrically
administered to the rats daily for 12 wk. AICAR (0.5
mg/kg per day) was dissolved in normal saline, and
the rats in the AICAR-treated group were given daily
subcutaneous injections of AICAR for 12 wk. The doses
were adjusted according to the body weight, which
was recorded once per week. The day before the rats
were sacrificed, the rats were anesthetized with diethyl
ether after fasting for 12 h, and orbital venous blood

WJG|www.wjgnet.com

Immunohistochemical staining for TORC2

The liver tissues were fixed with 4% paraformaldehyde
for paraffin embedding. The paraffin-embedded
sections were subjected to immunohistochemical
staining for TORC2 in the liver. The tissue sections
were incubated with rabbit anti-TORC2 primary
antibody (1:50). After washing with PBST, the sections
were incubated with secondary antibody, and the
diaminobenzidine method was used. Next, the TORC2
protein expressions were observed under an optical
microscope.
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Figure 1 Effects of berberine on plasma glucose levels in the oral glucose tolerance test and the areas under the curves for plasma glucose. bP < 0.01 vs
the normal control group at the corresponding time point; dP < 0.01 vs the model group at the corresponding time point (by ANOVA). AUC: Areas under the curve.
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Figure 2 Effects of berberine on fasting plasma insulin level and homeostasis model assessment of insulin resistance in diabetic rats. Each bar represents the
mean ± SD (n = 8). bP < 0.01 vs the normal control group; dP < 0.01 vs the model group (by ANOVA). HOMA-IR: Homeostasis model assessment of insulin resistance.

Statistical analysis

Effect of berberine on fasting plasma insulin and insulin
resistance index

The data are presented as the means ± SD and were
assayed with SPSS version 19.0 statistical software. All
experience data were analyzed with one-way analysis
of variance (ANOVA). Data with equal variances were
evaluated with Tukey’s test. A P value below 0.05 was
considered significant. The statistical methods of the
study were reviewed by Sheng Wei from the school of
Public Health of Tongji Medical College.

Blood insulin was monitored to assay pancreatic beta
cell function. As shown in Figure 2, fasting insulin level
was significantly higher in the model group than in
the normal control group (P < 0.01), and berberine
significantly lowered fasting insulin level compared to
the model group (P < 0.01) (Figure 2A). Moreover,
the fasting plasma insulin and homeostasis model
assessment of insulin resistance (HOMA-IR) in the
model group was higher than in the normal control
group (P < 0.01), and berberine notably decreased
HOMA-IR compared to the model group (P < 0.01)
(Figure 2B).

RESULTS
Effect of berberine on glucose tolerance in type 2
diabetic rats

As shown in Figure 1A, the plasma glucose levels
in the model group were significantly higher than
those in the normal control group at 0, 1 and 2 h (P
< 0.01). Glucose tolerances were improved in the
berberine, AICAR and metformin groups compared to
the model group (P < 0.01). In the berberine, AICAR
and metformin groups, the areas under the curves
(AUCs) constructed from the plasma glucose levels at
the three time points were decreased by 52%, 64%
and 62%, respectively, compared to the model group
(Figure 1B).
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Berberine improved hyperlipidemia in type 2 diabetic
rats

As shown in Table 1, the model rats exhibited severe
dyslipidemia. The serum TG, TC, and LDL-C levels were
higher in the model group than in the normal control
group (P < 0.01). Treatments with berberine, AICAR
and metformin markedly ameliorated the increases
in the TG, TC and LDL-C levels in the diabetic rats
compared to the model rats (P < 0.01). The HDL-C
levels of the model group were lower than those of
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Table 1 Effects of berberine on plasma lipid profiles of diabetic rats (mean ± SD, n = 8)
Group
Normal
Model
Berberine
AICAR
Metformin

TG (mmol/L)

TC (mmol/L)

LDL-C (mmol/L)

HDL-C (mmol/L)

0.98 ± 0.15
2.7 ± 0.57b
1.44 ± 0.23d
1.28 ± 0.31d
1.26 ± 0.37d

3.74 ± 0.56
6.66 ± 1.14b
4.88 ± 0.96d
4.54 ± 0.55d
4.72 ± 0.56d

1.48 ± 0.18
4.26 ± 0.63b
1.46 ± 0.32d
1.82 ± 0.22d
1.60 ± 0.27d

2.68 ± 0.48
1.14 ± 0.15b
2.12 ± 0.63d
2.34 ± 0.40d
2.52 ± 0.59d

b

P < 0.01 vs the normal control group, dP < 0.01 vs the model group (by ANOVA). TC: Total cholesterol; TG: Triglycerides; LDL-C: Low-density lipoprotein
cholesterol; HDL-C: High-density lipoprotein cholesterol.
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Expression of LKB-1 protein
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B
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treatments considerably increased the expressions of
AMPK and P-AMPK proteins compared to the model
rats (P < 0.01).

Berberine regulated TORC2 nuclear translocation in
livers of type 2 diabetic rats

When TORC2 is phosphorylated in the liver, it is
located in the cytoplasm and gluconeogenesis does
not occur. As shown in Figure 5, the p-TORC2 levels
of the model group was lower than that of the normal
control group (P < 0.01), and the p-TORC2 levels
were significantly increased in groups treated with
berberine, AICAR or metformin compared to the
model group (P < 0.01). However, there was no sig
nificant difference in the expression of total TORC2
protein across the five groups (P > 0.01). As shown
in Figure 6, we also verified that berberine inhibited
TORC2 nuclear translocation in the liver tissues via
immunohistochemical staining. The nuclear expression
of TORC2 protein was obviously increased in the model
group compared to the normal group; however, the
treatments with berberine, AICAR and metformin
inhibited the nuclear translocation of the TORC2
protein.

Metformin
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Figure 3 Effect of berberine on hepatic LKB-1 protein expression. Western
blot analyses of LKB-1 levels in liver tissues of normal control rats, model rats
and diabetic rats treated with berberine, AICAR and metformin. A: Representative
blots for each group are shown; B: Each bar is expressed as LKB-1/β-actin and
represents the mean ± SD (n = 8). aP < 0.05 vs the normal control group; cP < 0.05
vs the model group (by ANOVA).

Berberine regulated expression of PEPCK and G-6-P
proteins in livers of type 2 diabetic rats

the normal control group, and the HDL-C levels of the
treatment groups were increased compared to those
of the model rats (P < 0.01).

PEPCK and G-6-P are key gluconeogenesis enzymes
and can affect plasma glucose. Expression of PEPCK
and G-6-P proteins was increased in the model rats
compared to the normal control group (P < 0.01),
and treatment with berberine, AICAR and metformin
decreased expression of PEPCK and G-6-P protein
compared to the model rats (P < 0.05) (Figure 7).

Berberine regulated expression of LKB1 protein in livers
of type 2 diabetic rats
As shown in Figure 3, the expression of LKB1 protein
in the model rats decreased compared to the normal
control group (P < 0.05). However, treatments of
berberine, AICAR and metformin increased the
expression of LKB1 protein compared to the model
rats (P < 0.05).

DISCUSSION
Berberine was first found to exhibit hypoglycemic
actions in 1988, and numerous studies related to the
ability of berberine to attenuate diabetes have been
reported in the last 25 years. Previous evidence has
shown that berberine can decrease blood glucose,
regulate lipids, and improve insulin resistance via many
[12-14]
different molecular mechanisms
; however, little
research has focused on whether berberine inhibits
hepatic gluconeogenesis via AMPK. Previous studies
have illustrated that the regulation of gluconeogenesis

Berberine regulated expression of AMPK and p-AMPK
proteins in the livers of type 2 diabetic rats

AMPK is an energy sensor, and phosphorylation of
AMPK is increased when it is activated. As shown in
Figure 4, the liver AMPK and P-AMPK protein levels
were lower in the model group than in the normal
control group, and berberine, AICAR and metformin
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< 0.01 vs the normal group; dP < 0.01 vs the model group (by ANOVA).There was no significant difference in the expression of total TORC2 protein across the five
groups.

is involved in the insulin signaling pathway. In refeeding mice, insulin inhibits gluconeogenic gene
expression via the promotion of the phosphorylation of
[15]
TOCR2 . In the models of insulin signaling deficiency,
the expression of PGC-1 which plays a role in liver
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gluconeogenesis is elevated. Thus, insulin is a primary
[16]
suppressor of gluconeogenesis . However, the current
study revealed that glucose metabolism was regulated
independently of insulin action. The loss of LKB1 in
the mouse liver resulted in an increase in TOCR2
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A
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D
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C

Figure 6 Immunohistochemical staining for TORC2 in the liver tissues. Optical microscopy image of TORC2 is shown in brown. The normal group (A) exhibited
little TORC2 in the nuclei. However, more TORC2 was present in the nuclei of the model group (B). The groups treated with Berberine (C), AICAR (D) and Metformin (E)
exhibited lower levels of TORC2 compared to the model group (magnification × 400).
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Figure 7 Berberine inhibited expression of key gluconeogenic enzyme proteins. Western blot analyses of PEPCK and G-6-P proteins in liver tissues of normal
rats, model rats and diabetic rats treated with berberine, AICAR or metformin. A: PEPCK blots for each group are shown; C: G-6-P blots for each group are shown;
B: Each bar is expressed as the total PEPCK/β-actin and represents the mean ± SD (n = 8); D: Each bar is expressed as the total G-6-P/β-actin and represents the
mean ± SD (n = 8). bP < 0.01 vs normal control group; dP < 0.01 vs model group; aP < 0.05 vs normal control group; cP < 0.05 vs model group (by ANOVA).

gene expression and drove gluconeogenesis via the
[4]
AMPK signaling pathway . In a clinical trial, Keshavarz
[17]
et al
examined identification of single nucleotide
polymorphisms in LKB1 and TOCR2 genes, and the
results suggested a probable association between the
LKB1-AMPK-TOCR2 signaling pathway and glucose
homeostasis in the liver. These studies provided more
insight to consider whether berberine suppresses

WJG|www.wjgnet.com

gluconeogenesis to attenuate hyperglycemia via the
AMPK signaling pathway.
In this study, we showed that berberine restrained
protein expression of the key gluconeogenic enzymes
PEPCK and G-6-Pase in model rats (Figure 7). These
[9,10]
results agree with those of previous reports
.
Berberine inhibited PEPCK and G-6-Pase protein
expression via the suppression of mitochondrial fun
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[10]

ction . The glucose-lowering effect of berberine is
related to the suppression of the expression of the key
hepatic gluconeogenic enzymes PEPCK and G-6-Pase
[9]
via the AMPK signaling pathway . AMPK is a potential
target for balancing glucose and lipid metabolism in
the treatment of type 2 diabetes. Berberine treatment
increases AMPK activity and contributes to the
elevations in the level of AMPK phosphorylation in
[9,10,18,19]
the liver
. In the present study, we examined
the protein expression of AMPK and p-AMPK in
the liver tissues (Figure 4). We observed that
berberine increased the amount of total AMPK and
phosphorylation of AMPK. Treatment with berberine
restored the AMPK activity observed in the diabetic
condition to the level observed in the non-diabetic
condition (Figure 5). This increase in AMPK activity
was accompanied by reductions in PEPCK and G-6-Pase
expression. These results are consistent with previous
[4]
data. The research of Shaw et al provided us with
inspiration to explore further the hypoglycemic actions
of berberine. In their study, LKB1 deletion in the liver
led to a reduction in AMPK phosphorylation; thus, the
activation of AMPK depends on LKB1. We considered
whether LKB1 acts as a critical upstream target of
AMPK when berberine treatment is accompanied by
a change in AMPK. In our study, we measured the
expression of LKB1 in the diabetic liver. Intriguingly, we
found that LKB1 protein expression in treated groups
was increased compared to the levels observed in the
diabetic rats (Figure 3). Next, we sought to understand
how AMPK affects the expression of the gluconeogenic
[5]
enzymes PEPCK and G-6-Pase. Koo et al reported
that the activation of AMPK promotes TOCR2 pho
sphorylation and blocks its nuclear accumulation.
Consequently, gluconeogenic enzyme expression is
[4,20]
interrupted
. In the current research, we detected
no significant difference in the total amount of TOCR2
between the normal and diabetic rats, but TOCR2
phosphorylation in the cytoplasm was increased by
the berberine treatment relative to model rats (Figure
5). Berberine treatment inhibited the translocation of
TOCR2 into the cell nucleus, and the TORC2 nuclear
accumulation observed in the berberine group was
lower than that observed in the model group (Figure
6). Thus, the transcription of gluconeogenic genes was
reduced, and the liver glucose output was decreased.
In our study, we observed lower blood glucose levels
in the treated group than in the model group (Figure
1). High blood glucose levels stimulate the pancreas
to secrete insulin and result in hyperinsulinemia. Our
results revealed that berberine treatment reduced
fasting insulin level compared to those observed in the
model group (Figure 2).
To research the therapeutic effects of berberine, we
chose to use AICAR and metformin as positive control
groups. Some studies have shown that AICAR and
metformin are AMPK agonists, and that they inhibit
gluconeogenesis to regulate glucose metabolism
[4,21-23]
through the AMPK signaling pathway
. In our
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research, we found no significant differences between
these treatment groups.
In conclusion, our study revealed that berberine
inhibited expression of the gluconeogenic proteins
PEPCK and G-6-Pase in the liver. Consequently,
reductions in blood glucose levels were accompanied
by reductions in blood insulin levels reduction due to
the inhibition of gluconeogenesis. Moreover, blood
lipid levels simultaneously improved (Table 1). The
mechanisms responsible for the effects of berberine
treatment might be related to the suppression of
gluconeogenesis through the LKB1-AMPK-TOCR2
signaling pathway.
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Abstract
AIM: To analyse allelic frequency of NOD2 gene variants
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and to assess their correlation with inflammatory bowel
disease (IBD) in Algeria.

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

METHODS: We studied 132 unrelated patients dia
gnosed with IBD, 86 with Crohn’s disease (CD) and
46 with ulcerative colitis (UC). Data was prospectively
collected between January 2011 and December 2013.
The demographic and clinical characteristics were
recorded for all the patients. A group of 114 healthy
unrelated individuals were selected as controls. All
groups studied originated from different regions of
North Algeria and confirmed the Algerian origin of
their parents and grandparents. Informed and written
consent was obtained from each of the participants.
All individuals were genotyped for the three CD702
associated NOD2 variants (p.Arg Trp, p.Gly908Arg
1007
and p.Leu fsinsC mutations) using the polymerase
chain reaction-restriction fragment length polymorphism
method. Allele and genotype frequencies in patients
2
and control subjects were compared by χ test and
Fisher’s exact test where appropriate. Odds ratios
(OR) and 95% confidence intervals (95%CI) were also
estimated. Association analyses were performed to study
the influence of these variants on IBD and on clinical
phenotypes.

Core tip: We evaluated allelic frequency of NOD2 variants
among 132 inflammatory bowel disease (IBD) patients
and 114 unrelated healthy subjects from Algeria. Despite
the fact that the frequency of NOD2 mutant alleles is in
the range found in most of the European populations,
we failed to demonstrate the association of these NOD2
variants with IBD susceptibility. This might be due to
the non exposure of the NOD2 carriers to environmental
factors, required for the expression of the disease. We
can expect in the coming years to see an increased
incidence of IBD associated with the spread of Western
lifestyle in this region.
Boukercha A, Mesbah-Amroun H, Bouzidi A, Saoula H,
Nakkemouche M, Roy M, Hugot JP, Touil-Boukoffa C.
NOD2/CARD15 gene mutations in North Algerian patients
with inflammatory bowel disease. World J Gastroenterol 2015;
21(25): 7786-7794 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7786.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7786

RESULTS: The p.Arg 702 Trp mutation showed the
highest frequency in CD patients (8%) compared
to UC patients (2%) (p = 0.09, OR = 3.67, 95%CI:
0.48-4.87) and controls (5%) (p = 0.4, OR = 1.47,
95%CI: 0.65-3.31). In CD patients allelic frequencies
1007
of p.Gly908Arg and p.Leu fsinsC variants compared
to HC were 3% vs 2% (p = 0.5, OR = 1.67, 95%CI:
0.44-6.34); 2% vs 1% (p = 0.4 OR = 2.69 95%CI:
0.48-14.87 respectively). In UC patients, allelic
1007
frequencies of p.Gly908Arg and p.Leu fsinsC variants
compared to HC were 1% vs 2% (p = 1, OR = 1.62,
95%CI: 0.17-4.74) and 2% vs 1% (p = 0.32, OR = 0.39,
95%CI: 0.05-2.87). The total frequency of the mutated
NOD2 chromosomes was higher in CD (13%), than
in HC (8%) and UC (5%). In addition, NOD2 variants
were linked to a particular clinical sub-phenotype in CD
in this Algerian cohort. As expected, the three NOD2
variants showed a significant association with CD but
did not reach statistical significance, despite the fact
that the allele frequency of NOD2 variants was in the
range found in most of the European populations. This
might be due to the non-exposure of the NOD2 carriers
to environmental factors, required for the expression of
the disease.

INTRODUCTION
The nucleotide-binding oligomerization domain
containing 2 gene (NOD2) is 3.1 kb in size and is
[1-3]
located on chromosome 16q12.1
. Consisting of
12 exons and 11 introns, NOD2 encodes a protein
expressed mainly in monocytes, dendritic cells,
enterocytes and Paneth cells. NOD2 has an important
[4]
role in immune system function . In response to
bacterial infection, NOD2 acts as an intracellular
bacterial receptor in monocytes and activates nuclear
factor kappa B (NF-κB) specifically after recognition of
the bacterial cell wall component, muramyl dipeptide
[5]
(MDP) and leads to activation of the inflammatory
[6,7]
response . NOD2 mutations are associated with
Crohn’s disease (CD) as well as other disorders,
[8,9]
[10]
including Blau syndrome
and bipolar disorder .
NOD2 mutations have also been associated with a
higher incidence of specific types of cancer in affected
[11]
patients .
More than 40 non-conservative mutations were
[12]
identified on the NOD2 gene . The most common are
702
two missense mutations, p.Arg Trp (SNP8, C/T) in
exon 4, leading to substitution of arginine in position
702 by tryptophan, p.Gly908Arg (SNP12,G/C) in exon
8, leading to substitution of glycine in position 908 by
arginine and an insertion mutation of a C in exon 11,
a frame shift resulting in a truncated NOD2 protein
1007
at position 1007, p-Leu
fsinsC (SNP13, insC).
Independent groups have reported the association of
these three mutations with increased susceptibility
[12-14]
to CD
. These mutations affect the structure of

CONCLUSION: Further analyses are necessary to study
genetic and environmental factors in IBD in the Algerian
population, using larger patient groups.
Key words: Algeria; Crohn’s disease; ulcerative colitis;
Inflammatory bowel disease; NOD2 mutations; polymerase
chain reaction-restriction fragment length polymorphism
method
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Patients with IBD

either the carboxy-terminal leucine-rich repeat (LRR)
domain of the protein or the adjacent region. The
activating functions of NF-κB are regulated by the
LRR domain, which has an inhibitory role and acts as
an intracellular receptor for components of microbial
[12]
pathogens . In particular, these NOD2 mutations
are associated with the phenotypes of CD that involve
[15]
the ileum, and with fibrostenosing disease . In
Caucasian populations, the contribution of the NOD2
gene mutations to CD has been studied. The risk of CD
has been evaluated to be 1.5-3-fold for heterozygous
carriers and 10-44-fold for homozygous/compound
[15-19]
heterozygous carriers
. However, the background
prevalence of NOD2 mutations depends on ethnicity.
In Asian populations such as Chinese, Korean and
Japanese, the three previously described major
variants of the NOD2 gene were not found in CD
[20,21]
patients and controls
, indicating that although
ethnically divergent populations may present identical
phenotypes, they do not necessarily share the same
set of predisposing genes. In African populations, very
few studies have been performed to investigate the
influence of genetic factors in the development of CD.
[22]
Gasche et al , screened the three NOD2 SNPs in a
collection of 1064 DNA samples from 52 worldwide
populations, including seven sub-Saharan populations
and one North African population composed of 30
Algerian Mozabites. They likewise found no NOD2
mutations in African populations except for a single
702
positive case of p.Arg Trp mutation in the Algerian
Mozabite population. They concluded that the three
CD-associated single nucleotide polymorphisms
(SNPs) were almost exclusively found in Europe and
are absent in native populations from Africa. In North
African populations, two previous genotyping analyses
[23,24]
in Morocco and Tunisia
revealed that the NOD2
allele’s frequencies are very low when compared to
the frequencies seen in Caucasians of European origin.
More recently, the contribution of NOD2 polymorphisms
to CD has been studied for the first time in an Algerian
[25]
population and a strong association between CD and
1007
NOD2 variants was reported. However, p.Leu fsinsC
variant was not investigated in this study even it
showed the strongest association with CD in previous
[15,17]
studies
. The objectives of the present study were
thus to determine allelic frequency of the three major
NOD2 gene variants and to investigate whether they
determined specific phenotypes of IBD among North
Caucasian Algerians.

A total of 132 unrelated patients diagnosed with IBD
(86 Crohn’s disease (CD), 46 ulcerative colitis (UC))
reported in this study were recruited from Maillot
Hospital, Algiers, Algeria, between January 2011 and
December 2013 and represented an independent
cohort not studied before in any IBD genetic studies.
Diagnosis of IBD was based on standard clinical,
radiological, endoscopic and histological criteria. The
following demographic and clinical characteristics
were recorded for all the patients: geographical
origin, gender, age, age at diagnosis, disease location,
presence of extra intestinal manifestations, surgery
and familial or sporadic disease (familial disease was
considered if one first or second degree relative had
IBD). In addition, we carried out an evaluation of the
incidence of IBD in our monocentric study, since no
published epidemiological data on IBD in Algeria are
available. Data were obtained from the registry of IBD
of the Department of Gastroenterology at the Maillot
University Hospital of Algiers. We have considered all
patients permanent residents of Algiers, consulted for
the first time between January 1988 and December
2008, for symptoms consistent with a diagnosis of IBD.

Healthy control subjects

One hundred and fourteen healthy unrelated individuals
(mainly students, blood donors and hospital employees)
with a mean age of 25.21 ± 8.66 were selected as
controls on the basis of a lack of personal or family
history of IBD or any other autoimmune or immune
diseases.

Stastical analysis

A comparison of genotype frequencies between dif
2
ferent groups was evaluated using the χ test or
Fisher’s exact test. Odds ratios (OR) were noted with
a 95%CI. Expected and observed heterozygosity and
Hardy-Weinberg equilibrium (HWE) were calculated.
Variables were considered to indicate a statistically
significant difference for a P value less or equal to
0.05. We used GraphPad prism version 6.01 (GraphPad
Software, San Diego, California, United States).

DNA extraction

DNA was extracted from blood samples by the phenol[26]
chloroform method according to standard protocols .
702
We screened samples for the presence of p.Arg Trp,
1007
p.Gly908Arg and p.Leu
fsinsC mutations of the
NOD2 gene by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP). Primers
[27]
and PCR reactions were previously described . Primers
used were synthesized by Invitrogen (Invitrogen, Life
Technologies, Carlsbad, California, United States) and
PCR reactions were carried out using a T100 thermal
cycler (BIO-RAD, Richmond CA, United States). PCR
products were analysed on 1% agarose gels and stained
with 1 mg/mL ethidium bromide. The digestion reaction

MATERIALS AND METHODS
The study was performed in accordance with the
Declaration of Helsinki of the World Medical Association
and was approved by the ethics committee of the
Agence Thématique de la Recherche Scientifique en
Santé, (ATRSS, ex ANDRS). All patients signed an
informed consent form for this investigation.
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imager analyser (BIO-RAD, Richmond CA, United
States).

Table 1 Demographic, clinical data and genotype-phenotype
correlations in Crohn's disease patients n (%)
All subjects

Non carriers

Carriers

P value

HC
114
CD patients
86
Sex (F/M)
46/40
Age at
25.28± 14.85
diagnosis
A1
28 (32.5)
A2
43 (50)
A3
15 (17.5)
Location
L1: Ileum
25 (29)
L2: Ileo-colon
49 (57)
L3: Colon
12 (14)
Resective
37 (43)
Surgery
EIM
24 (28)
Positive
23 (27)
family history
for CD

102 (89.47)
70 (81.39)
40/30
25.70 ± 15.55

12 (10.52)
16 (18.6)
6/10
22.12 ± 10.66

0.120
0.103
0.155

22
35
13

6
8
2

0.809

23
35
12
31

2
14
0
6

0.020

18
17

6
6

0.343
0.281

Variables

RESULTS
In our study, we have analysed two series of data.
We have obtained data retrospectively from the
Department of Gastroenterology’s register. A group of
770 IBD patients resident in Algiers, were consulted
between January 1988 and December 2008. Based
on these data, we evaluated the incidence rate for
5
IBD. It ranges from 0.5 to 2 cases/10 per year, with
an average rate of 1.2. The second series of data
was obtained prospectively between January 2011
and December 2013. Our cohort was composed of
132 IBD patients (86 CD and 46 UC). The mean age
of the patients at diagnosis was 25.28 ± 14.85 and
36.86 ± 12.30 years for CD and UC, respectively.
The clinical characteristics and phenotype data are
reported in Tables 1 and 2. Family history in a first- or
second-degree relative was found in 27% and 24%
of the CD and UC patients studied, respectively, which
is higher than reported before in CD patients in the
[25]
same population . There was a slight female gender
predominance in IBD patients (57%). PCR-RFLP was
702
employed to detect p.Arg Trp, p.Gly908Arg and
1007
p.Leu fsinsC mutations of the NOD2 gene in 132
IBD patients and 114 healthy control subjects. Allele
frequencies of mutant alleles of each NOD2 variant are
702
shown in Table 3. The p.Arg Trp mutation showed the
highest frequency in CD patients (8%) compared to UC
patients (2%) (p = 0.09, OR = 3.67, 95%CI: 0.48-4.87)
but its frequency was also high in controls (5%) (p = 0.4,
908
OR = 1.47, 95%CI: 0.65-3.31). Likewise, p.Gly Arg
1007
and p.Leu fsinsC mutations showed similar frequency
in CD patients and in controls (3% vs 2%, p = 0.5, OR
= 1.67, 95%CI: 0.44-6.34; 2% vs1%, p = 0.4, OR =
2.69, 95%CI: 0.48-14.87, respectively). In UC patients,
908
1007
allelic frequencies of p.Gly Arg and p.Leu fsinsC
variants compared to HC were 1%vs 2%, (p = 1, OR
= 1.62, 95%CI: 0.17-4.74) and 2% vs 1% (p = 0.32,
OR = 0.39, 95%CI: 0.05-2.87)). As expected, the total
frequency of the mutated NOD2 chromosomes was
higher in CD (13%), than in HC (8%) and UC (5%).
However, this difference was not statistically significant
(CD vs HC, p = 0.12, OR = 1.71, 95%CI: 0.88-3.3; UC
vs HC, p = 0.63, OR = 0.67, 95%CI: 0.24-1.86). In
addition, the comparison of the total allelic frequencies
between CD and UC patients did not show any statistical
difference (p = 0.08, OR = 0.39, 95%CI: 0.14-1.07).
When considering the carriers of at least one copy
of mutant alleles in any variant and the carriers of two
copies (Table 4), a similar result was observed. 18.6%
of CD patients and 8.7% of UC patients carried at
least one mutant allele in any of the three considered
variants, vs 10.52% of controls (p = 0.103, p =
0.726, respectively). Two copies of mutant alleles were

0.620

A1 < 16, A2 = 16-40, A3 > 40 years according Montreal classification. CD:
Crohn's disease; HC: Healthy controls; EIM: Extra intestinal manifestations.

Table 2 Demographic, clinical data and genotype-phenotype
correlations in ulcerative colitis patients n (%)
All subjects

Non carriers

Carriers

P value

HC
114
UC patients
46
Sex (F/M)
30/16
Age at
36.86 ± 12.30
diagnosis
A1
1 (2.1)
A2
31 (67.4)
A3
14 (30.5)
Location
E1: proctitis
9 (20)
E2: distal
19 (41.5)
colitis
E3: extensive
18 (39)
colitis
Resection
4 (9)
Surgery
EIM
11 (24)
Positive
11 (24)
family history
for UC

102 (89.47)
42(91.3)
27/15
36.92 ± 11.34

12 (10.52)
4(8.7)
3/1
36.25 ± 22.60

0.120
0.726
0.667

1
28
13

0
3
1

0.916

9
16

0
3

0.115

17

1

3

1

0.225

11
10

0
1

0.240
0.957

Variables

A1 < 16, A2 = 16-40, A3 40 years according Montreal classification. UC:
Ulcerative colitis; HC: Healthy controls; EIM: Extra intestinal manifestations.

and restriction enzyme digestion conditions were taken
from the manuals included with the restriction enzy
mes MspI, HhaI purchased from Promega (Promega,
Madison, wisconsin, United States) and NlaIV purchased
from New England Biolabs (New England Biolabs,
Massachusetts, United States). Digestion products were
loaded on polyacrylamide gel electrophoresed under
120 volts for 60 min, coloured with 1 mg/mL ethidium
bromide. Images were captured with a Gel Doc EZ
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Table 3 NOD2 Allele frequencies in Crohn's disease, ulcerative colitis and healthy control groups
Polymorphisms

Allele frequency (%)
CD

UC

HC

P value1

IBD

(n = 86) (n = 46) (n = 114) (n = 132)
p.Arg702Trp
(C/T)
p.Gly908Arg
(G/C)
p.Leu1007fsinsC
(WT/insC)

P value2

OR
(95%CI)

P value3

OR
(95%CI)

P value4

OR
(95%CI)

OR
(95%CI)

C

92

98

95

94

0.09

3.67

0.40

1.47

1.00

0.92

0.36

2.5

T
G

8
97

2
99

5
98

6
98

0.66

0.48-4.87
2.72

0.50

0.65-3.31
1.67

0.75

0.42-2.01
0.76

1.00

0.54-11.4
1.62

C
WT

3
98

1
98

2
99

2
98

1.00

0.31-23.69
1.07

0.40

0.44-6.34
2.69

0.29

0.21-2.75
0.38

0.32

0.17-14.74
0.39

insC

2
13

2
5

1
8

2
10

0.08

0.19-5.9
0.39

0.12

0.48-14.87
1.71

0.43

0.07-1.9
1.32

0.63

0.05-2.87
0.67

Total frequency
(%)

0.14-1.07

0.88-3.3

0.71- 2.48

0.24-1.86

1

The P value for CD patients vs UC patients; 2The P value for CD patients vs HC group; 3The P value for IBD patients vs HC group; 4The P value for UC
patients vs HC group. (%) represents allele frequency. CD: Crohn's disease; UC: Ulcerative colitis; IBD: İnflammatory bowel disease (CD + UC patients);
HC: Healthy controls; WT: Wild type allele; insC: Insertion mutation of a C.

Table 4 Number of different genotypes observed in Crohn's disease/ulcerative colitis/healthy controls groups
Variant

p.Arg

702

p.Arg Trp
p.Gly908Arg
p.Leu1007fsinsC
WT

702

Trp

p.Gly

2/0/4

908

Arg

1007

WT

2/1/1
1/0/0
0/0/0

6/1/2
3/1/3
1/1/1
70/42/102

p.Leu

1/0/1
0/0/0

fsinsC

In each cell of the table, the genotype is obtained by combining the two genetic variants indicated in the corresponding row and column. No patients
homozygous for NOD2 gene p.Gly908Arg and p.Leu1007fsinsC mutations were found in this study. CD: Crohn's disease; UC: Ulcerative colitis; HC:
Healthy controls; WT: Wild type.

Table 5 Hardy-Weinberg equilibrium and the P value
NOD2 polymorphisms
p.Arg
Groups

Genotypes

702

Trp

p.Gly

908

Arg

p.Leu

1007

fsinsC

CC

CT

TT

P value

GG

GC

CC

P value

WT/WT

insC/WT

insC/insC

P value

92.98
89.75
87.21
86.92
90.15
88.96

3.51
9.97
10.46
12.62
8.33
10.72

3.51
0.28
2.33
0.46
1.52
0.32

0

96.49
96.52
94.19
94.27
95.45
95.51

3.51
3.45
5.81
5.64
4.55
4.44

0
0.03
0
0.08
0
0.05

0.8488
NS
0.7813
NS
0.7893
NS

98.25
98.25
95.35
95.41
95.45
95.51

1.75
1.74
4.65
4.54
4.55
4.44

0
0
0
0.05
0
0.05

0.9247
NS
0.8252
NS
0.7893
NS

Frequencies
HC
CD
IBD

Observed
Expected
Observed
Expected
Observed
Expected

0.0117
0.0106

CD: Crohn's disease; HC: Healthy controls; IBD: İnflammatory bowel disease; NS: Non-significant P value; WT: Wild type; insC: Insertion mutation of a C.

702

p.Arg Trp homozygous genotypes in the HC sample
was significant and could be due to consanguinity.
No significant associations were found with NOD2
mutations for family history, presence of extra intestinal
702
manifestations or surgery, even when p.Arg Trp/
1007
p.Gly908Arg/p.Leu
fsinsC polymorphisms were
considered together or separately or when only
1007
p.Gly908Arg/p.Leu fsinsC were considered.
The stratification of CD according to age at dia
gnosis showed that CD patients carrying one or two
copies of any rare variant had a mean age at diagnosis
lower than non-carrier CD patients. However, this

carried by 7% of the CD subjects (either homozygous
for one variant or compound heterozygous), vs 5.26%
in the control group (p = 0.613). Only a single subject
702
was compound heterozygous for p.Arg Trp and
1007
p.Leu fsinsC variant in the UC group (2.17%) (p =
0.397). No subjects were homozygous for p.Gly908Arg
1007
or p.Leu fsinsC variants in the whole sample of CD.
This reveals the risk conferred by the possession of
more than one of these mutations.
When analysing the genotype data, the HWE test
P value was not significant for any of the SNPs except
702
for p.Arg Trp (Table 5). The observed excess of
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Table 6 Comparative study of NOD2 allele frequencies in North African populations
Population

Number

Allele frequency (%)
p.Arg

North Algeria (this study)
Algeria[25]
Morocco[23]
Tunisia[24]

CD
86
204
101
130

HC
114
201
107
90

CD
8
5
0.49
2

702

Trp

p.Gly

HC
5
0.50
0.46
0.60

CD
3
3
6.43
5

908

Arg
HC
2
0.5
2.8
3

p.Leu
CD
2
ND
0.9
1

1007

fsinsC
HC
1
ND
0
0

Total allele
CD
13
ND
8
8

HC
8
ND
3.2
3.6

CD: Crohn's disease; HC: Healthy controls; ND: Not determined.
1007

populations, except for p.Leu fsinsC frequency which
was lower. Much lower frequency was also found for
the frameshift mutation in neighbouring populations
from Morocco and Tunisia, with similar sample size
(Table 6). Interestingly, another study in a North
1007
Tunisian population has shown that p.Leu fsinsC
mutation was strongly associated with susceptibility to
[33]
CD with an allelic frequency value of 15% , indicating
that significant differences might be obtained for the
same population.
702
The p.Arg Trp allelic frequency obtained on 114
North Algerian healthy controls is likewise significantly
different from that recently determined on 201 controls
[25]
(p = 0.0002, OR = 11.11) . This divergence indicates
that the control samples used in the two studies are
significantly different. Previous studies described the
population of North Africa as extremely heterogene
ous, composed of a mosaic of sub-populations with
significantly different genetic structures and with
[33,34]
high endogamy rates
. This is confirmed by the
Hardy-Weinberg analyses performed in our study.
Thus, recruitment from different geographic origins in
Algeria may lead to different NOD2 frequencies. Taken
together, all these data from the Algerian population
suggested that genetic variations of NOD2 gene are
not homogeneously distributed.
The correlation of NOD2 genotypes with phenotypic
expression of IBD was assessed in this analysis. IBD
is a heterogeneous disorder characterized by the
presence of different clinical sub-phenotypes. In our
study, we have established different sub-groups,
after the stratification of IBD patients according to
demographic and phenotypic data. In CD patients,
no significant association was found between NOD2
variants and phenotypic data (Tables 1 and 2).
However, this association was significant with disease
location, as described previously. In the UC group,
our data suggests that NOD2 mutations appear to
be associated with a more aggressive course of UC.
Similar findings have been recently reported on UC
[35]
in the Portuguese population . To our knowledge,
this study is the first one performed to investigate the
influence of genetic factors in the development of UC
in the Algerian population. The small number of UC
patients with NOD2 risk alleles is the limitation in our
study and a larger sample is certainly needed to clarify

association was not significant (p = 0.809).
One positive association was shown between
NOD2 mutations and location of disease. In the CD
group, 59% of patients had combined small bowel
and colonic involvement, 30% had isolated small
bowel involvement and 11% had an isolated colonic
disease. NOD2 carriers with any risk allele showed
ileal or ileocolonic CD and none of them had an
isolated colonic CD. There were significant differences
between allele frequencies and location of disease (p
= 0.020). In our study, NOD2 alleles were associated
with a particular CD sub-phenotype. This result is in
agreement with previous studies in which ileal disease
[15]
was found associated with NOD2 variants .
In the UC group, no significant associations were
found among the NOD2 mutations and age at diagnosis,
presence of extra intestinal manifestations, surgery or
family history. When considering extent of disease, 9
(20%) patients had proctitis, 19 (41.5%) distal colitis
and 18 (39%) extensive colitis. Interestingly, none of
the UC patients with NOD2 risk alleles had E1 disease
location, suggesting a potential association between
NOD2 mutations carrier status and disease severity.
However, the frequency of NOD2 mutations did not
achieve statistical significance (p = 0.115), probably
because of the small number of patients in this subgroup (only 4).

DISCUSSION
Allele frequency of the three major NOD2 gene
variants was assessed in this analysis. As expected,
the total allele frequency was higher in CD patients
than in UC patients and HC. The frequencies of the
three NOD2 variants range from 4% to 5%, 1% to
702
2% and 2% to 3% for p.Arg Trp, p.Gly908Arg and
1007
p.Leu fsinsC, respectively, in healthy Caucasian
[28]
populations . The corresponding frequencies among
Caucasian CD patients range from 9% to 13%, 3% to
[29]
6% and 7% to 16%, respectively . In UC patients,
the frequencies of these three variants are lower,
[30-32]
ranging from 4% to 6%, 2% and 2.5% to 3.3%
.
In our cohort of IBD and controls, the observed
frequency of NOD2 mutant alleles is in agreement
with a high Caucasian component of the targeted
population and is in the range found in most European
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the role of NOD2 gene variants in phenotype severity
of UC in Algeria.
Finally, our results clearly show an influence
of NOD2 gene variants on specific CD clinical subgroups. Since only 18.6% of CD patients and 8.69%
of UC patients carry at least one mutation in the
NOD2 gene, it is possible that other polymorphisms
in the NOD2 gene or in other genes, in combination
with environmental factors, are involved in IBD
susceptibility. Indeed, despite the fact that the
observed frequency of NOD2 mutant alleles is in
the range found in most European populations,
the association of these polymorphisms on IBD
susceptibility in our studied population could not
be demonstrated. This might be due not only to
the statistical test power failure but also to an
environmental effect. NOD2 carriers do not express
the disease, because they are not exposed to
environmental factors required for the expression of
the disease and are probably protected because they
lead a lifestyle that is not at risk. In these conditions,
the OR values attributed to the NOD2 mutations are
proportional to the population exposure. Our study
showed that the incidence rate for IBD increased
5
from 0.5 to 2 cases/10 per year, between 1988 and
2008. This incidence rate is lower than that of other
population groups and is certainly underestimated
because it is evaluated only in a monocentric study.
However, it is interesting to note that over these
two decades the population in Algeria became
predominantly urban. Thus, the increased incidence
of IBD observed in the targeted population might
be associated with the change in lifestyle. This is in
agreement with a previous study demonstrating that
urbanization of society is an important risk factor for
[36]
the development of IBD. Soon et al , demonstrated
that living in an urban society was positively associated
with the development of IBD. Since change in lifestyle
is relatively recent in Algeria, an increased incidence in
IBD associated with the spread of Western lifestyle in
this region can be expected in the coming years.
In conclusion, the data we obtained are relevant
to estimate the NOD2 gene variants in the Algerian
population. Our study confirmed that the NOD2
gene is significantly associated with a specific clinical
sub-phenotype in CD. The results obtained up to
now in Algeria have shown that the NOD2 gene is
involved in IBD susceptibility and have suggested a
heterogeneous distribution of NOD2 mutations across
Algerian populations. Further analyses are necessary
to study genetic and environmental factors in IBD in
the Algerian population, using larger patient groups.

The authors have explored NOD2/CARD15 gene mutations in North Algerian
patients with inflammatory bowel disease (IBD).

Innovations and breakthroughs

This is a novel study in which we determine, for the first time, the allelic
frequency of the three major NOD2 gene variants among the North Caucasian
Algerians and investigate whether they determine specific phenotypes of IBD.
The authors clearly showed an influence of NOD2 gene variants on specific CD
clinical sub-groups. The authors also proposed that an increased incidence of
IBD observed in the targeted population might be associated with the change in
lifestyle.

Applications

Investigating other genetic determinants, but also environmental factors, in IBD
patients could help us to understand the pathogenic pathway of disease both in
CD and ulcerative colitis (UC).

Peer-review

This is an original work in which a genetic study has revealed the importance
of the environment on the expression of IBD. The format of the manuscript was
slightly revised.
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Core tip: In Crohn’s disease, adverse events to thiopu
rines are a common occurrence leading to discontinuation
of therapy in 1 in 3 patients in this referral centre cohort.
Adverse events leading to discontinuation of the drug
were significantly more common in female patients over
the age of 40 years at drug prescription. These findings
should be replicated in other centres, in other clinical
indications for thiopurine use and correlated to thiopurine
6-methyltransferase genotype, activity and thiopurine
metabolities.

Abstract
AIM: To determine the incidence and predictors of
thiopurine-related adverse events.
METHODS: Subjects with Crohn’s disease who were
followed in the Alberta Inflammatory Bowel Disease
Consortium patient database registry were identified.
Retrospective chart review was conducted between
th
st
August 5 , 2010 and June 1 , 2012. We collected
data on: age at diagnosis; sex; disease location and
behaviour at time of prescribing thiopurine; perianal
fistulising disease at or prior to thiopurine prescription;
smoking status at time of thiopurine prescription, use of
corticosteroid within 6 mo of diagnosis; dosage, age at
onset, and cessation of 5-aminosalicyclic acid (5-ASA);
anti-tumour necrosis factor medication exposure and
intestinal resection before thiopurine prescription.
The primary outcome of interest was the first adverse
event that led to discontinuation of the first thiopurine
medication used. Logistic regression models were used
to associate clinical characteristics with outcomes after
adjusting for potential confounders. Risk estimates
were presented as odds ratios (OR) with 95% CI. Effect
modification by age and sex were explored.

Moran GW, Dubeau MF, Kaplan GG, Yang H, Eksteen B,
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INTRODUCTION
Crohn’s disease (CD) is an inflammatory bowel di
sease (IBD) characterized by chronic and relapsing
intestinal inflammation that can affect any segment
of the gastrointestinal tract. The aetiology of CD is
multifactorial consisting of an interplay of altered
immune responses to environmental stimuli such
as the gut microbiota in genetically predisposed
[1-3]
individuals . Most patients with CD require chronic
immune-suppressing medications to control their
disease, and when these drugs fail intestinal resections
[4]
are required .
Thiopurine analogs consist of mercaptopurine
(MP) and its pro-drug azathioprine (AZA). Thiopurines
have been shown to reduce corticosteroid use and
[5,6]
maintain remission in patients with CD , but this
evidence has been questioned by more recent data
[7,8]
from two randomised controlled trials
in CD patients
with early disease, precluding a widespread usage of
thiopurines in all patients with early CD. Treatment
paradigms have evolved in the last decade with the
introduction of anti-tumour necrosis factor (TNF)
[9-11]
therapy
. Emerging evidence suggests that the
combination of thiopurines with anti-TNF therapy may
be associated with greater efficacy for moderate to
severe CD when compared to monotherapy with anti[12-14]
TNF agents
. However, balancing efficacy against
adverse events associated with immunosuppressive
medications remains a persistent challenge in IBD
management.
Adverse events lead to discontinuation of thi
[15,16]
. In a previous metaopurines in 9%-25% of cases
analysis reporting on studies between 1966 to 1994,
thiopurine withdrawal due to an adverse event was

RESULTS: Our cohort had a median follow-up duration
th
th
of 5.8 years [interquartile range (IQR 25 -75 ) 2.7-9.1].
Thiopurine therapy was discontinued in 31.3% of
patients because of: hypersensitivity reactions (7.1%),
acute pancreatitis (6.2%), gastrointestinal intolerance
(5.4%), leucopenia (3.7%), hepatotoxicity (3.4%),
infection (1.1%) and other reasons (4.3%). A higher
incidence of thiopurine withdrawal was observed in
patients over the age of 40 (39.4%, p = 0.007). A sexby-age interaction (p = 0.04) was observed. Females
older than 40 years of age had an increased risk of
thiopurine discontinuation due to an adverse event
(age above 40 vs age below 40, adjusted OR = 2.8;
95%CI: 1.4-5.6). In contrast, age did not influence
thiopurine withdrawal in males (age above 40 vs
below 40, adjusted OR = 0.9; 95%CI: 0.4-2.1). Other
clinical variables (disease location and phenotype,
perianal disease, smoking history, history of intestinal
resection and prior 5-ASA or corticosteroid use) were
not associated with an increased risk an adverse event
leading to therapy cessation.
CONCLUSION: Thiopurine withdrawal due to adverse
events is commoner in women over the age of 40 at
prescription. These findings need to be replicated in
other cohorts.
Key words: Thiopurines; Azathioprine; Mercaptopurine;
Adverse events
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Thiopurine cohort (n = 351, 100%)

Combination therapy (n = 117, 33%)

Monotherapy (n = 234, 67%)

Concomitant onset
(n = 38, 33%)

Non-concomitant onset
(n = 79, 69%)

Continued (n = 59, 25%)

Continued (n = 18, 47%)

Continued (n = 64, 81%)

Discontinued (n = 175, 75%)

Discontinued (n = 20, 53%)

Discontinued (n = 15, 19%)

Adverse events (n = 97, 0.55)
Non-response (n = 54, 0.31)
Other (n = 24, 0.14)

Adverse events (n = 8, 0.40)
Non-response (NA)
Other (n = 12, 0.60)

Adverse events (n = 5, 0.33)
Non-response (NA)
Other (n = 10, 0.67)

Figure 1 Patient disposition. Disposition of the whole study cohort. Drug disposition is described in the materials and methods section. Thiopurines were
discontinued due to adverse events, non-response or other non-clinical reasons.
[17]

described in 8.9% of the cases . Reported rates
have varied over the years but large referral-centre
studies have shown higher discontinuation rates than
[18]
[19]
[20]
previously reported (11% , 15% , 18.3% ,
[21]
[22]
[23]
[24]
[25]
39% , 28% , 31% , 25.9% , 27.4% ).
Thiopurine discontinuation and adverse events in the
era of anti-TNF therapy has not been well described.
Further, clinical variables that predict adverse events
when prescribing thiopurines are not available. Genetic
polymorphisms of the thiopurine 6-methyltransferase
(TPMT) have been shown to correlate with subnormal
enzyme activity and myelotoxicity. The effect of TPMT
polymorphism on gastrointestinal toxicity is still unclear
[26]
with an earlier study
showing a dis-concordance
between TPMT heterozygosity and gastrointestinal
intolerances. More recent data however has shown a
[27]
significant association
between TPMT polymorphism
and gastrointestinal intolerances. It is unclear what
is the effect of gender on TPMT activity, with some
[28-31]
studies showing an increased activity in males
,
[32]
decreased activity in females
or no effect of
[33]
[30,31]
gender at all . Patient age
, has no effect on
TPMT activity but combination treatment with 5-ASA
therapy might increase 6-thioguanine nucleotide levels
due to a negative effect of 5-ASA therapy on TPMT
activity. Earlier reports had shown no effect of 5-ASA
co-administration[30,34,35] on TPMT activity but more
recent data has indicated 5-ASA therapy increases
[36,37]
6-thioguanine nucleotide levels
. Due to inconsistent
data, identifying a clinical phenotype associated with
thiopurine intolerance may facilitate in the decisionmaking process when prescribing a thiopurine and thus
enable improved patient experiences and outcomes.
Thus, we evaluated thiopurine discontinuation
due to adverse events in a cohort of CD patients and
investigated clinical characteristics associated with
adverse events.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study population

Subjects with CD who were followed in the Alberta
Inflammatory Bowel Disease (IBD) Consortium patient
[38]
database registry were identified . Retrospective
th
chart review was conducted between August 5 , 2010
st
and June 1 , 2012. We identified all patients with CD in
our registry who had a current or previous prescription
of a thiopurine agent (AZA or MP). Patients with no
history of thiopurine therapy or with a diagnosis of
ulcerative colitis, IBD unspecified, or microscopic colitis
at time of chart review were not included in this study.
We identified 366 CD patients with a current or prior
prescription of a thiopurine. The clinical scenarios that
patients with CD were prescribed a thiopurine are
described in Figure 1. Fifteen subjects were excluded
because the reason for withdrawal was unavailable (n
= 12) or the status of thiopurine prescription was not
obvious from the chart review (n = 3).

Outcomes

The primary outcome of interest was the first adverse
event that led to discontinuation of the first thiopurine
medication (AZA or MP) used. The diagnosis of the
adverse event was based on the clinical opinion of
the prescribing gastroenterologist in conjunction with
investigations (e.g., elevated lipase for pancreatitis)
when available. Adverse events were defined as:
acute pancreatitis as defined by relevant clinical
symptoms (e.g., epigastric pain) and serum lipase
> 3 times above the reference range; leucopenia
defined as a white blood cell count of less than 3500/
ml; gastrointestinal intolerance (GI) as defined by
a gastroenterologist recording symptoms of nausea,
vomiting or non-specific abdominal pain in the ab
sence of any other cause; hepatotoxicity as defined
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[41]

by a rise in either (1) alanine transaminase levels
more than three times of upper limit of normal; (2)
alkaline phosphatase levels more than twice upper
limit of normal; or (3) total bilirubin level more than
twice upper limit of normal (not including Gilbert’s
syndrome) when associated with increased alanine
[39,40]
transaminase or alkaline phosphatase
; infection
and hypersensitivity reactions including arthralgias,
myalgias, rash, fever and flu-like reaction alone or in
[41]
combination as diagnosed by a gastroenterologist .
Uncommon adverse events (e.g., alopecia, photo
sensitivity, skin cancer) were grouped as other. Data
on the date of the adverse event and if the adverse
event led to drug withdrawal were recorded.

infection; and hypersensitivity reactions . The fre
quency distribution for categorical variables and median
with interquartile range (IQR) for continuous variables
were calculated, and their comparisons were based
on the Fisher exact test and Wilcoxon rank-sum test,
respectively. Logistic regression was performed to
evaluate associations between clinical factors and
discontinuing a thiopurine for an adverse event. Risk
estimates were presented as OR with 95%CI. The
clinical factors that were a priori included into the model
included: disease phenotype at the onset of thiopurine
as described by age, location, behavior (B), and perianal
fistulising disease; intestinal resection prior to thiopurine
prescription, history of smoking, corticosteroids within
6 mo of diagnosis, and drug utilization patterns prior
to thiopurine prescription for 5-ASA and anti-TNF. An
interaction term between age (defined as ≤ or >
40 years) and sex was modeled to assess for effect
modification. All statistical analyses were conducted
using SAS version 9.2 (SAS Institute, Inc, Cary, NC).
P values < 0.05 were considered to be statistically
significant.

Variables

Information extracted using a comprehensive chart
and electronic health record review included demo
graphic data, laboratory studies, microbiology results,
diagnostic imaging, operative and pathology reports,
dictation notes, discharge summaries, and medication
profiles. Data extraction was conducted independently
by two trained clinicians (GM and MFD). Data extracted
included: age at diagnosis (A1 ≤ 16 years, A2 17-40
years, A3 > 40 years); sex; location of disease (L1
ileal disease, L2 colonic disease, L3 ileocolonic disease
and L4 upper gastrointestinal disease) by Montreal
[42]
Classification at time of prescribing thiopurine; disease
[42]
behaviour by Montreal Classification
at thiopurine
prescription (B1 inflammatory, B2 fibrostenotic, B3
penetrating disease); perianal fistulising disease at
or prior to thiopurine prescription; smoking status at
time of thiopurine prescription, which was classified
as current smoking, past history of smoking, never
smoker, or unknown; use of corticosteroid within 6
mo of diagnosis; dosage, age at onset, and cessation
of 5-aminosalicyclic acid (5-ASA); thiopurines (AZA
and MP) and anti-TNF (infliximab and adalimumab);
combination therapy; and intestinal resection before
thiopurine prescription. Based on their thiopurine
exposure, patients were categorized into three groups;
(1) thiopurine monotherapy, defined as patients naive
to anti-TNF therapy or suffering an adverse event
that led to discontinuation of the thiopurine prior to
exposure to anti-TNF therapy; (2) non-concomitant
onset combination therapy defined as anti-TNF therapy
started more than 3 mo after thiopurine onset; and
(3) concomitant onset combination therapy defined
as concomitant prescription of thiopurine and antiTNF within 3 mo. In the last two groups, the adverse
event occurred while the patient was being exposed to
combination therapy.

RESULTS
The study consisted of 351 subjects with a median
th
th
follow-up duration of 5.8 years (IQR 25 -75 , 2.7-9.1].
Two patients were first initiated on MP while 349
patients were first treated with AZA. Most (n = 234,
66.7%) patients received thiopurine monotherapy,
with the rest were exposed to anti-TNF therapy. The
median dose of AZA prescribed was 2.1 mg/kg (IQR
th
th
25 -75 , 1.9-2.4 mg/kg). The median dose of MP
th
th
prescribed was 1.2 mg/kg (IQR, 25 -75 0.9-1.3
mg/kg). Drug disposition of the whole study group is
described in Figure 1. Patient characteristics stratified
by adverse events are shown in Table 1.

Adverse events

Adverse events leading to thiopurine discontinua
tion occurred in 110 patients out of the total cohort
of 351 and were distributed as follows (Table 2):
hypersensitivity reactions (n = 25, 7.1%); acute
pancreatitis (n = 22, 6.2%); GI toxicity (n = 19, 5,4%);
leucopenia (n = 13, 3.7%); hepatotoxicity (n = 12,
3.4%) and infection (n = 4, 1.1%). Fifteen patients
(4.3%) stopped medication for other adverse events
(Table 2). Multiple adverse events were not recorded in
a single patient as first adverse event leading to therapy
cessation was the primary end point of this study. The
four infections described were two intra-abdominal
abscesses, one case of molluscum contagiosum and one
case of pulmonary coccidioidomycosis. These patients
were not leukopenic. Details regarding the types of
adverse events were missing in the medical charts of
four patients (3.6%).
The median time from initiation to cessation of
therapy for patients with a hypersensitivity reaction,

Statistical analysis

The primary outcome was cessation of the first thiopurine
used (AZA or MP) due to an adverse event. An adverse
event was defined as one or more of the following:
acute pancreatitis; leucopenia; GI; hepatotoxicity;
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acute pancreatitis, and gastrointestinal intolerance
were of 31.0 (IQR 29.0, 65.0), 29.0 (IQR 14.5, 30.0)
and 17.0 (IQR 7.0, 26.0) d respectively. In contrast,
leucopenia resulted in drug cessation after a median of
347.5 d (IQR 159.0, 866.0) (p < 0.0001). Moreover,
median AZA dosages were lower in patients who had
to discontinue drug therapy due to leucopenia (1.6
mg/kg, IQR 0.8, 2.3) and hepatotoxicity (1.3 mg/kg,
IQR 0.8, 2.0) (p = 0.04).

Table 1 Cohort demographics n (%)
Variables

Total
Discontinued Continued
(n = 351)
due to
therapy
adverse event (n = 241)
(n = 110)

Gender
Female
Male
Age at diagnosis (A)
(yr)
< 17
17-40
> 40
Age at thiopurine
(yr)
< 17
17-40
> 40
L4 (upper
gastrointestinal
disease)
Yes
No
Behaviour (B) (%)
B1 (inflammatory)
B2 (fibrostenotic)
B3 (penetrating)
Perianal disease
before thiopurine
Yes
No
Corticosteroid at
diagnosis
Yes
No
Pre-thiopurine
intestinal resection
Yes
No
Disease duration
before thiopurines
(yr)
<1
1-5
5-10
> 10
5-ASA exposure
before thiopurine
Anti-TNFα exposure1
Thiopurine
monotherapy
Non-con. Comb.
therapy
Con. Comb therapy
Smoking history
Never
History of smoking
Unknown

P value

0.36
185 (52.7)
166 (47.3)

62 (56.3)
48 (43.6)

123 (51.1)
118 (48.9)
0.05

56 (16.0)
233 (66.4)
62 (17.7)

13 (11.8)
70 (63.3)
27 (24.5)

43 (17.8)
163 (67.6)
35 (14.5)

Clinical predictors of adverse events

Patients over the age of 40 when they started a
thiopurine were more likely to discontinue the drug (p
= 0.007) as compared to patients under the age of 40
(Table 1). In the multivariate analysis, effect modification
was identified by age at thiopurine prescription for
sex (p < 0.05, Wald test). In patients over 40 years of
age at thiopurine prescription, females had a 4.0-fold
(adjusted OR = 4.0, 95%CI: 1.9-8.3) increased risk
of discontinuing therapy due to an adverse event than
females under the age of 40. In contrast, age did not
influence thiopurine withdrawal (adjusted OR = 1.31,
95%CI: 0.59-2.9) in males (Table 3).
In the stratified multivariate analysis by sex,
female gender with an age of over 40 at thiopurine
prescription was associated with a significantly
increased risk of thiopurine discontinuation due to an
adverse event (adjusted OR = 2.8, 95%CI: 1.4-5.6).
This risk was not seen in male patients (adjusted OR
= 0.9, 95%CI: 0.4-2.1). The other modeled clinical
factors (smoking history, pre-thiopurine intestinal
resection, disease behaviour and location, perianal
disease and previous corticosteroid or 5-ASA use)
were not associated with thiopurine discontinuation
secondary to an adverse event (Table 4).

0.007
21 (6.5)
195 (60.0)
109 (33.5)

5 (4.5)
44 (40.0)
43 (39.1)

16 (6.6)
151 (62.7)
66 (27.4)
0.52

27 (7.7)
324 (92.3)

10 (9.1)
100 (90.1)

17 (7.1)
224 (92.9)

183 (56.0)
62 (19.0)
82 (25.1)

55 (50.0)
20 (18.2)
26 (23.6)

128 (53.1)
42 (17.4)
56 (23.2)

0.91

0.69
82 (23.4)
269 (76.6)

24 (21.8)
86 (78.2)

58 (24.1)
183 (75.9)
0.35

142 (52.8)
127 (47.2)

39 (35.5)
42 (38.2)

103 (42.7)
85 (35.3)
0.81

140 (39.9)
211 (60.1)

45 (40.9)
65 (59.1)

95 (39.4)
146 (60.6)
0.22

100 (30.8)
81 (24.9)
63 (19.4)
81 (24.9)
66 (24.8)

22 (20.0)
22 (20.0)
23 (20.9)
25 (22.7)
18 (16.4)

78 (32.4)
59 (24.5)
40 (16.6)
56 (23.2)
48 (19.9)

234 (66.7)

97 (88.2)

137 (56.9)

79 (22.5)

5 (4.5)

74 (30.7)

38 (10.8)

8 (7.3)

30 (12.4)

180 (51.3)
126 (35.9)
45 (12.8)

48 (43.6)
49 (44.5)
13 (11.8)

132 (54.8)
77 (32.0)
32 (13.2)

DISCUSSION
Thiopurine antimetabolite drugs are effective the
rapy in IBD. Thiopurines are commonly used first
line immunosuppressive therapy in subjects with
moderate-severe CD. Thiopurines are also prescribed
in combination with anti-TNF therapy to optimize
[42]
effectiveness . However, widespread use of thiopurines
is hampered by potential adverse events that can lead
to drug cessation. Our study highlights that intolerance
to thiopurines is prevalent; particularly, among women
with CD who are over the age of 40. This study demon
strates real-life clinical practice that suggests that
combination strategies with anti-TNF therapy and longterm thiopurine monotherapy are therapeutic aims that
might not be easy to achieve for patients with CD.
Nearly two-thirds of patients discontinued thiopurine
therapy after a median follow-up of 5.8 years. This
[15,43]
finding was comparable to prior studies
. However,
a prospective cohort study of 394 patients exposed
to thiopurine therapy, reported a lower frequency of

0.47
< 0.0001

0.12

1

Thiopurine monotherapy, defined as patients naive to anti-TNF therapy
or suffering an adverse event that led to discontinuation of the thiopurine
prior to exposure to anti-TNF therapy; non-concomitant onset combination
therapy defined as anti-TNF therapy started more than 3 mo after
thiopurine onset; concomitant onset combination therapy defined as
concomitant prescription of thiopurine and anti-TNF within 3 mo. Clinical
characteristics of the 351 CD patients treated with a thiopurine stratified
by an adverse event requiring withdrawal of thiopurines. Anti-TNF: Antitumour necrosis factor; ASA: Aminosalicylic acid; CD: Crohn's disease.
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Table 2 Adverse events n (%)
Variables

Hypersensitivity

Pancreatitis

GI

Leucopenia

Hepatotoxicity

Infection

25 (7.1)

22 (6.2)

19 (5.4)

13 (3.7)

12 (3.4)

4 (1.1)

patients
Gender
Males
Females
Age at thiopurine (yr)
Time from prescription to
withdrawal of thiopurine (d)
AZA dose (mg/kg)

16 (64.0)
9 (36.0)
37.6 (32.3, 47.9)
31 (29.0, 65.0)
2.2 (1.6, 2.4)

9 (40.9)
7 (36.8)
13 (59.1)
12 (63.2)
43.9 (32.2, 48.8) 26.5 (22.8, 47.1)
29 (14.5, 30.0) 17 (7.0, 26.0)
2.3 (2.0, 2.4)

2 (1.7, 2.2)

4 (30.8)
9 (69.2)
29.6 (23.6, 47.7)
347.5 (159.0, 866.0)
1.6 (0.8, 2.3)

4 (33.3)
8 (66.7)
49 (41.8, 57.9)
51 (30.0, 70,0)
1.3 (0.8, 2.0)

2 (50.0)
2 (50.0)
24.3 (19.3, 27.1)
1907 (603.0, 2718.0)
2.1 (2.0, 3.1)

Main reasons leading to discontinuation of thiopurine therapy in 351 patients due to an adverse event. No multiple reasons were recorded. Data are
given as median and IQR unless otherwise stated. Other (n = 15, 13.6%) causes for discontinuation were alopecia (n = 3), photosensitivity (n = 1), basal cell
carcinoma (n = 2), mood disturbance (n = 1), syncopal episodes (n = 1), fatigue (n = 1), headache (n = 1), eye problems (n = 1) and unknown (n = 4). AZA:
Azathioprine; IQR: Interquartile range; GI: Gastrointestinal intolerance.

reported in our cohort.
We have shown after adjusting for different factors
that females over the age of 40 years are at a higher
risk of adverse events secondary to thiopurines as
compared to women prescribed the drug below the
age of 40 years. In contrast, age did not modify this
association among men. This is novel finding has
a potential clinical implication, if further research
validates this finding in other cohorts. The higher
risk of toxicity in older women may alter the decision
to prescribe a thiopurine when compared against
a different treatment option. Disease phenotype,
smoking history, surgery or previous corticosteroid
or 5-ASA usage were not found to be significantly
associated with adverse events. Similar findings have
been previously described in a small IBD Spanish
[53]
cohort . These findings could possibly be explained
by recent data showing a significantly lower TPMT
[29-31,54]
activity in females as compared to males
.
We showed that patients exposed to an anti-TNF
had significantly less episodes of drug cessation due to
an adverse event. This variable was not included in our
multivariate analysis as we did not feel this would be
clinically useful. We would not advocate initiating antiTNF therapy in CD patients to decrease the incidence
of thiopurine discontinuation due to adverse events.
Moreover, we feel that persistence with a thiopurine
in patients on combination therapy is an indication of
disease severity in an otherwise sick CD population
with already a number of disease-related symptoms.
There are several strengths to this study. This is
a large referral centre that follows a large cohort of
CD patients. Fine phenotyping was conducted by a
select group of trained physicians who performed
random audits for quality assurance. Limitations to the
study should be noted. This is a retrospective study
that relied on a chart review process and thus, some
clinical data were not comprehensively captured.
Cessation of thiopurine therapy due to an adverse
event was left at the discretion of the primary caring
physician. As this was the primary inclusion criteria,
this inherent variability might explain some of the
noted differences in the adverse events incidence data.

Table 3 Multivariate analysis
Adjust variables

Crude analysis

Total (n = 351)
Age starting thiopurine older than 40

Adjusted
analysis

OR (95%CI)

vs 40 or younger
Female
Male

3.6 (1.9-7.1)
1.2 (0.6-2.6)

4.0 (1.9-8.3)
1.3 (0.6-3.0)

Predictors of thiopurine-related adverse events as determined by
multivariate analysis. A significant age-by-gender interaction was observed
in both crude and adjusted analyses, P-value = 0.03 and 0.04 respectively.

withdrawals (16%) from thiopurines due to adverse
[44]
events .
Leucopenia led to treatment cessation in 13 out of
the 351 subjects with a median duration of treatment
before discontinuation of 348 d. Thiopurine-induced
myelotoxicity has a cumulative incidence of 7% with an
[43]
incident rate of 3% per patient per year . Our study
was limited because of the lack of TPMT genotype and
activity from our study population. However, TPMT
polymorphisms explain leukopenia in only a quarter of
[45]
cases .
The mean overall prevalence of thiopurine-induced
liver toxicity was 3.4% in our study, which was similar
to the prevalence of 3.4% described in a systematic
[46]
review including 3485 patients . Only 4 infectious
events were described in this cohort of 351 patients
on thiopurines. Although this study was not designed
to assess the risk of infectious adverse events in CD
patients exposed to thiopurines, our data is in line
[47]
with previous studies
and is similar to previous
findings in the TREAT registry that did not identify
and increased incidence of sepsis in subjects on
[48]
immunomodulators .
Pancreatitis is an idiosyncratic reaction. Pancreatitis
was reported in 22 out of the 351 subjects (6.3%)
which is slightly higher than the incident rate reported
[49-51]
elsewhere (1.4%-3.3%)
. As expected from rarity
of the reported incidence of lymphomatous adverse
events in thiopurine-exposed subjects (0.9/1000
[52]
patient-years in the literature ), no cases were
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Table 4 Stratified multivariate analysis
Adjusted variables

Adjusted OR (95%CI)
All cohort (n = 351)

Female (n = 185)

Male (n = 166)

2.4 (1.4-4.2)
1.2 (0.7-2.0)
1.5 (0.9-2.5)
0.86 (0.43-1.71)
1.4 (0.6-3.2)
1.5 (0.7-3.0)
1 (0.5-2.2)
1.1 (0.5-2.5)
0.7 (0.4-1.3)
0.8 (0.4-1.5)
0.9 (0.5-1.6)
1.8 (0.7-4.3)

2.8 (1.4-5.6)
NA
1.5 (0.8-3.1)
0.7 (0.3-1.8)
1.2 (0.4-3.6)
1.1 (0.4-2.7)
1.0 (0.3-2.8)
1.0 (0.3-2.8)
1.1 (0.5-2.7)
0.7 (0.3-1.8)
0.7 (0.3-1.5)
3.4 (0.9-12.2)

0.9 (0.4-2.1)
NA
1.6 (0.8-3.6)
1.0 (0.4-2.8)
3.1 (0.9-10.4)
2.1 (0.7-6.3)
0.7 (0.2-2.4)
0.8 (0.3-2.5)
0.7 (0.3-1.8)
1.0 (0.4-2.4)
0.9 (0.4-2.2)
0.9 (0.3-3.1)

Age at Thiopurine prescription > 40 (sex-by-age interaction, P = 0.04)
Female vs male (referent)
Smoking history (current/past)
Pre-thiopurine intestinal resection vs no resection (referent)
L1 vs L2 (referent)
L3 vs L2 (referent)
B2 vs B1 (referent)
B3 vs B1 (referent)
Pre-thiopurine perianal disease vs no perianal disease (referent)
5-ASA at time of thiopurine vs past or never (referent)
Corticosteroid at diagnosis vs no exposure at diagnosis (referent)
L4 vs L2 (referent)

Predictors of thiopurine discontinuation in all cohort and as determined by this stratified multivariate analysis by sex. Demographic data suggests a higher
incidence of adverse events in female patients over the age of 40 years. An age-by-gender interaction is seen as described in this multivariate analysis of
thiopurine-exposed patients in female subjects over the age of 40 years. ASA: Aminosalicylic acid; NA: Not available.

co-administration with 5-aminosalicylic acid and thiopurine 6-methyltransferase
activity (TMPT). Although a higher TMPT activity is noticed in infants and
young children, this is unaffected by age in adulthood. Gender does seem
to have an effect on thiopurine metabolism with some reports showing a
disparity in TMPT activity in between gender with a lower TMPT activity being
described in women. These findings are not universal with some reports finding
no difference in thiopurine metabolism between males and females. Coadministration of thiopurine and 5-aminosalicylic acid therapy does increase
the incidence of adverse events due to a negative effect of 5-aminosalicylic
acid therapy on TPMT activity with a consequent rise of 6-thioguanine levels
leading to adverse events. Despite these observations, measurements of
TPMT activity and thiopurine metabolites are not routinely carried out in most
healthcare systems. Most regions in Canada do not support these expensive
tests. Similarly in the United Kingdom, despite TPMT measurement prior to
therapy initiation is endorsed by the British Society of Gastroenterology, a
substantial number of clinical commissioning groups do not financially support
this test. Similar limitations are seen across other parts of the world. Moreover,
in most cases adverse thiopurine-related adverse events are not explained by
TPMT deficiencies. Identifying a clinical phenotype that could potentially predict
adverse events to thiopurine in a real-life practice would be inexpensive and
clinically useful.

Patients were followed in a referral centre and thus
our study population may have been skewed towards
CD patients with a more complicated disease course.
Also, data on TPMT genotype, activity and thiopurine
metabolites were not available to explain these clinical
findings in our study population. Finally, our results are
exclusive to CD. We aimed to carry these analyses in a
CD cohort in order to allow the multivariate analysis to
identify a clinically useful phenotype in this population
significantly related to a thiopurine adverse event.
Entering other clinical parameters related to other
inflammatory bowel diseases might have produced a
more composite but less clinically meaningful outcome.
Thiopurines are effective therapy in certain CD
phenotypes. Significantly more adverse events have
been noted in female patients over the age of 40
years. Although our findings should not preclude this
group from the thiopurine class of drugs, clinicians
should be aware of the possible increased risk of
toxicity in this patient cohort. Further work is needed
to validate our findings in different patient populations
and to try and explain the aetiology of this novel
finding.

Research frontiers

Thiopurine-related adverse events are common. Some may be explained
by TPMT deficiency, though in most cases (including myelosuppression),
it is clinically impossible to predict which patients will be intolerant to this
medication. The current research hotspot is to identify a clinical phenotype
associated with increased adverse event. This would be clinically useful as it
would inform decision-making when starting immunosuppressive therapy.

Innovations and breakthroughs

To this date, the authors try and predict adverse events to thiopurine therapy
by measuring TPMT activity prior to first prescription. Measuring thiopurine
metabolites may be useful to try and optimise therapy and decrease adverse
events. It is not clinically possible as yet to predict other adverse events.
Furthermore, these expensive tests are not routinely available in large parts of
the world. The authors hereby describe a clinical phenotype that significantly
predicts an increased risk to discontinuation of thiopurine therapy due to an
adverse event. This is a clinically useful finding that will improve decisionmaking when prescribing immunosuppressive therapy.
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Applications

Background

Patients of a female gender prescribed a thiopurine at any age over 40 years
are at an increased risk to discontinuation of therapy due to an adverse event.

Thiopurine medication is effective therapy in the management of inflammatory
bowel disease. Their clinical effectiveness is hampered by the incidence
of related adverse events leading to drug discontinuation. A large recent
retrospective Spanish cohort study indicates that a quarter of patients suffer an
adverse event when exposed to thiopurine therapy leading to discontinuation
of therapy in 17%. Multiple variables have been associated with the onset of
adverse events including age, gender, the type of inflammatory bowel disease,
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Terminology

TPMT is an enzyme involved in the breakdown of azathioprine/mercaptopurine
to the active metabolite 6-thioguanine. A low TPMT activity is associated with
increased levels of 6-thioguanine which enhances the clinical efficacy of any
prescribed dose but also leads to a higher incidence of myelosuppression.
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This is a retrospective study on chart review dealing with adverse events
among patients with Crohn’s disease followed in the Alberta inflammatory bowel
disease Consortium patient database. The manuscript reveals frequencies of
a number of adverse events observed in a referral centre cohort including that
of women older than 40 years have an increased risk for adverse events and
discontinuation of thiopurine therapy.
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African American males, followed by African American
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had significantly more inpatient visits than white males
(P < 0.001), and African American females had more
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Abstract

CONCLUSION: Increase in GC diagnoses among
women at LSUHSC-S is significantly higher than United
States national averages, suggesting local geographic
and socioeconomic influences may alter GC disease
course.

AIM: To investigate whether regional geography
influences ethnic and gender trends for the development
of gastric cancer (GC).
METHODS: This retrospective analysis of the INVISION
patient database at Louisiana State University Health
Sciences Center-Shreveport (LSUHSC-S), a southern
United States regional hospital, was performed
from 2005-2011. Using the international statistical
classification of diseases 9 (ICD-9), inpatient, day
surgery outpatient, and emergency outpatient diagnosis
codes entered into medical records were used to
identify GC patients. For each study year, the patients
were evaluated for age, ethnicity, and gender, and each
patient was counted only once throughout the study.
Subsequent patient encounters were counted as visits
and separated by inpatient and clinic visits. Complex
or severe disease may require more frequent and
intensive clinical management; therefore, we evaluated
annual clinic visits as “surrogate markers” of disease
severity. Finally, we studied the primary diagnosis for
Helicobacter pylori (H. pylori ) infection (ICD-9 code
41.86) as an additional factor that might increase the
risk of GC.

Key words: Gender; Helicobacter pylori ; Ethnicity; Risk
factors; Health disparities
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric cancer (GC) remains a leading cause
of morbidity and mortality. Nationally, AAs reportedly
develop GC at twice the rate of Caucasians. Male
gender is a significant risk factor for GC development
in the United States with a nearly 2:1 male to female
dominance. However, at Louisiana State University
Health Sciences Center-Shreveport, the annual rates of
GC diagnosis among women in either ethnic grouping
were statistically indistinguishable from that of their
male counterparts. This result indicates that regional
geography and socioeconomic factors may contribute
to the ethnicity and gender differences observed in
patients with GC. Therefore, additional GC surveillance
for women, particularly African American females, may
improve patient outcomes.

RESULTS: A total of 285 patients were diagnosed
with GC at LSUHSC-S between 2005 and 2011. African
Americans (181 patients, 89 males and 92 females,
63.5% of total patients) had significantly higher
frequencies of GC diagnosis compared with non-Hispanic
whites (104 patients, 54 males and 50 females, 36.5%
of total patients), at a ratio of 1.74 (P = 0.002). Within
each ethnic group, men and women were diagnosed at
approximately equal annual rates. Our findings differed
significantly from United States national trends, which
found that African American females and white females
had lower risks for GC than their corresponding male
counterparts. The United States national trend between
2005 and 2011 showed that African Americans males
had a higher incidence of GC, with an annual mean (per
100000) of 16.31 ± 0.76 compared with white males (9
± 0.1, P < 0.001), African American females (8.7 ± 0.34,
P < 0.001) and white females (4.05 ± 0.07, P < 0.001).
Among the GC patients, the number of clinic visits was
highest among African American males (195.1 ± 28.1),
who had significantly more clinic visits than African
Americans females (123 ± 13.02, P < 0.05), white
males (41.57 ± 4.74, P < 0.001) and white females
(35 ± 8.9, P < 0.001). Similar trends were found for
inpatient visits, with an annual mean of 11.43 ± 1.5 for

WJG|www.wjgnet.com

Suryawala K, Soliman D, Mutyala M, Nageeb S, Boktor M, Seth
A, Aravantagi A, Sheth A, Morris J, Jordan P, Manas K, Cvek
U, Trutschl M, Becker F, Alexander J. Gastric cancer in women:
A regional health-center seven year retrospective study. World J
Gastroenterol 2015; 21(25): 7805-7813 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i25/7805.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i25.7805

INTRODUCTION
Over the past 10 years, there have been significant
declines in the incidence and mortality of gastric cancer
(GC) in the United States, most likely due to earlier
detection and treatment of Helicobacter pylori (H.
pylori) infection, as well as decreased consumption
[1,2]
of smoked foods . However, GC remains a leading
cause of morbidity and mortality worldwide; it is ranked
as the fourth most common type of cancer and the
second most common cause of cancer-related deaths
[3,4]
globally . The highest incidence rates of GC are now

7806

July 7, 2015|Volume 21|Issue 25|

Suryawala K et al . Gastric cancer in women
reported in Japan and developing regions of China, the
[5]
Middle East, Central America and South America .
Despite the observed decline in GC incidence in the
United States, it is estimated that in 2014, there will
be 22220 new cases of gastric malignancy, with 13730
(61.8%) of those cases in males and 8490 (38.2%) in
females. The estimated number of total deaths among
males and females will be 10990, with 6720 (61.1%)
[6]
in males and 4270 (38.9%) in females .
Numerous risk factors have been implicated in
the development of GC, including H. pylori infection,
obesity, smoking, diet, atrophic gastritis, ethnicity,
[7-12]
gender and age
. Recent studies have indicated
that male gender is the most significant risk factor
for the development of gastric malignancy in the
United States, with a nearly 2:1 male to female
[3,13]
dominance
. Therefore, male gender appears to
represent a major predictor of GC. Additionally, in a
study of the survival rates of metastatic GC patients,
[14]
Yang et al
showed that male patients had lower
survival rates compared to female patients.
In terms of ethnicity, African Americans (AAs) re
[14]
portedly develop GC at twice the rate of Caucasians .
AAs also had 2 - 6 × greater seropositivity for eight
H. pylori infection markers, including the cytotoxinassociated gene A (CagA) and Vacuolating cytotoxin
A (VacA) virulence factors, suggesting greater
[15]
symptomatology during H. pylori infection . These
observations show that ethnicity, gender, and H. pylori
infection status may cooperate in increasing the risk of
GC.
However, studies on ethnicity and gender influences
on epidemiology can be confounded by uneven
sampling, as well as geographic and socioeconomic
factors. For example, in a previous study at LSUHSC-S
on inflammatory bowel diseases (IBD), we reported
that AAs were diagnosed with IBD at nearly equivalent
annual rates as whites; these values exceeded national
[16]
averages . Because AAs compose 54.7% of the
population in the city of Shreveport and 38.9% of the
population in the Shreveport-Bossier Metropolitan area,
compared to only 13.2% of the national population
(as of 2013), studies on racial contributions to disease
onset and progression at LSUHSC-S may reveal
important trends that are not readily observed in large,
[17,18]
homogeneous demographic studies
. Therefore,
to better evaluate racial and gender influences on GC
diagnoses in a patient population with an equivalent
representation of AAs and whites, from 2005 to 2011,
this study examined annual GC diagnoses as a function
of gender, ethnicity, age and H. pylori infection status
at LSUHSC-S, a tertiary care public health hospital.
Lastly, clinic and inpatient were evaluated as possible
[18]
“surrogate markers” of disease severity .
We found that at LSUHSC-S, the annual GC diag
nosis rates among women in either racial group (nonHispanic Caucasians and African-American) were
statistically indistinguishable from those of their male
counterparts (in each respective ethnic group), unlike
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United States national averages (i.e., males in each
ethnic group had a significantly higher incidence of
GC). Therefore, regional geography and socioeconomic
factors may contribute to the ethnicity and gender
differences observed in GC, and additional GC
surveillance for women, particularly African American
females, may improve their outcomes.

MATERIALS AND METHODS
This retrospective analysis included de-identified
patients in the INVISION database at LSUHSC-S from
2005 to 2011. Inpatient, day-surgery outpatient,
and emergency outpatient diagnostic codes were
extracted from medical records, and all codes
represented conclusive diagnoses. Individuals with
a primary diagnosis of GC were selected using the
international statistical classification of diseases 9
(ICD-9) code 151.0-151.9, encoding for malignant
neoplasm of the stomach at an unspecified site. H.
pylori infected individuals were identified using the
ICD-9 code 41.86 [primary diagnosis code for H.
pylori infection, diagnosed by tissue biopsies with
subsequent testing for Campylobacter-like organism
(CLO), immunohistochemical detection, or urea breath,
stool, urine, saliva or serum antigen testing]. For each
study year, de-identified patient ages, ethnicity, and
gender were evaluated, and each patient was counted
once in the study. Subsequent individual de-identified
patient encounters were counted as visits and were
further separated by hospital visits and clinic visits. This
study identified 285 patients (Table 1) and evaluated
the following factors: (1) the number of new GC cases
diagnosed in each ethnic [AAs and non-Hispanic Whites
(Ws)] and gender [female (F)] and male (M)] grouping
each year; (2) the number of annual clinic visits per
group; (3) the number of annual hospitalizations
per group; and (4) the annual numbers of H. pylori
diagnoses for each group. Patient gender and ethnicity
were self-identified. According to the United State
Census Bureau report from 2010, Hispanics account
for 4.7% of the total Louisianan population, however,
they account for only for 2.5% of the total Shreveport
population (vs 41.2% Ws, 54.7% AAs and 1.3% Asians
in Shreveport). From the 3 million patients investigated
at LSUHSC-S over the seven-year study period, only
2.5% were races other than AAs and Ws, which
allowed us to identify only 3 Hispanic patients who
matched our previously described inclusion criteria for
GC (see above). Therefore, we excluded all 3 Hispanic
patients diagnosed with gastric cancer from our study
protocol because it was not possible to accurately
compare them to Ws and AAs.
Statistical group analysis (see biostatistics state
ment) comparisons were performed using Instat TM
software GraphPad 3.06 (GraphPad Software Inc.,
La Jolla, CA, United States). All comparisons were
performed using one-way ANOVAs, with TukeyKramer Multiple comparisons test or Student-Newman-
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A

Table 1 A total of 285 patients were diagnosed with gastric
cancer between 2005 and 2011

2005
2006
2007
2008
2009
2010
2011
Total

WMs

WFs

AAMs

AAFs

Total

5
5
5
9
8
15
7
54

10
11
3
7
8
4
7
50

10
12
9
13
19
14
12
89

16
10
10
13
12
15
16
92

41
37
27
42
47
48
42
284

Annual patients per group

Year/group

b

5

0

WM

WF

B

Keuls multiple comparisons test (H. pylori diagnosis).
Comparisons were considered statistically significant at
P < 0.05. All statistical data are expressed as the mean
± SE.

US Inc idence rates of gastric
cancer per 10000

The statistical methods of this study were reviewed
by Urska Cvek, Sc.D., MBA, Professor of Computer
Science, Director, Laboratory for Advanced Biomed. Inf.
and Marjan Trutschl, Sc.D., Abe Sadoff Distinguished
Chair in Bioinformatics, Director, Laboratory for
Advanced Biomed. Inf. Professor of Computer Science.

AAF

d
d

15

d

10

5

0

RESULTS

AAM

d

20

Statistical analysis

NS

NS

10

Patient numbers are presented per year and grouped by sex and ethnicity.
WMs: Non-Hispanic white males; WFs: Non-Hispanic white females;
AAMs: African American males; AAFs: African American females.

WM

WF

AAM

AAF

Figure 1 Gastric cancer at Louisiana State University Health Sciences
Center-Shreveport: Influence of ethnicity and gender. A: The average
individual number of patients (per group) treated annually for gastric cancer
is highest in AAs. There were significantly more AAFs than WFs (bP < 0.01),
and AAMs had more annual gastric cancer diagnoses than WMs (aP < 0.05).
The number of WMs was not significantly different from that of WFs; and the
number of AAMs was not significantly different from that of AAFs; B: National
trends in gastric cancer - Influence of ethnicity and gender. AAMs had more
annual gastric cancer diagnoses than AAFs (dP < 0.001) and WMs (dP < 0.001).
AAFs had more annual gastric cancer diagnoses than WFs (dP < 0.001). WMs
had more annual gastric cancer diagnoses than WFs ( dP < 0.001). WMs:
Non-Hispanic white males; WFs: Non-Hispanic white females; AAMs: African
American males; AAFs: African American females; NS: Not significant.

Patient data were collected to calculate the annual
number of GC cases diagnosed in different population
groups. During the study period (2005 to 2011), we
identified 285 patients who were diagnosed with GC at
LSUHSC-S. We found a total of 181 AA (63.5% of the
total number of patients, 89 males and 92 females)
and 104 W (36.5% of total patients, 54 males and
50 females) patients who were newly diagnosed with
GC. While there was a significant difference between
AA and W ethnicities in terms of the annual number
of individuals diagnosed with GC, gender did not
influence the frequency of GC diagnoses within the
racial groups. That is, women in both racial groups
were diagnosed at approximately equal proportions as
their male counterparts.

National trends in GC-influence of ethnicity and gender

We used the United States national trends for GC
incidence from 2005 to 2011, as shown in (Figure 1B),
as a scale for our results, which reflect diagnoses per
100000 individuals. The national GC incidence (2005
to 2011) was greater among AAMs (mean of 16.3 ±
0.76) than AAFs (8.67 ± 0.34, P < 0.001), WMs (9 ±
0.1, P < 0.001) and WFs (4.05 ± 0.07, P < 0.001).
Furthermore, WMs had a higher GC incidence than
WFs (P < 0.001). AAFs also showed a statistically
significant higher proportion of GC diagnoses than WFs
(P < 0.001).

Local trends in GC-influence of ethnicity and gender

As a group, AAs had significantly more annual diag
noses of GC than whites (P < 0.0002), a ratio of 1:1.74
(Ws:AAs). AAMs and African American females (AAFs)
at LSUHSC-S had nearly equal annual proportions of
GC (Figure 1A). AAFs had 13.14 ± 0.99 annual GC
diagnoses, which was not significantly different from
AAMs, who had 12.71 ± 1.23 annual diagnoses. AAFs
had significantly higher annual rates of GC diagnoses
than either WMs (7.71 ± 1.39, P < 0.05) or WFs (7.14
± 1.1, P < 0.01), who developed GC at equivalent
rates.
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Clinic visits as "surrogate markers" of disease activity

There were 2763 total clinic visits at LSUHSC-S for
patients who received a primary GC diagnosis from
2005 to 2011. There were 181 AA patients, repre-
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2005
2006
2007
2008
2009
2010
2011
Total

WMs

WFs

AAMs

AAFs

Total

53
48
22
29
51
52
36
291

10
23
67
66
41
17
21
245

60
222
181
201
298
162
242
1366

108
148
106
78
148
98
175
861

231
441
376
374
538
329
474
2763

Annual inpatient numbers per group

Year/group

Clinical vistits per individual per group

NS

15

5

5

0

WM

WF

AAM

AAF

Figure 2 Annual gastric cancer patients’ clinic visits per person. AAMs
had a higher annual average of clinic visits than WMs (aP < 0.05). The number
of AAMs was not significantly different from that of AAFs, and the number of
WFs was not significantly different from that of WMs. WMs: Non-Hispanic white
males; AAMs: African American males; AAFs: African American females; NS:
Not significant.

WM

WF

AAM

AAF

Age at diagnosis in different ethnic groups at LSUHSC-S

In addition to evaluating the influence of ethnicity and
gender on GC, we also studied the influence of age on
the frequency with which GC is diagnosed. We divided
GC patients into individuals younger than 50 years of
age (Figure 4) and individuals 50 years of age or older
at the time of diagnosis. Although the average age of
diagnosis for gastric cancer is 69, we divided the age
groups at 50 years because of variations in trends that
were observed. During the 7-year study period, among
the 285 patients studied, 71 patients were younger
than 50 years of age, and 214 patients were 50 years
of age or older. The annual mean percentages of
patients younger than 50 years of age diagnosed with
GC were 48.46% ± 5.2% for AAFs, 21.6% ± 3.6%
for AAMs, 16.44% ± 2.5% for WFs and 13.48% ±
4.2% for WMs. For the patients younger than 50 years
of age, AAFs had significantly more GC diagnoses
than AAMs (P < 0.001), WFs (P < 0.001) and WMs
(P < 0.001). Our data revealed that AAFs showed
an apparent earlier onset of GC compared to other
groups. In contrast, the annual mean percentages for
GC patients (primarily diagnosed at 50 years of age

senting 63.5% of the total number of patients
studied, while 104 patients were Ws, representing the
remaining 36.5% (Table 2). AAMs had the greatest
number of clinic visits (annual mean of 195.1 ± 28.1),
and they had signi-ficantly more clinic visits than AAFs
(123 ± 13.02, P < 0.05), WMs (41.57 ± 4.74, P <
0.001) and WFs (35 ± 8.9, P < 0.001), corresponding
to an average of 394.7 ± 38.2 visits annually. AAMs
had a signifi-cantly greater number of annual clinic
visits (15.36 ± 1.94) than WMs (6.12 ± 1.11, P < 0.05)
or WFs (6.75 ± 2.8, P < 0.05) (Figure 2). Although not
significant, AAMs also had more annual clinic visits per
individual than AAFs (9.71 ± 1.27). Because AAMs had
the highest number of annual clinic visits as a group
(approximately 2.54 × more visits than WMs, 2.27
× more visits than WFs and 1.58 × more visits than
AAFs), they may either seek or require more medical
attention to manage their disease.

Inpatient visits as "surrogate markers" of disease
activity

Similar trends were also found when examining in

WJG|www.wjgnet.com

NS

patient visits for patients with a primary diagnosis
of GC at LSUHSC-S between 2005 and 2011 (Figure
3). AAMs again had the highest number of annual
inpatient visits (11.43 ± 1.5 visits per year), followed
by AAFs, who had 7.29 ± 1.36 visits per year. WMs
averaged 2.57 ± 0.69 visits per year, and WFs
averaged 1.57± 0.612 visits per year. AAMs were
again noted to have statistically more inpatient visits
compared to WMs and WFs (both P < 0.001), however,
there was no statistical significance between AAMs and
AAFs. These findings in AAMs may indicate a more
complex course of management that requires more
frequent hospitalization.

NS

10

NS

Figure 3 Annual gastric cancer inpatient visits per patient visits. AAMs
had more annual inpatient visits than WMs ( dP < 0.001). AAFs had more
annual inpatient visits than WFs (bP < 0.01). The number of AAM visits was
not significantly different from the number of AAF visits; and the number of
WF visits was not significantly different from the number of WM visits. WFs:
Non-Hispanic white females; AAMs: African American males; AAFs: African
American females.

NS
a

d

10

0
The patient numbers are presented per year and grouped by sex and
ethnicity. WMs: Non-Hispanic white males; WFs: Non-Hispanic white
females; AAMs: African American males; AAFs: African American females.

20

b

15

Table 2 A total of 2763 clinic visits for patients with the
primary diagnosis of gastric cancer were identified between
2005 and 2011
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d
d

40

NS
20

0

a

WF

AAM

AAF

a
5

WM

WF

AAM

AAF

Figure 5 Annual Helicobacter pylori infection diagnoses. AAFs had more
annual H. pylori infection diagnoses than either AAMs (aP < 0.05) or WFs (aP <
0.05). AAMs had more annual H. pylori diagnoses than WMs (aP < 0.05). WFs
had more annual H. pylori diagnoses than WMs (aP < 0.05). Helicobacter pylori:
H. pylori.

Figure 4 Gastric cancer patients younger than 50 years of age. AAFs had
more gastric cancer diagnoses than AAMs (dP < 0.001), WFs (dP < 0.001) and
WMs (dP < 0.001). AAMs: African American males; AAFs: African American
females; GC: Gastric cancer.

and older) were comparable between genders within
each ethnic group, with 35.1% ± 3.1% for AAMs,
27.35% ± 2.2% for AAFs, 17.8% ± 3.34% for WFs
and 19.8% ± 3.5% for WMs. AAMs had significantly
more GC diagnoses than both WMs (P < 0.01) and
WFs (P < 0.01).

habits, access to health care, local environmental and
geographic influences, and regional H. pylori infection
[20,21]
epidemiology
. Our results parallel reported United
States national trends in terms of the overall influence
of ethnicity, and they appear to be consistent with AA
ancestry as a significant risk for the development of GC.
However, when ethnicity is considered as a risk factor
for the development of GC, it is absolutely important
and necessary to state that the observed trends in
AAs and Ws are more likely to reflect socioeconomic
disproportions (imbalances in work, wealth, income,
education, housing and standard of living) rather than
biological differences associated with the respective
ethnicity. Although recent evidence in the state of
Louisiana has linked AA related polymorphisms in the
IL-1b gene (particularly the IL1B+3954T allele) with
pre-cancerous atrophic gastritis and advanced gastric
premalignant lesions, their roles in the epidemiology of
GC are only now emerging, and they may still not fully
explain the substantial differences in incidences among
different ethnic groups within our region compared
[22,23]
to United States national trends
. In comparison,
socioeconomic factors are well established in the
development of GC and are extensively considered in
the following discussion. As described above, additional
factors that are believed to be more relevant than the
respective ethnic group are barriers to sufficient cancer
prevention, early detection, and treatment services,
all of which are most likely to significantly impact the
reported data in our study.
In the United States, AAs still have significantly
lower incomes compared to whites, and socioeconomic
disparities remain an important potential factor
contributing to their higher proportions of observed
[24]
GC diagnoses . Low socioeconomic status may also
represent an important obstacle towards seeking
medical care for AAs. The affordable CARE ACT of 2014
may improve public access to healthcare in the future.
However, our study is less likely to be influenced

H. pylori infection as a “surrogate marker” for GC risk

We also used the primary diagnosis of H. pylori
infection as a “surrogate marker” of additional risk for
GC (Figure 5). Strikingly, AAFs had significantly more
H. pylori infection primary diagnoses (65) compared
to other groups (36 for AAMs, 32 for WFs, and 7
for WMs). AAFs had more annual H. pylori infection
diagnoses (9.29 ± 1) than both AAMs (5.14 ± 1.01, P
< 0.05) and WFs (4.6 ± 0.9, P < 0.05). WMs had only
1 ± 0.31 H. pylori infections diagnoses annually, which
were significantly fewer, compared to AAMs (P < 0.05).
Therefore, because H. pylori infection is known to be
a risk factor for GC, it is possible that AAFs have some
increased risk because of their higher proportion of H.
pylori infection diagnoses compared with other groups.
It is unclear whether the relatively higher proportion of
H. pylori diagnoses in WFs relative to WMs may help
to explain the higher apparent increased risk of GC
diagnosis in WFs in our study.

DISCUSSION
In this retrospective study of GC patients at LSUHSC-S,
there was a significant difference in the number of
GC diagnoses between African American and white
[19]
patients. Accordingly Horner et al
reported that in
the United States, AAs develop GC at approximately
twice the rate of white population. Previous studies
have identified numerous risk factors, which might
be involved in the increased incidence of gastric
malignancy in AA populations, including heritable risk,
as well as socioeconomic status, dietary and smoking
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by this bias, as LSUHSC-S provides equal access to
healthcare regardless of the ability to pay.
[2]
A meta-analysis by Wang et al showed that
H. pylori infection is strongly associated with early
GC. Although, the prevalence of H. pylori infection
in the United States is approximately 30%, AA popu
lations have a higher prevalence that approaches
[25]
50%-60% . Interestingly, AAFs accounted for 48%
of the total H. pylori infection-diagnosed patients
compared to 24% for AAMs, 23% for WFs and 5% for
WMs. AAFs had statistically higher proportions of H.
pylori infection diagnoses than AAMs (P < 0.05) or WFs
(P < 0.05). Similarly, Graham and Malaty found that
the prevalence of H. pylori infection was higher in AAs
[21]
(70%) compared to Ws (34%) . This percentage did
not change after adjusting the data for gender, and it
remained closely correlated with low socioeconomic
[20]
standards . Similarly, in our study, AAs represented
69.6% ± 6.1% of the total H. pylori infected individuals
compared to 26.3% ± 6.1% for whites. Between 2005
and 2011, AAFs had the highest proportion of H. pylori
infections annually. WFs had a higher number of H.
pylori infections diagnoses than WMs, although this
finding was not statistically significant. This may help to
explain the high number of GC diagnoses observed in
WFs in our area, which is significantly higher than the
United States national average.
In our study, females (of both ethnicities) appear
to have almost equal diagnoses as their corresponding
male counterparts and, thus, have higher risks for
stomach cancer than what was expected based on
the United States national average. Importantly, the
numbers of AAFs with GC in our study appears to
occur at approximately twice the proportion of the
national average. Furthermore, WFs in our study also
showed a higher proportion of GC diagnoses than
what would be anticipated from the reported United
States national averages. Several possible reasons
might contribute to these findings. At LSUHSC-S, AAFs
were found to have the highest proportion of GC in our
study, nearly the same as AAMs. AAFs had the highest
mean percentage of GC (32.6% ± 2.1%), followed by
AAMs (31.2% ± 1.9%), WMs (18.6% ± 2.4%) and
WFs (17.6% ± 2.7%). By comparison, AAFs nationally
had a lower GC incidence compared to AAMs, and
the higher proportion of male cases was also found
in whites. In 2009, in a national examination of
new GC cases (per 100000 in the United States),
AAMs and AAFs had incidence rates of 15.1 and 8.8,
respectively, compared to 8.7 and 3.7 for WMs and
[19]
WFs, respectively . The United States national
incidence of GC in AAFs was noted to be approximately
half of that in AAMs. In our study, however, AAFs were
found to have strikingly higher proportions, nearly
double that which was anticipated from national
averages and nearly equal to that of AAM. AAFs may
be at higher risk of having more advanced GC and
having poor prognoses at the time of diagnosis due
to poor surveillance. Early onset GC in AAFs in our
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region could reflect an amalgamation of several risk
factors. Combined with other factors, including lack of
medical care access and higher incidence of H. pylori
infections, AAFs may represent the group with the
highest combined risks. The high proportion of AAFs
diagnosed with H. pylori infections might be related
to the apparent early onset of GC in AAFs observed in
our study. WFs in our study also showed a higher risk
for GC than that which would be anticipated based
on United States national averages, but AAFs had the
highest overall proportions, which could reflect lower
socioeconomic, educational, occupational and medical
care access for women of both ethnicities in this lower
income southern United States region.
Because of the high proportions of AAs (58.4%)
and women (61.8%) in our study, our data may have
more accurate samplings of these groups, and our data
support regional differences in the GC risk for women.
In addition, because our study involved the population
in North Louisiana, we were able to determine dif
ferent trends in AAs and Ws, thereby eliminating the
common problem of an unequal distribution of these
ethnic groups within mixed populations. This biasing
factor might lead to underestimated risk stratifications
within diverse and uneven distributed ethnic societies.
Thus, our regional study demonstrates gastric cancer
trends within a nearly equally distributed population of
African Americans and Whites and could lead to more
specific risk stratification for even small ethnic groups
in global populations.
It is unclear exactly what accounts for the higher
proportions of GC among women of both ethnicities
at LSUHSC-S. Relatively lower socioeconomic status,
geographic location as well as high rates of H. pylori,
and possibly high body mass index may influence
the development of GC, but these factors cannot fully
explain the observed increased incidence of GC in
females of both ethnicities.
In conclusion, Over the past three decades, there
has been a significant decline in both the incidence
and mortality of GC within the United States, where
the incidence rates decreased by 1.7% and 0.8% for
men and women, respectively, between 1992 and
[26,27]
2010
. In this study, however, our data suggest
that women in the Northwest Louisiana metropolitan/
Shreveport area may be at significantly higher risk,
as demonstrated by the increased diagnoses of GC
among women of both ethnicities, as well as in the
AA populations, compared to United States national
averages. The apparent earlier onset of GC seen in
AAFs should also be studied more extensively.
Although male gender is a well-established risk
factor for GC (and demonstrated in United States
national studies), in our region, women have higher
overall rates of GC, equal to those of men. While there
is a high frequency of H. pylori infections in AAFs at our
institution, which might help to explain the equivalent
numbers of annual male and female GC patients in our
AA population, H. pylori infection is (comparatively)
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less frequently observed in whites. Therefore, the
factors responsible for the increased GC proportion
observed in WFs remain unclear.
Our study population evaluated patients in North
Louisiana; therefore, we were able to determine
different trends in AAs and Ws, thereby eliminating the
common problem of an unequal distribution of these
ethnic groups within mixed populations. This biasing
factor might lead to underestimated risk stratifica
tions within diverse and uneven distributed ethnical
societies. Thus, our regional study, demonstrates
gastric cancer trends within a nearly equally distributed
African American and White population, and it could
lead to more specific risk stratification of even small
ethnic groups in global populations.
Thus, it is imperative that greater efforts and re
sources be directed towards improving the healthcare
of those individuals at higher risk, including earlier and
more advanced screening, smoking education, diet,
and weight control, successful eradication of H. pylori
infections and availability of medical care. These risk
factors are known to confer risk for GC. Guidelines
for screening “at risk” groups should be changed to
include younger individuals, particularly AAFs. More
in depth studies should be performed to investigate
interactions between the synergistic risk factors that
lead to these findings.

In this descriptive/comparative health disparity study, the authors analyzed GC
diagnoses (in terms of gender and ethnicity) at a southern regional hospital. The
results are interesting and suggest that regional studies may reveal important
health care risks that can guide surveillance policies for GC.
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Abstract

Supported by Grant from the National Scientific Research Fund,
OTKA K101435 and K108548.

AIM: To investigate whether expression of selected
miRNAs obtained from fibrotic liver biopsies correlate
with fibrosis stage.

Ethics approval: This study was reviewed and approved by the
review board, Scientific Ethical Committee of the Health Care
Scientific Council, Budapest, Hungary, permission number:
45727-2/2013/EKU(545/2013).

METHODS: Altogether, 52 patients were enrolled in
the study representing various etiologic backgrounds of
fibrosis: 24 cases with chronic hepatitis infections (types
B, C), 19 with autoimmune liver diseases (autoimmune
hepatitis, primary biliary cirrhosis, primary sclerosing
cholangitis, overlapping syndrome cases), and 9 of mixed
etiology (alcoholic and nonalcoholic steatosis, cryptogenic
cases). Severity of fibrosis was determined by both
histologic staging using the METAVIR scoring system
and noninvasive transient elastography. Following RNA
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isolation, expression levels of miR-21, miR-122, miR-214,
miR-221, miR-222, and miR-224 were determined
using TaqMan MicroRNA Assays applying miR-140
as the reference. Selection of miRNAs was based on
their characteristic up- or downregulation observed in
hepatocellular carcinoma. Relative expression of miRNAs
was correlated with fibrosis stage and liver stiffness (LS)
value measured by transient elastography, as well as with
serum alanine aminotransferase (ALT) level.

INTRODUCTION
Hepatic fibrosis develops as a wound-healing response
of the liver to cellular injury, reflecting the balance
[1]
between liver repair and scar formation . Upon
injury, the activated hepatic stellate cells (HSC)
undergo transition into proliferative, profibrogenic,
contractile myofibroblasts, which are responsible
for the excess deposition of the extracellular matrix
[2,3]
(ECM) . The eventual structural abnormalities, which
result from the histologic rearrangement of various
types of collagens, proteoglycans, and structural
[2,4-7]
glycoproteins and the excess deposition of ECM
cause increased liver stiffness (LS). When injury
persists, fibrosis may advance into cirrhosis-the most
severe stage, which may then further progress into
[1,2,8]
hepatocellular carcinoma (HCC)
. Liver fibrosis is
caused by diverse etiologies that include alcoholic and
nonalcoholic steatohepatitis, chronic viral hepatitis,
[1,4,9]
autoimmune disorders, and toxins
.
Liver biopsy is the gold standard method for
the identification of hepatic fibrosis. As this proce
dure is invasive, painful, and carries the risk of com
[10-12]
plications
, other alternatives have been developed,
such as noninvasive transient elastography (TE),
serum-based aspartate aminotransferase-to-platelet
[13,14]
ratio index, and Fibrotest
. TE is an ultrasoundbased examination method that measures the fibrosisrelated rigidity of the liver tissue, with the velocity of
the share wave being directly related to LS, expressed
[15]
as the LS value . Using this method, the progress of
fibrosis and early asymptotic cirrhosis can be assessed
with high sensitivity and specificity. However, not all
information needed for the diagnosis of fibrosis can be
obtained from TE examination, such as the histologic
liver conditions, including necroinflammation.
MicroRNAs (miRNA) are short regulating RNA
molecules that interfere with gene expression at
the posttranscriptional level by way of inducing
translational arrest, which in turn leads to reduced
[3]
or prevented protein synthesis . As a result of this
negative modulating function, miRNAs fine-tune
the expression of genes involved predominantly in
normal cellular processes, such as development,
[16]
differentiation, and proliferation . Deregulated miRNA
expression in comparison to normal state has been
[17,18]
found in many disorders, including liver diseases
.
In hepatic fibrosis, the members of the miR-27,
miR-29, and miR-19 families have been reported to
[5,7,8,19]
show altered expression
. These miRNAs either
hinder the expression of various ECM components
(miR-29) or regulate the signal transduction pathways
[6,8,20]
connected to fibrosis (miR-29)
or the resting state
[21]
of HSCs (miR-27) .
It has been suggested that an imbalance in the
normal miRNA pattern can be measured long before
[22]
the onset of a disease . Therefore, in the present

RESULTS: The expression of individual miRNAs showed
deregulated patterns in stages F1-F4 as compared
with stage F0, but only the reduced level of miR-122 in
stage F4 was statistically significant (P < 0.04). When
analyzing miRNA expression in relation to fibrosis, levels
of miR-122 and miR-221 showed negative correlations
with fibrosis stage, and miR-122 was found to correlate
negatively and miR-224 positively with LS values (all P
< 0.05). ALT levels displayed a positive correlation with
miR-21 (P < 0.04). Negative correlations were observed
in the fibrosis samples of mixed etiology between
miR-122 and fibrosis stage and LS values (P < 0.05),
and in the samples of chronic viral hepatitis, between
miR-221 and fibrosis stage (P < 0.01), whereas miR-21
showed positive correlation with ALT values in the
samples of autoimmune liver diseases (P < 0.03). The
results also revealed a strong correlation between
fibrosis stage and LS values (P < 0.01) when etiology
of fibrosis was not taken into account.
CONCLUSION: Reduced expression of miR-122 in
advanced fibrosis and its correlation with fibrosis stage
and LS values seem to be characteristic of hepatic
fibrosis of various etiologies.
Key words: Expression; FibroScan; Liver fibrosis; METAVIR;
microRNA; miR-122
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, the expression of selected
miRNAs was determined in fibrotic liver tissues of
various etiologic backgrounds and was correlated with
fibrosis stage (METAVIR scores) and liver stiffness
as measured by transient elastography. In advanced
fibrosis, the level of miR-122 was reduced and showed
negative correlations with fibrosis stage and liver
stiffness values, indicating that it could be a useful
molecule to assess severity of fibrosis regardless of
etiology.
Halász T, Horváth G, Pár G, Werling K, Kiss A, Schaff Z,
Lendvai G. miR-122 negatively correlates with liver fibrosis
as detected by histology and FibroScan. World J Gastroenterol
2015; 21(25): 7814-7823 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i25/7814.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7814
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Table 1 Clinicopathologic data of patients with liver fibrosis of various etiologies
Etiology

No. of cases

Etiology subgroups
(n )

Autoimmune

19

Chronic viral

24

AIH (8)1
PBC (6)
PSC (2)
AIH/PBC (2)
AIH/PSC (1)
HCV (22)
HBV (2)

Mixed etiology

Total

9

ALD (1)
NAFLD (2)
Cryptogenic (6)

52

-

2

Fibrosis stage
(n )
F0 (1)1
F1 (3)
F2 (4)
F3 (9)
F4 (2)
F0 (3)
F1 (4)
F2 (4)
F3 (11)
F4 (2)
F0 (1)
F1 (2)
F2 (3)
F3 (1)
F4 (2)
F0 (5)
F1 (9)
F2 (11)
F3 (21)
F4 (6)

LS level (kPa)

ALT level (U/L)

HAI

6.1
5.3-7.6
5.1-8.8
5.5-17.1
20.6 - 45.7
4.6-5.3
3.8-6.8
5.4-7.6
5.6-20.4
18.0-26.3
4.9
3.7-4.1
5.3-11.9
45
75
4.6-6.1
3.7-7.6
5.1-11.9
5.5-45.0
18.0-75.0

452
20-904
20-368
17-558
26-83
14-125
12-35
20-88
12-257
60-108
71
252-272
13-101
12
23-32
14-452
12-904
13-368
12-558
23-108

5
0-4
0-6
0-12
0-4
3-6
2-6
3-4
0-8
0-10
0
0
0
0
0
0-6
0-6
0-6
0-12
0-10

1

Number of patients included in the subgroup; 2METAVIR. LS: Liver stiffness; ALT: Alanine aminotransferase; HAI: Histologic activity index; AIH:
Autoimmune hepatitis; PBC: Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis; HCV: Hepatitis C virus; HBV: Hepatitis B virus; ALD: Alcoholic
liver disease; NAFLD: Nonalcoholic fatty liver disease.

study, the relative expression levels of selected miRNAs
that are characteristically up- or downregulated in
[23]
HCC in comparison to non-tumorous liver tissue
were determined in hepatic fibrosis samples of various
etiologies. We wished to find out the degree to which
these levels were altered in fibrosis and how they
correlated with fibrosis stage (analyzed by histology
and METAVIR scoring system) and LS values (measured
by TE), as well as with serum alanine aminotransferase
(ALT) levels.

B virus (HBV) infections; 19 autoimmune cases,
including 8 autoimmune hepatitis (AIH), 6 primary
biliary cirrhosis (PBC), 2 primary sclerosing cholangitis
(PSC), and 3 overlapping syndrome cases (AIH/PBC
and AIH/PSC); 9 cases of mixed etiology, including 1
case of alcoholic and 2 of nonalcoholic liver diseases
(ALD and NAFLD, respectively) and 6 cryptogenic
cases (Table 1). Accordingly, three sample groups were
formed for analysis: autoimmune (AIH, PBC, PSC,
and overlaps), chronic viral hepatitis (HCV, HBV), and
mixed etiology (ALD, NAFLD, cryptogenic).

MATERIALS AND METHODS

Histology

Patients characteristics

Biopsy samples were processed according to routine
pathology procedures. In brief, the small, 1-3-cm long
samples were submerged in 10% neutral buffered
formalin (in PBS, pH 7.0) and fixed for 24 h at room
temperature. Following dehydration in a series of
ethanols and xylene, the formalin-fixed samples were
embedded in paraffin (FFPE samples). These samples
were cut into 3-4-μm thick sections and stained with
hematoxylin-eosin and picrosyrius red to highlight the
connective tissue.

Biopsy samples of 52 patients were selected from the
archives of the First Department of Internal Medicine
at the University of Pécs, the Hepatology Center
Buda in Budapest and the Second Department of
Pathology at the Semmelweis University, Budapest.
Selection was based on two criteria: diagnosis of
histologically confirmed chronic, diffuse liver disease
and LS measurement with intervals no longer than 3
mo between the two examinations. Permission for the
retrospective analysis of the samples was obtained
from the local Ethical Committee (45727-2/2013/EKU)
based on the ethical guidelines of the 1975 Declaration
of Helsinki. Patients were aged between 15 and 67
years with an average of 45.18 years. The female/
male ratio was 35/17. ALT serum values were also
recorded at the time of liver biopsy.
The cases were selected to represent the diverse
etiology of fibrosis: 24 cases of chronic viral hepatitis,
including 22 hepatitis C virus (HCV) and 2 hepatitis

WJG|www.wjgnet.com

Determination of fibrosis

Histologic staging and TE examination were applied to
determine the severity of fibrosis. Histologic staging
was performed by two pathologists using the METAVIR
scoring system from stages F0 to F4, with stage
F0 indicating no fibrosis and stage F4 representing
[24]
cirrhosis . The noninvasive TE was carried out using
FibroScan 502 (Echosens, Paris, France), with low LS
values reflecting no or mild fibrosis and high LS values
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of variance and median test using STATISTICA software,
version 9.1 (StatSoft Inc., Tulsa, OK, United States).
Correlation analyses between miRNA expression and
fibrosis stage, LS values, and ALT levels were performed
with a nonparametric Spearman rank order correlation
using GraphPad PRISM software, version 5.01 (GraphPad
Software Inc, La Jolla, CA, United States). A P value of
0.05 was set as the threshold for statistical significance.
The statistical methods of this study were reviewed
by Istvan Kenessey from the Second Department of
Pathology, Semmelweis University.

Liver stiffness (kPa)

80

60

40

20

0
0

1

2

3

4

RESULTS

Fibrosis stage

Determination of fibrosis

Figure 1 Correlation between fibrosis stage and liver stiffness measured
by transient elastography. r = 0.8; P < 0.01.

The METAVIR scoring system allowed an unambiguous
determination of fibrosis stages in each tissue sample.
In contrast, the noninvasive LS measurement showed
a wide range of values and when matched with the
corresponding METAVIR stages, an overlap between
the neighboring ranges was observable (Table 1). This
was predominantly manifested in cases of LS value
ranges that corresponded to fibrosis stages F0-F3. In
addition, the LS value ranges showed slight variances
between the various etiology groups. Yet, a highly
significant correlation was found between the gradually
increasing LS values and fibrosis stage (r = 0.8; P <
0.01), as presented in Figure 1.

implying advanced fibrosis or cirrhosis. The elapsed
time between date of histologic sampling and date of
LS measurement was a maximum of 3 mo, with an
average of 1.5 mo.

RNA isolation

RNA was isolated from several 3-4-μm thick sections
using the RNeasy FFPE Kit (Qiagen, Venlo, Netherlands)
according to the manufacturer’s instructions with
[25]
modifications for copurification of miRNAs . Traces
of genomic DNA were eliminated using Turbo DNase
digestion (Ambion, Austin, TX, United States).

Expression of individual miRNAs in relation to METAVIR
stage

Reverse transcription and quantitative PCR

Expression of individual miRNAs showed deregulated
patterns in stages F1-F4 in comparison to stage F0, but
the observed differences, except for one case, did not
reach the set threshold for statistical significance. The
exception was miR-122, in which case the expression
in stage F4 was decreased as compared with stage
F0 (P < 0.04) (Figure 2). The expression differences
were close to reaching a statistical significance in two
cases: miR-122 between stages F1 and F4 (P = 0.06)
and miR-214 between stages F2 and F4 (P = 0.07).
When looking at the expressional patterns of individual
miRNAs, in general, the levels were lower in stages
F1-F4 in comparison to F0, showing an increasing
tendency in case of miR-214 from F2 to F4, miR-222
from F1 to F4 and miR-224 from F2 to F4 (Figure 2).
Nevertheless, the differences in the three etiologic
groups did not reach the set threshold for statistical
significance.

Expression of individual miRNAs was determined
using the following TaqMan MicroRNA Assays (Life
Technologies of Thermo Fisher Scientific Inc., Waltham,
MA, United States): miR-21 (ID: 000397), miR-122
(ID: 002245), miR-140 (ID: 000462), miR-214
(ID: 002306), miR-221 (ID: 000524), miR-222
(ID: 002276), and miR-224 (ID: 002099). Reverse
transcription (RT) and quantitative (q)PCR were
performed according to the manufacturer’s instructions.
Briefly, RT reaction was carried out using the TaqMan
MicroRNA Reverse Transcription Kit in a final volume
of 7.5 μL containing 10 ng total RNA. The qPCR was
performed using TaqMan Universal PCR Master Mix No
AmpErase UNG in a final volume of 10 μL containing
0.65 μL RT product. The amplification reaction was run
in triplicate on an ABI PRISM 7000 Sequence Detection
System (Applied Biosystems of Thermo Fisher Scientific
Inc.). Relative expression was calculated by the 2
∆∆Cq
formula, applying miR-140 as the most stable
[26]
reference determined by the NormFinder application
and normalized to the median ∆Cq value of F0 liver
samples.

Correlation of miRNA expression with fibrosis and ALT
values

In relation to miRNA expression and fibrosis, miR-122
and miR-221 showed a negative correlation with
METAVIR stage (P < 0.01 and P < 0.03, respectively)
(Figure 3A), and miR-122 was found to correlate
negatively (P < 0.01) and miR-224 positively (P < 0.04)
with LS values (Figure 3B). Furthermore, a positive

Statistical analysis

The differences between fibrosis stages F0-F4 were
analyzed with a nonparametric Kruskal-Wallis analysis
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Log2 relative expression

P < 0.04

F0
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-6
-8
miR-21
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miR-214
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Figure 2 Relative miRNA expression in relation to fibrosis stage, detected in the biopsy samples of various etiologic backgrounds. The level of miR-122 is
reduced in stage F4 as compared with stage F0 (P < 0.04), analyzed using a nonparametric Kruskal-Wallis analysis of variance and median test. The upper dotted
line indicates twofold elevation in expression; the lower dotted line signifies a one-half reduction of expression.

correlation of miR-21 was found between miRNA
expression and ALT levels (P < 0.04) (Figure 3C). A
summary of the correlation analyses is provided in
Table 2. With respect to etiology, miR-122 expression
correlated negatively with fibrosis stage and LS values
(P < 0.02 and P < 0.05, respectively) in the mixed
etiology group, and miR-221 level showed a negative
correlation with fibrosis stage (P < 0.01) in the chronic
viral hepatitis group, whereas a positive correlation
between miR-21 and ALT values (P < 0.03) was found
in the autoimmune group.

an increased proliferation rate that correlates with a
[29]
higher tendency to develop HCC . The miRNAs are
foreseen to be such indicators based on their altered
[7,17]
expression found in liver diseases, fibrosis
, and liver
[23,30]
carcinogenesis
. In addition, deregulated expression
of miRNAs may be present long before the onset of
[22]
a disease . As alterations of miRNA expression in
relation to fibrosis stage have predominantly been
studied in chronic HCV-infected samples, we aimed,
in the present study, to investigate the expression of
fibrosis- and hepatocarcinogenesis-related miRNAs in
hepatic fibrosis samples of various etiologies, and to
correlate the found expression levels with the severity
of fibrosis and serum ALT levels.
Our results reveal a reduced level of miR-122 in
stage F4 fibrosis as compared with stage F0, and
miR-122 showed a negative correlation with fibrosis
stage in fibrotic liver samples and, intriguingly, also with
LS values. These findings are supported by reports of
a negative correlation between miR-122 and fibrosis
stage in chronic HCV infection, HCV-based HCC, and
[31,32]
cirrhosis
, and also by observations of a decreased
[33,34]
[23]
level of miR-122 in NAFLD
and in HCC studies .
miR-122 is a liver-characteristic miRNA that composes
about 70% of the total miRNAs found in normal
[35]
hepatocytes , most probably due to the fact that it
positively regulates the accumulation of cholesterol and
[16]
triglycerides and the metabolism of fatty acids . Thus,
a decreased level of miR-122 in fibrotic liver biopsies
may be interpreted as the result of compromised normal
hepatocytic activity or as the eliminated suppressive
function of miR-122 that hinders fibrogenesis. Namely,
miR-122 has been found to suppress the proliferation of
HSCs, resulting in decreased maturation of collagen by
downregulating the expression of P4HA1, a key enzyme
[36]
in collagen maturation . miR-122 may also impede
[37]
carcinogenesis , as expression of proteins involved

DISCUSSION
The diagnosis of liver fibrosis and the decision on
therapy are important factors in the treatment of
chronic liver diseases, with liver biopsy being the
widely used procedure for the accurate determination
of fibrosis. Owing to certain limitations of liver
biopsy, such as possibility of serious complications,
contradictions, sampling as well as intra- and inter
[12]
observer errors , noninvasive approaches, such
as TE, are available as alternatives. However, the
diagnostic accuracy of TE is not entirely precise over
the measuring range. Although the measured values
increase with fibrosis stage, the method gives excellent
results predominantly from advanced fibrosis (F2) to
early and symptom-free cirrhosis (F4), and performs
with limitations when early stage fibrosis (F0-F1) is
to be determined, and when having to differentiate
[27]
between F2/F3 stadium or in case of obese patients .
Yet, a highly positive correlation between fibrosis stage
and LS values was found in the present study, which is
[28]
supportive of the positive finding reported earlier .
There is a general need to find indicators at the
molecular level to help predict disease progression.
For example, hepatic cirrhosis is characterized by
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Figure 3 Correlation of miRNA expression with fibrosis stage, liver stiffness (measured by transient elastography), and alanine aminotransferase levels. A:
The negative correlation of miR-122 (r = -0.4; P < 0.01) and miR-221 (r = -0.3; P < 0.03) with fibrosis stage; B: The negative correlation of miR-122 (r = -0.4; P < 0.01)
and positive correlation of miR-224 (r = 0.3; P < 0.04) with liver stiffness; C: The positive correlation of miR-21 (r = 0.3; P < 0.04) with serum alanine aminotransferase
(ALT) levels. The upper dotted lines indicate twofold elevation in expression; the lower dotted lines signify a one-half reduction of expression.

in the cell cycle, differentiation, and proliferation is
[38]
downregulated by miR-122 , and loss of miR-122
in HCC is a frequent finding, which correlates with
[39]
migration, invasion and in vivo tumorigenesis . In
association with HCV, miR-122 has been found to
protect viral RNA from exonuclease degradation by
binding at two positions near the 5′ end of the RNA

WJG|www.wjgnet.com

molecule. However, the capacity of this protection
seems to be independent of the promotion of HCV
infectivity, indicating that miR-122 has other unknown
[40]
functions in the viral life cycle . Taken together,
downregulation of miR-122 seems to be both a sensitive
sign of hepatic injury and a possible step on the path
toward liver cancer.
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Indeed, miR-224 expression has been found to correlate
[49]
with fibrosis stage in chronic hepatitis C , and elevated
levels of miR-224 have also been observed in chronic
hepatitis C samples with steatosis and HCV-negative
[50]
steatotic liver biopsies .
It has been reported that miR-21 reduces the
expression of fibrogenesis-related tumor suppressor
genes, such as SMAD-7, the negative regulator
[8,31]
of transforming growth factor-β signaling
, and
proliferation-related PTEN, an inhibitor of the AKT
[51]
pathway . Positive correlation between miR-21 and
fibrosis stage is reported in chronic HCV-infected
[31]
patients and in a CCl4 mouse fibrosis model , and
stimulation of the fibrogenic effect by miR-21 is also
[51]
found in a HSC cell line . In contrast, we did not find
any difference or correlation between miR-21 and
fibrosis stage or LS values in the present study, but
positive correlation of miR-21 with serum ALT values
was clearly visible. In our chronic viral hepatitis group,
this correlation did not reach the set significance level,
which is in partial agreement with data reported in
[31]
chronic hepatitis C patients . In addition, ALT levels
have been found to correlate with serum miR-21 levels
of chronic HCV patients, suggesting that miR-21 is an
indicator of the extent of necroinflammation in the
[52]
liver .
In the present study, the expression of several
hepatocarcinogenesis-related miRNAs was assayed
in fibrotic liver biopsy samples of various etiologies
and correlated with fibrosis stage (measured by
METAVIR) and, to the best of our knowledge, for the
first time, with LS values (measured by TE). Reduced
miR-122 expression was found in advanced fibrosis
as compared with stage F0 and a negative correlation
was observed not only with fibrosis stage, but with
LS values as well. In addition, we detected a positive
correlation between miR-224 and LS values, indicating
the role of this oncomiR in advanced fibrosis, indicating
a link between fibrosis and HCC. Nevertheless, an ideal
staging tool should be able to discriminate not only
between mild and advanced stages of fibrosis, but also
between intermediate stages of fibrosis. Although this
is a reasonable demand, the biologic variances may
result in overlaps between the observed intermediate
values, especially if the intermediate ranges are small.
The main focus of the present study was to analyze
fibrotic samples of different etiologic backgrounds. The
limitation of our analysis is the small sample size in
the various etiologic groups. Therefore, further studies
are warranted in order to reveal whether the observed
miRNA correlations are also characteristic of the
various etiology groups or whether these relationships
are only summed characteristics of the fibrosis samples
by reason of the various etiologies. In conclusion, the
observed negative correlation between fibrosis stage
and LS values in case of miR-122 indicates that this
molecule could be useful in assessing the severity of
fibrosis regardless of etiology.

Table 2 Correlation of miRNA levels with fibrosis stage, liver
stiffness, and alanine aminotransferase values
miRNA

All samples
(n = 52)

Fibrosis stage
miR-122
miR-221
Liver stiffness
miR-122
miR-224
Alanine
aminotransferase
miR-21

Etiology groups
Autoimmune
Viral
Mixed
(n = 19) (n = 24) (n = 9)

r = -0.4
P < 0.01
r = -0.3
P < 0.03

r = -0.3
P < 0.20
r = -0.3
P < 0.20

r = -0.3
P < 0.10
r = -0.5
P < 0.01

r = -0.8
P < 0.02
r = -0.2
P < 0.40

r = -0.4,
P < 0.01
r = 0.3
P < 0.04

r = -0.4
P < 0.09
r = 0.3
P < 0.20

r = -0.2
P < 0.30
r = 0.1
P < 0.70

r = -0.7
P < 0.05
r = 0.6
P < 0.07

r = 0.3
P < 0.04

r = 0.5
P < 0.03

r = 0.4
P < 0.09

r = -0.4
P < 0.30

Increased levels of miR-221, miR-224, and miR-21
have been reported in HCC as these oncomiRs inhibit
[23]
expression of tumor suppressor genes . For example,
downregulation of P27 and P57, as targets of miR-221
and key regulators of cell cycle progression, has
[30,41]
been found to promote cancer cell proliferation
.
Moreover, miR-221 is observed to be increased in
early preneoplastic stage, such as cirrhosis and
[42-44]
steatosis or steatohepatitis
, and is also found to be
overexpressed in a mouse liver-regeneration model,
in which the proliferation of hepatocytes is accele
rated by miR-221 in vitro and in vivo in the presence
of epidermal or hepatocytes growth factors (EGF or
HGF), thereby facilitating a rapid S-phase entry of
[45]
hepatocytes . In HCV and nonalcoholic steatohepatitis
biopsies, miR-221 is observed to increase with fibrosis
stage and to correlate positively with expression
[46]
levels of α1 chain of collagen type Ⅰ . In contrast,
statistical difference in miR-221 expression was not
found in the present study; moreover, fibrosis stage
showed a negative correlation with miR-221 expression
in our samples and the samples of the chronic viral
hepatitis group. An explanation for this could be that
the representations of the F0-F4 cases, as well as the
statistical methods used, were different; furthermore,
the extent of regeneration was possibly different in
the analyzed samples. Another reason could be the
DNA methylation status of the miR-221 locus, as
hypomethylation of this locus was found in HCC that
[47]
contributed to the overexpression of miR-221 .
miR-224 has been described to promote prolife
ration, migration, and invasion in HCC by the activation
of AKT signaling; thus, miR-224 has been suggested to
[48]
play a role in liver carcinogenesis and progression .
With respect to fibrosis stage, the present study did
not reveal any differences or correlations. However, LS
values positively correlated with miR-224 expression,
suggesting that a gradual increase in miR-224 level may
occur in liver tissues prior to malignant transformation.
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Background

Hepatic fibrosis is a wound-healing response of the liver to cellular injury
that is characterized by deposition of collagen fibers and contributes to the
deterioration of normal liver function. When injury persists, fibrosis may advance
into cirrhosis (the most severe stage of fibrosis) and further into hepatocellular
carcinoma. Assessment of the stage of fibrosis is important for diagnosis
and is predominantly based on liver biopsy. Owing to some limitations, other
alternatives have been developed such as transient elastography.

5

Research frontiers

6

The regulatory role of microRNAs (miRNA) is to fine-tune the expression
of genes involved in normal cellular processes, such as development,
differentiation, and proliferation. For this reason, it may not be surprising
that altered miRNA expression can be found in cancers and in several other
pathologies, including liver diseases. Moreover, it has been suggested that an
imbalance in the normal miRNA pattern is measurable long before the onset of
a disease, indicating that miRNAs may be useful molecules in diagnostics.

7
8

Innovations and breakthroughs

There is a need to find indicators that will help predict the progression of
a disease. As miRNAs have been reported to show altered expression in
fibrosis and have also been suggested to play role in liver carcinogenesis,
these molecules may be useful candidates. miRNA expression in relation to
fibrosis stage has predominantly been investigated in chronic hepatitis C virusinfected samples. Therefore, in the current study, the authors investigated
miRNA expression in samples of diverse etiologies, including autoimmune and
chronic viral hepatitis and alcoholic and nonalcoholic liver diseases to find out
whether miRNA levels become altered in fibrosis and whether they could be
correlated with fibrosis stage and liver stiffness values measured by transient
elastography.

9
10
11
12

Applications

The reduced expression of miR-122 observed in stage F4 as compared
with stage F0 and the negative correlation of miR-122 levels with fibrosis
stage and liver stiffness suggest that miR-122 could be a useful molecule to
assess fibrosis regardless of etiology. However, further studies are warranted
with larger sample sizes. Furthermore, the staging tool should also be able
to discriminate between intermediate stages of fibrosis, although biologic
variances themselves may result in overlaps between the intermediate values.

13

Terminology

14

miRNAs are regulating molecules that interfere with gene expression upon
binding to the untranslated regions of mRNAs and induce translational arrest,
the result being reduced or prevented protein synthesis. Transient elastography
is an ultrasound-based examination method for the noninvasive assessment
of liver stiffness in fibrosis, with the value increasing with the advancement of
fibrosis.

15

Peer-review

The novelty of the study is the correlation analysis of transient elastography and
miRNA expression in samples obtained from chronic liver disease of various
etiologies. Although the study examined a limited sample size in each subgroup
of fibrosis-related liver diseases, the presented results are in agreement
with recent reports that support a strong correlation between decrease of
miR-122 levels and severity of fibrosis or increase in liver stiffness. The most
significant finding of the study is that miR-122 levels are altered independent
of the etiologic cause of liver damage. The presented evidences support the
usefulness of miR-122 as an indicator of fibrosis progression.
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Abstract

Ethics approval: The study was a retrospective study, and
every patient had undergone ethoxybenzyl-enhanced magnetic
resonance imaging according to clinical routine.

AIM: To investigate gadolinium-ethoxybenzyldiethylenetriamine-pentaacetic acid (Gd-EOB-DTPA)enhanced magnetic resonance imaging (MRI) of
intraductal papillary mucinous neoplasms of the bile
duct (IPMN-B).

Informed consent statement: Informed written consent was
obtained from all patients.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

METHODS: The imaging findings of five cases of
IPMN-B which were pathologically confirmed at our
hospital between March 2012 and May 2013 were
retrospectively analyzed. Three of these cases were
diagnosed by duodenal endoscopy and biopsy pathology,
and two cases were diagnosed by surgical pathology. All
five patients underwent enhanced and non-enhanced
computed tomography (CT), magnetic resonance
cholangiopancreatography, and Gd-EOB-DTPA-enhanced
MRI; one case underwent both Gd-EOB-DTPA-enhanced
MRI and positron emission tomography-CT. The clinical
data and imaging results for these cases were compared
and are presented.
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biologic behaviors of this bile duct subtype are similar
[1-6]
to IPMNs of the pancreas . IPMN-B originates from
biliary epithelial cells, and can be pathologically defined
as papillary adenoma, papillomatosis, carcinoma in
situ, or invasive adenocarcinoma. Imaging findings
of IPMN-B include: papillary or polypoid growth of
the tumor along the bile duct or serrated inner lining
of the bile duct; expansive and significant dilation
of the bile duct upstream and downstream of the
tumor; or aneurysmal dilation of the bile duct at the
[8-10]
site of the tumor
. However, confirmation of a
diagnosis requires the use of endoscopic retrograde
cholangiopancreatography (ERCP) to determine
[4]
the presence of mucin secreted by the tumor . In
addition, malignant IPMN-Bs can invade the liver and
form a mass, although conventional ultrasonography
(US), computed tomography (CT), and dynamic
enhancement magnetic resonance scans cannot
define the scope of tumor invasion, or distinguish the
[11,12]
accompanying inflammation from the tumor
.
Gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA) is a double-specific
contrast agent that provides enhancement effects
similar to Gd-DTPA in dynamic enhanced scans.
With Gd-EOB-DTPA, 50% of the contrast injection
is absorbed by hepatocytes and drained via the
bile duct in the hepatobiliary phase. Although this
contrast agent has been used for the diagnosis of
[11]
hepatogenic tumor lesions , only two reports (four
cases) describe the use of Gd-EOB-DTPA-enhanced
magnetic resonance imaging (MRI) for the diagnosis
[13,14]
of IPMN-B
. In those reports, Gd-EOB-DTPAenhanced MRI not only revealed the dilated bile duct
and the enhanced tumor tissues within it, but also
confirmed that the filling defect of the bile duct at
the hepatobiliary phase was mucus secreted by the
[13,14]
tumors
, thus demonstrating its unique value for
tumor diagnosis. The present study describes the
application of Gd-EOB-DTPA-enhanced MRI in five
cases of IPMN-B. In addition to displaying the features
of IPMN-Bs, this method reveals the extent of invasion
into the extrahepatic bile duct in malignant cases.
Furthermore, Gd-EOB-DTPA-enhanced MRI can discern
tumor tissue from surrounding inflammation, which
has not previously been reported.

dilatation of bile ducts and multiple intraductal polypoid
and papillary neoplasms or serrated changes along
the bile ducts. In two cases, Gd-EOB-DTPA-enhanced
MRI revealed dilated biliary ducts and intraductal
tumors, as well as filling defects caused by mucin in
the dilated bile ducts in the hepatobiliary phase. GdEOB-DTPA-enhanced MRI in one case clearly showed
a low-signal tumor in the hepatobiliary phase, similar
to what was seen by positron emission tomographyCT. In two patients, routine inspection was unable
to discern whether the lesions were inflammation
or tumors. However, Gd-EOB-DTPA-enhanced MRI
revealed a pattern of gradual enhancement during
the hepatobiliary phase, and the signal intensity of
the lesions was lower than the surrounding liver
parenchyma, suggesting tissue inflammation in both
cases, which were confirmed by surgical pathology.
CONCLUSION: Gd-EOB-DTPA-enhanced MRI reveals
the intraductal mucin component of IPMN-B in some
cases and the extent of tumor infiltration beyond the
bile ducts in invasive cases.
Key words: Gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid; Magnetic resonance imaging; Magnetic
resonance cholangiopancreatography; Multidetector
computed tomography; Bile duct neoplasms
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gadolinium-ethoxybenzyl-diethylenetriaminepentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic
resonance imaging (MRI) can be used to demonstrate
the filling defects due to mucin secreted by intraductal
papillary mucinous neoplasms of the bile duct (IPMN-B)
and to display the extent of tumor infiltration beyond
bile ducts in cases with invasive IPMN-B. It also
has the potential to differentiate tumor tissue from
inflammatory lesions. Therefore, Gd-EOB-DTPAenhanced MRI may improve the clinical management of
IPMN-B.
Ying SH, Teng XD, Wang ZM, Wang QD, Zhao YL, Chen
F, Xiao WB. Gd-EOB-DTPA-enhanced magnetic resonance
imaging for bile duct intraductal papillary mucinous neoplasms.
World J Gastroenterol 2015; 21(25): 7824-7833 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i25/7824.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i25.7824

MATERIALS AND METHODS
Study subjects

Five cases of IPMN-B in our hospital during the period
from March 2012 to May 2013 were retrospectively
analyzed (Table 1). Two cases were confirmed by
surgical pathology. Three cases underwent thickneedle biopsy, and 3-5 pieces of cord-like tissue were
obtained for each case; diagnoses were confirmed by
two senior pathologists.

INTRODUCTION
Intraductal papillary mucinous neoplasms of the bile
duct (IPMN-B) are a subtype of intraductal papillary
neoplasms of the bile duct with macroscopically
[1-7]
visible mucin secretion . The clinical manifestations,
histopathologic features, and immunohistochemical and
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Table 1 Clinical data of five patients with intraductal papillary mucinous neoplasms of the bile duct
No.

Sex

Age
(yr)

History and
symptoms

Laboratory findings
(normal range)

Recurrent upper
abdominal pain with
nausea and vomiting
for 6 mo
Physical examination
revealed liver tumor
Jaundice

No significant
abnormalities

1

Female

59

2

Male

52

3

Female

72

4

Male

66

5

Male

56

CEA: 7.5 ng/mL
(0.0-8.0)
CEA: 9.8 ng/mL
CA199: 715.1 U/mL
(0.0-37.0)
Total bilirubin: 611
mmol/L (0-21)
Jaundice
CEA: 44.0 ng/mL
CA199: > 12000 U/mL
Total bilirubin: 424
mmol/L
8-yr history of liver
CA199: 217.3 U/mL
CRP: 34.5 mg/L
contusion; liver pain
(0.0-8.0)
for 6 mo

Imaging
US

CT + C Gd-DTPA MRI

MRCP

ERCP

PET-CT

Gd-EOB-DTPAenhanced MRI

A

A

NA

A

A

NA

A

A

A

NA

A

A

NA

A

A

A

NA

A

A

NA

A

A

A

NA

A

NA

NA

A

A

A

A

A

NA

A

A

A: Applied; CA: Cancer antigen; CEA: Carcinoembryonic antigen; CRP: C-reactive protein; CT + C: Contrast enhanced-CT; ERCP: Endoscopic
retrograde cholangiopancreatography; Gd-DTPA MRI: Gadolinium-diethylenetriamine pentaacetic acid magnetic resonance imaging; Gd-EOB-DTPAenhanced MRI: Gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid-enhanced magnetic resonance imaging; MRCP: Magnetic resonance
cholangiopancreatography; NA: Not applied; PET: Positron emission tomography; US: Ultrasound.

Hepatic CT examinations

Healthcare) at 0.025 mmol/kg body weight and a
speed of 2 mL/s. Fat suppression T1-weighted threedimensional LAVA was performed 20 min after contrast
injection and the images of the initial hepatobiliary
phase were obtained, and repeated after 42-52 min
for the delayed scans of the hepatobiliary phase. The
image of the hepatobiliary phase was visualized with
maximum intensity projections or multiple planar
reconstructions to observe the filling condition of the
[11,12,15]
intra- and extrahepatic bile ducts
.

CT images were acquired by a 16-slice CT scanner
(Aquilion; Toshiba, Tokyo, Japan) using the following
scan parameters: 120 kV; 250 mA; reconstruction
thickness, 5 mm; layer spacing, 5 mm. CT scans were
obtained before and after intravenous administration
of 80-100 mL contrast agent (300 mg I/mL Ultravist;
Bayer Healthcare, Berlin, Germany) at a speed of 3.0
mL/s. CT scan delays after the injection of contrast
agent were 25-30 s, 65 s, and 120 s for the arterial,
portal venous, and delayed phases, respectively.

US and PET-CT

Hepatic MRI examinations

All US studies were performed using a color ultrasound
(Sequoia 512; Siemens Medical Solutions, Munich,
Germany) with a 1.0- to 4.0-MHz convex probe. One
patient received a whole-body PET/CT scan performed
on an integrated PET/CT scanner (Biograph 16;
Siemens Medical Solutions) after the injection of 350
MBq 18F-FDG.

MRI was performed using a 3.0 T scanner (Signa
HDxt 3.0 T; GE Healthcare, Little Chalfont, United
Kingdom) with a corresponding eight-channel phasearray abdomen coil system. MRI sequences included
axial T2- and diffusion-weighted imaging, magnetic
resonance cholangiopancreatography (MRCP) and
fat suppression T1-weighted three-dimensional liver
acquisition with volume acceleration (LAVA)-enhanced
imaging. The parameters for MRI sequences used in
this study are listed in Table 2.
The LAVA-enhanced MRI was conducted via
bolus i.v. injection of Gd-DPTA (Magnevist; Schering,
Berlin, Germany) at 0.1 mmol/kg body weight and a
speed of 2 mL/s. Pre-contrast and dynamic contrastenhanced multi-phase MRI scans were acquired.
The MRI scan delays were 25-30 s, 85 s, and 180 s
for the arterial, portal venous, and delayed phases,
respectively. The same sequence and parameters
were used for dynamic Gd-EOB-DPTA-enhanced MRI
following a bolus i.v. injection of EOB (Primovist; Bayer

WJG|www.wjgnet.com

RESULTS
General imaging findings

US, CT/MRI, and MRCP depicted extensive intraand extrahepatic bile duct dilatation in cases 1-4,
including upstream and downstream of the tumor and
at the segmental bile duct (Figures 1, 2, 3 and 4). In
contrast-enhanced CT and MRI examinations, multiple
polypoid or papillary tumors which were distributed
along the bile ducts showed mild to medium
enhancement. In case 2, partial right intrahepatic bile
ducts were seen as aneurysm-like dilatations (Figure
2). In case 4, a slightly higher-signal nodule was also
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Table 2 Parameters for magnetic resonance imaging sequences
Sequence
T2WI
DWI (b = 1000)
MRCP
Gd-DTPA-enhanced MRI
Gd-EOB-DTPA-enhanced MRI

TR (ms)

TE (ms)

6000-10000
8000
6000-10000
2.84
2.84

91
65
800
1.34
1.34

Section thickness
(mm)
6
6
2.4
5
5

Gap
(mm)

Matrix size
(pixels)

Flip angle
(degrees)

Field of view
(cm)

2
2
0
0
0

320 × 224
128 × 128
384 × 224
384 × 256
384 × 256

90
90
90
10
10

40 × 32
40 × 32
40 × 32
40 × 32
40 × 32

DWI: Diffusion-weighted imaging; DTPA: Diethylenetriamine pentaacetic acid; EOB: Ethoxybenzyl; Gd: Gadolinium; MRCP: Magnetic resonance
cholangiopancreatography; MRI: Magnetic resonance imaging; T2WI: T2-weighted imaging; TE: Echo time; TR: Repetition time.

A

B

C

D

Figure 1 Fifty-nine-year-old female patient with intraductal papillary mucinous neoplasm of the bile duct (case 1). A: Axial contrast-enhanced computed
tomography in the portal phase; B: Magnetic resonance cholangiopancreatography showed extensive intra- and extrahepatic bile duct dilatation and multiple hydralike protrusions (arrows) in the markedly dilated left intrahepatic bile duct (arrow); C: Endoscopic retrograde cholangiopancreatography showed extensive intra- and
extrahepatic bile duct dilatation, particularly in the left intrahepatic and common bile ducts. Bile ducts in the liver hilar appeared more transparent due to the local
aggregation of mucin (arrow); D: Multiple planar reconstruction of gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid-enhanced magnetic resonance
imaging in the hepatobiliary phase showed dilatation of the bile duct and filling defects in the left intrahepatic and common bile ducts, with a cup-shaped contrast filling
edge (arrows). The filling defects were caused by mucus retention, which was confirmed by endoscopy.

seen at the edge of the dilated left intrahepatic bile
ducts in T2- and diffusion-weighted imaging, which
was enhanced slightly during all three phases of the
contrast-enhanced CT scan (Figure 4). In this case,
the tumor lesions were considered to penetrate into
the liver via the bile duct wall. In case 5, CT/MRI scans
depicted right hepatic atrophy surrounding the right
dilated intrahepatic bile duct (Figure 5). Enhanced
CT and Gd-DPTA-enhanced MRI in both the arterial
and portal venous phases depicted marked, although
ill-defined, patchy enhancement around the dilated
bile duct, which was isodense in the delayed phase.
Positron emission tomography (PET)-CT in case 5
revealed a mass of 6.5 cm × 6.0 cm with high uptake

WJG|www.wjgnet.com

of fluorodeoxyglucose (FDG) around the dilated
bile duct in the posterior segment of the liver (the
maximum standard uptake value was 6.5), indicating
a malignant tumor (Figure 5). Therefore, the tumor in
this patient was considered to be an invasive IPMN-B.

Gd-EOB-DTPA-enhanced MRI

Dilated bile ducts and tumors on the bile duct walls
in the five cases were also observed with plain MRI
and dynamic triple-enhanced EOB scans. In addition,
some specific signs were seen in ≥ 20 min delayed
scans, namely the hepatobiliary phase. Cases 1 and 2
showed irregular columnar filling defects, and the edge
of the contrast reagent appeared in a cupped or half-
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A

B

C

D

Figure 2 Fifty-two-year-old male patient with cystic intraductal papillary mucinous neoplasm of the bile duct (case 2). A: Coronal image of contrast-enhanced
computed tomography; B: Gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid-enhanced magnetic resonance imaging (Gd-EOB-DTPA-enhanced MRI) in
the portal venous phase showed extensive biliary and aneurysmal dilatations of the right intrahepatic bile duct, with multiple significantly enhanced masses within the
lumen (black arrows); C: Gd-EOB-DTPA-enhanced MRI also showed a contrast-filling defect within the common bile duct (white arrows), suggesting the presence
of mucin; D: Multiple planar reconstruction of images acquired in the hepatobiliary phase showed a dilated left intrahepatic bile duct with good contrast filling (black
arrows). The contrast filling was incomplete in the right intrahepatic and common bile ducts (white arrows).

A

B

C

D

Figure 3 Seventy-two-year-old female patient with malignant intraductal papillary mucinous neoplasm of the bile duct (case 3). A: Axial image of enhanced
computed tomography in the portal venous phase showed extensive intra- and extrahepatic bile duct dilatation with multiple hydra-like protrusions (arrows); B: Dilation
appeared hyperintense (arrows) with diffusion-weighted imaging; C: Hypointense (arrows) with T2-weighted imaging; D: Gadolinium-ethoxybenzyl-diethylenetriaminepentaacetic acid-enhanced magnetic resonance imaging in the hepatobiliary phase revealed no hyperintense bile with distribution of the contrast agents in the dilated
bile duct, indicating a large amount of mucin retention, which was confirmed by endoscopy.

ring distribution (Figures 1 and 2).
Cholangiectasis was apparent in cases 3 and 4,
and a high signal of contrast filling was not seen in the
dilated bile ducts in the hepatobiliary phase (Figures 3
and 4). Total bilirubin levels were markedly elevated in
these two cases (Table 1). Routine inspection showed
an abnormal signal and low-strengthened focal area
in the edge of the left intrahepatic bile duct in case 4,

WJG|www.wjgnet.com

and the edge of the lesion was enhanced in the 20-min
delayed EOB-enhanced MRI. In the 45-min delayed
scan, most of the area showed isointensity, with the
exception of the low signal in the lesion center, which
is a pattern of gradual enhancement (Figure 4). These
findings suggest decreased hepatic uptake of contrast
agent, indicative of inflammation. No signs of tumor
invasion were seen in the EOB-enhanced scans of
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A

B

C

D

Figure 4 Sixty-six-year-old male patient with malignant intraductal papillary mucinous neoplasm of the bile duct (case 4). A: Axial image of contrastenhanced computed tomography in the portal venous phase showed a patchy hypointense area abutting the dilated bile ducts in the front edge of the left liver lobe (white
arrow), and multiple small nodules distributed along the bile duct wall within the lumen (white long arrows); B: These nodules were hyperintense (white arrowheads)
with diffusion-weighted imaging; C: Gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid-enhanced magnetic resonance imaging (Gd-EOB-DTPA-enhanced
MRI) in the portal venous phase also showed a patchy hypointense area abutting the dilated bile ducts (white arrow); D: The patch (white arrow) appeared smaller
with Gd-EOB-DTPA-enhanced MRI in the hepatobiliary phase, due to the gradual filling of contrast agent, which suggests the presence of functional liver cells. The
patchy area was thought to be an inflammatory change secondary to the tumor.

cases 1-4.
Although there was no high signal of contrast filling
in the dilated bile duct on the inferior right liver in case
5, the 20-min delayed scan showed a well-defined
massive (6.5 cm × 6.0 cm) lesion with low-signal
intensity around the dilated bile duct, indicating a lack
of EOB uptake in the adjacent region of the liver (Figure
5). This was in accordance with the tumor extent
seen on PET-CT. The signal in the liver parenchyma in
front of the tumor was slightly lower than the normal
liver tissue, but higher than the mass tissue in the
hepatobiliary phase of EOB-enhanced MRI. A low
signal vessel with normal direction can be seen within
it, suggesting that this area is not tumor tissue, but
inflamed liver tissue with reduced uptake ability for the
contrast agent (Figure 5).

were observed in the bile duct.
Microscopic examination of the biopsies from
cases 1-4 showed cuboidal or columnar epithelial cells
around the fibers and vessels growing within the bile
duct, with no tumor invasion beyond the bile duct.
Immunohistochemical results were: mucin (MUC)1 ,
+
+
MUC2 , MUC5AC , MUC6 , and p53 .
Based on the findings from imaging, endoscopy,
and biopsy or surgical pathology, cases 1 and 3 were
pathologically diagnosed as papillary adenoma, and
cases 2 and 4, which showed obvious tumor nuclear
atypia in the focal lesions, were diagnosed as papillary
adenoma accompanied by focal cancer. In case 4,
lesions beyond the left dilated bile duct were removed,
and the pathology showed infiltration of inflammatory
cells without tumor cells, thus, these were diagnosed
as inflammatory lesions. Lesions in cases 1 and 2
were confined to the left or right lobe, suggesting lobe
resection, although the patients refused surgery. Case
3 involved the left and right intrahepatic bile ducts and
lobe resection could not be performed. Hence, cases
1-3 underwent endoscopic nasobiliary drainage and/
or percutaneous transhepatic cholangial drainage to
alleviate the symptoms.
Case 5 underwent a right hepatic resection. The
EOB-enhanced MRI indicated that the anterior right

Pathology and treatment

Cases 1-3 underwent duodenal endoscopy to drain
mucus from the duodenal papilla within 3 d. In case
4, EOB-enhanced MRI showed tumor distribution
in the left and right hepatic ducts, but no signs of
extra-biliary tumor invasion, therefore, biliary tumor
enucleation and T tube drainage were performed.
During the procedure, the dilated bile duct was filled
with mucus, and multiple nodular or papillary tumors
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A

B

C

D

E

F

G

Figure 5 Fifty-six-year-old male patient with infiltrative intraductal papillary mucinous neoplasm of the bile duct (case 5). A: Diffusion-weighted imaging
showed a hyperintense area in segment VI of the liver (white arrow); B: Gadolinium (Gd)-diethylenetriamine-pentaacetic acid (DTPA)-enhanced magnetic resonance
imaging (MRI) in the portal venous phase showed marked enhancement in the anterior subsegment (black arrow) and a slightly hypointense area in the posterior
subsegment of segment Ⅵ (white arrow); C: Gd-ethoxybenzyl (EOB)- -DTPA-enhanced MRI in the hepatobiliary phase revealed bile duct dilatation in the posterior
subsegment of segment Ⅵ without contrast filling. The hypointense area around the dilated bile duct indicated tumor infiltration to the surrounding tissue (white
arrows). The anterior subsegment of segment Ⅵ with a slightly decreased low signal intensity suggested an inflammatory change (black arrow); D: Positron emission
tomography-computed tomography (CT) confirmed the tumor in the posterior subsegment of segment Ⅵ with substantial uptake of fluorodeoxyglucose (white arrow),
suggesting active tumor metabolism; E: Coronal Gd-DTPA-enhanced MRI in the equilibrium phase showed serrated changes in the bile duct wall of the posterior
subsegment of segment Ⅵ, and the extra-biliary tumor infiltration was not well identified (white arrow); F: Gd-EOB-DTPA-enhanced MRI in the hepatobiliary phase
showed bile duct dilatation in the posterior subsegment of segment Ⅵ without contrast filling. The tumor infiltration surrounding the dilated bile duct was hypointense
and well defined (white arrows); G: Fluorodeoxyglucose uptake by the tumor (white arrow) was also shown in the posterior subsegment of segment Ⅵ during positron
emission tomography-CT.

liver was inflamed, so the middle hepatic vein was
completely retained. During surgery, a mass (6.5 cm
× 6.5 cm × 6.0 cm) was seen in the posterior right
liver, showing extra-biliary infiltration with dilated
bile ducts filling with mucus. Postoperative pathology
showed cuboidal or columnar epithelial cells in the
tumor tissues growing around the fibers and vessels
inside the bile duct. The tumor cells had obvious
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nuclear atypia, which invaded outward to the bile duct
wall. Immunohistochemistry showed that the cells
+
+
+
+
were MUC1 , MUC2 , MUC5AC , MUC6 , and p53 ,
confirming the diagnosis of infiltrating intraductal
papillary mucinous adenocarcinoma of the bile duct.
The right anterior liver parenchyma showed interstitial
fibrous tissue hyperplasia with chronic inflammatory
cell infiltration, which was diagnosed as chronic
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inflammation with fibrous tissue hyperplasia.

Case 4 showed a long T2-signal nodule with hypoenhancement at the edge of the left intrahepatic bile
duct, which was considered to be focal. However, EOBenhanced imaging during the hepatobiliary phase
showed gradual enhancement of the lesion area,
consistent with chronic inflammation. Therefore, the
patient underwent biliary tumor enucleation and T
tube drainage, a procedure that could accelerate
the disease if the tumor had invaded tissue outside
of the bile duct. Therefore, when multifocal IPMN-B
occurs in intrahepatic bile ducts, EOB-enhanced MRI
in the hepatobiliary phase can be used to select the
appropriate treatment.
Importantly, case 5 describes imaging results from
an invasive IPMN-B, which cannot be discerned with
conventional-enhanced CT or Gd-DTPA-enhanced
[1,6,16]
MRI
. With similar cases, it is difficult to judge the
extent of tumor invasion into the extrahepatic bile
duct by routine inspection, as demonstrated in this
patient. The extent of the infringement was clear by
PET-CT examination, and the FDG uptake suggested
that the tumor was malignant, although it is difficult to
distinguish this tumor type from cholangiocarcinoma
[31]
and other malignant liver tumors. Takanami et al
also reported PET-CT manifestations of invasive
IPMN-B, observed as high intake of FDG. Despite
its advantage, PET-CT should be used very carefully
due to the relatively high cost and risk of radioactive
damage to patients. Case 5 further demonstrates
that normal liver cells uptake Gd-EOB-DTPA, whereas
tumor cells do not, thus more clearly defining the
extent of liver invasion. Moreover, case 5 shows that
the signal intensity of the right anterior liver in the
hepatobiliary phase is intermediate between normal
liver parenchyma and tumor, representing the nature
of inflammatory tissue with decreased liver function
(EOB uptake). In this case, the tumor, inflammation,
and normal liver tissues were clearly demarcated, thus
we decided to retain the middle hepatic vein during
the right liver resection, and were confident in the
negative cut edge of the tumor.
In conclusion, patients with suspected IPMN-B
based on imaging findings would benefit from EOBenhanced MRI for determination of the presence of
mucus and extent of extra-biliary invasion.

DISCUSSION
Surgery is the preferred treatment for IPMN-B. Partial
hepatectomy can be performed for localized tumors,
whereas bilateral bile duct involvement may require
liver transplantation, duodenal papilla dissection,
endoscopic nasobiliary drainage, and/or percutaneous
[16-19]
transhepatic cholangial drainage
. Biliary tumor
enucleation can be performed for tumors that do
[6,20-23]
not invade into the bile duct
. Thus, accurate
preoperative diagnosis, with determination of the
extent of tumor involvement, is crucial for treatment
decisions.
[8-10]
Reports by Lim et al
describe the typical im
aging findings of IPMN-B. The disease can be clearly
diagnosed when imaging findings are indicative of
IPMN-B, and the presence of mucin within the dilated
bile duct is confirmed. Although duodenal endoscopy,
ERCP, biliary tract endoscopy, and endoscopic US can
[13,24-27]
be used to clearly identify the tumor and mucus
,
these are invasive examinations, the success of which
is associated with the proficiency of the operator, and
are accompanied by a risk of pancreatitis. Moreover,
it is difficult to evaluate upstream of the bile duct
obstruction and extra-biliary conditions with these
[28-30]
methods
.
[13]
[14]
Takanami et al
and Oki et al
used EOBenhanced MRI to study four patients with IPMN-B,
and found that Gd-EOB-DTPA-enhanced MRI shows
the dilated bile duct and tumor, but also the bile duct
filling defects caused by mucin retention. Therefore,
Gd-EOB-DTPA-enhanced MRI is an alternative to ERCP
for the diagnosis of IPMN-B. Indeed, the performance
of EOB-enhanced MRI in cases 1 and 2 in the present
[13,14]
study is in agreement with the previous reports
.
Although biliary sludge and stones can also appear as
filling defects in EOB-enhanced MRI, they show a low
signal in T2-weighted images that can be differentiated
from mucus, as shown in cases 1 and 2. Although the
cystic appearance of the IPMN-B in case 2 is similar
to cystadenoma or cystadenocarcinoma, these cystic
lesions are not connected with the bile duct. Moreover,
contrast agent was seen in both the cystic lesion and
the bile duct in case 2 during the hepatobiliary phase
of Gd-EOB-DTPA-enhanced MRI.
A large amount of mucin in the bile duct was
confirmed during ERCP/operation in cases 3 and 4,
which resulted in marked bile duct dilatation and
obvious impaired liver function (indicated by elevated
total bilirubin levels). Furthermore, liver cell uptake
and secretion of EOB into the bile duct was obviously
decreased, with none observed in the hepatobiliary
phase in the 42-52-min delayed scan. Mucin within
the bile duct can be distinguished from bile based on
the similarity with signals in the downstream bile duct,
lobe, or segmental bile duct where the tumor is not
located.
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COMMENTS
COMMENTS
Background

Reports and awareness of intraductal papillary mucinous neoplasm of the bile
duct (IPMN-B) are increasing. However, difficulties remain with noninvasive
methods for diagnosis and determining the extent of the tumor.

Research frontiers

This study reports the use of a novel imaging technique, gadoliniumethoxybenzyl-diethylenetriamine-pentaacetic acid (Gd-EOB-DTPA)-enhanced
magnetic resonance imaging (MRI), for diagnosing IPMN-B.

Innovations and breakthroughs

This study shows that Gd-EOB-DTPA-enhanced MRI can reveal bile duct filling
defects due to mucin, which is highly suggestive of a diagnosis for IPMN-B.
Compared with positron emission tomography-computed tomography, Gd-EOB-
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DTPA-enhanced MRI can be used to differentiate inflammatory lesions from
tumor tissue. Therefore, Gd-EOB-DTPA-enhanced MRI facilitates accurate
diagnosis and proper management of IPMN-B.

12

EOB-enhanced MRI is a useful, noninvasive method to detect mucus and
assess the extent of extra-biliary invasion in patients whose imaging findings
indicate IPMN-B.

13

Applications

Terminology

Gd-EOB-DTPA is a double-specific contrast agent that is absorbed by
hepatocytes and drained via the bile duct in the hepatobiliary phase, and can
be used to detect filling defects due to mucus. It can also be used to distinguish
between tumor cells, which do not take up the contrast agent, and inflammatory
cells, which show reduced signal intensity compared to normal liver tissue.

14

Peer-review

This is an interesting case series of patients with IPMN-B, in which Gd-EOBDTPA-enhanced MRI was applied for better evaluation of the lesion and
differentiation between tumor invasion and inflammation.

15
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When and why a colonoscopist should discontinue
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METHODS: In this cross-sectional study, 517 difficult
colonoscope insertions (Grade C, Kudo’s difficulty
classification) screened from 37800 colonoscopy
insertions were collected from April 2004 to June 2014
th
by three 4 -level (Kudo’s classification) colonoscopists.
The following common factors for the incomplete
insertion were excluded: structural obstruction of
the colon or rectum, insufficient colon cleansing,
discontinuation due to patient’s discomfort or pain,
severe colon disease with a perforation risk (e.g. ,
severe ischemic colonopathy). All the excluded patients
were re-scheduled if permission was obtained from
the patients whose intubation had failed. If the repeat
intubations were still a failure because of the difficult
operative techniques, those patients were also included
in this study. The patient’s age, sex, anesthesia and
colonoscope type were recorded before colonoscopy.
During the colonoscopic examination, the influencing
factors of fixation, tortuosity, laxity and redundancy of
the colon were assessed, and the insertion time (> 10
min or ≤ 10 min) were registered. The insertion time
was analyzed by t -test, and other factors were analyzed
by univariate and multivariate logistic regression.

AIM: To investigate when and why a colonoscopist
should discontinue incomplete colonoscopy by himself.
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RESULTS: Three hundred and twenty-two (62.3%) of
the 517 insertions were complete in the colonoscope
insertion into the ileocecum, but 195 (37.7%) failed in
the insertion. Fixation, tortuosity, laxity or redundancy
occurred during the colonoscopic examination.
Multivariate logistic regression analysis revealed that
fixation (OR = 0.06, 95%CI: 0.03-0.16, P < 0.001) and
tortuosity (OR = 0.04, 95%CI: 0.02-0.08, P < 0.001)
were significantly related to the insertion into the
ileocecum in the left hemicolon; multivariate logistic
regression analysis also revealed that fixation (OR =
0.16, 95%CI: 0.06-0.39, P < 0.001), tortuosity (OR
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0.23, 95%CI: 0.13-0.43, P < 0.001), redundancy (OR
= 0.12, 95%CI: 0.05-0.26, P < 0.001) and sex (OR =
0.35, 95%CI: 0.20-0.63, P < 0.001) were significantly
related to the insertion into the ileocecum in the right
hemicolon. Prolonged insertion time (> 10 min) was an
unfavorable factor for the insertion into the ileocecum.

MATERIALS AND METHODS
From April 2004 to June 2014, a total of 37800
th
colonoscope insertions were performed by three 4 level expert colonoscopists at our endoscopic center,
who had performed > 10000 on average and whose
completion rate of the insertion into the ileocecum
was 95%-98%. In order to explore the extraordinary
factors for incomplete colonoscope insertion into the
ileocecum, we excluded the following commonlyencountered factors for incomplete colonoscope
insertion into the ileocecum: structural obstruction of
the colon or the rectum; insufficient colon cleansing;
discontinuation due to patient’s discomfort or pain;
severe colon disease with a perforation risk (e.g.,
severe ischemic colonopathy). All the excluded patients
were re-scheduled if permission was obtained from
the patients whose intubation had failed. If the repeat
intubations were still a failure because of the difficult
operative techniques, those patients were also included
in this study. Thus, 517 patients were included,
who underwent the most difficult colonoscopic pro
[3]
cedures (Grade C, Kudo’s difficulty classification ,
th
table 2) by three 4 -level expert colonoscopists.
Of the 517 patients, 322 (62.3%) completed the
colonoscope insertion into the ileocecum, but 195
(37.7%) had incomplete colonoscope insertion into
the ileocecum, among whom 81 (41.5%) had an
insertion only reaching the right hemicolon and
114 (58.5%) only reaching the left hemicolon.
Therefore, the colonoscopists had to discontinue the
colonoscope insertion into the ileocecum. This crosssectional study investigated the influencing factors
for the colonoscopists discontinuing the colonoscopic
examination, and discussed when and why the
colonoscopists should discontinue the colonoscopic
examination.
Complete colonoscope insertion into the ileoce
cum was judged by the colonoscopist, who could
successfully observe the ileocecal valve, appendiceal
orifice, or terminal ileum. If any doubt existed, the
colonoscopist considered the insertion an incomplete
[8]
insertion into the ileocecum . The time required for
the colonoscope to reach the proximal end of the colon
[8]
was defined as the insertion time .
The data collected in a retrospective manner and
taken from the computer graphic database included
the following preoperative indexes: the patient’s
age; sex; type of anesthesia for colonoscopy; type
of colonoscope (variable-stiffness or not) and the
following intraoperative indexes: fixation; tortuosity;
laxity; and redundancy occurring during colonoscopic
examination. Fixation was defined as resistance during
the insertion or the pull back of the colonoscope body
without loop formation, which meant the body was
40 cm into the colon cavity, after the colonoscope
head passed through the descending sigmoid flexure,
or 60 cm near the hepatic flexure by the removal of

CONCLUSION: Colonoscopy should be discontinued
if freedom of the colonoscope body’s insertion and
rotation is completely lost, and the insertion time is
prolonged over 30 min.
Key words: Colonoscopy; Colonoscope insertion; Insertion
technique
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This original article investigated when and
why a colonoscopist should discontinue incomplete
colonoscopy by himself. If freedom of the colonoscope
body’s insertion and rotation is lost because of un
favorable factors, such as fixation, tortuosity, laxity, and
redundancy occurring in the colon, and the insertion
time is prolonged > 30 min after repeated attempts by
th
the 4 -level colonoscopists, we suggest the colonoscopy
should be discontinued by the colonoscopist.
Gan T, Yang JL, Wu JC, Wang YP, Yang L. When and why a
colonoscopist should discontinue colonoscopy by himself? World
J Gastroenterol 2015; 21(25): 7834-7841 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i25/7834.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i25.7834

INTRODUCTION
[1,2]

Because of the advances of colonoscopic techniques
and the improvements in the design and construction
[3,4]
of the colonoscope
, colonoscopy has not been
a difficult procedure for most colonoscopists; even
the colonoscope insertion into the ileocecum has
not been as tough a task as it used to be. However,
there are still some difficulties in the insertion of
the colonoscope. According to the reports in the
medical literature, some factors caused incomplete
colonoscopy, e.g., the patient’s age, sex, obesity,
preoperative bowel preparation, previous abdominal
[5-7]
surgery, and constipation . But all these factors can
only roughly predict that these patients are difficult
to intubate to the ileocecum, and even highly-skilled
[3]
4th-level colonoscopists (Kudo’s classification , table
1) were unable to guarantee a 100% success rate
when ileocecal intubation was performed. Therefore,
to determine when and understand why this kind of
colonoscopic intubation should be discontinued is very
important to colonoscopists. The present study was
designed to investigate this problem.

WJG|www.wjgnet.com

7835

July 7, 2015|Volume 21|Issue 25|

Gan T et al . Reasons for colonoscopist discontinuing colonoscopy
Table 1 Kudo’s colonoscopist level classification

Table 2 Kudo’s classification of colonoscopy difficulty

Colonoscopist
level

Difficulty
classification

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Presentation of correlative level
Mostly beginners, able to push forward the colonoscope
body in the colon cavity; unable to use the method of the
colon axis constriction to shorten the length of the colon
Able to push the colonoscope through the descending
sigmoid flexure by α-loop or N-loop, and pull back the
colonoscope to set free the loop when the colonoscope
head reaches the transverse colon; then, use the method
mentioned above
Able to control the colonoscope passing through the
descending sigmoid flexure by α-loop or N-loop, and
pull back the colonoscope to set free the loop when
it reaches the descending colon; then, use the abovementioned method
Able to control the colonoscope and keep the colon axis
constriction from rectosigmoid flexure, pushing the
colonoscope passing through the descending sigmoid
flexure without loop formation

Grade A

Grade B
Grade C

Relatively short sigmoid colon, easy to be shortened.
Applied to most young and middle-aged men. 2-3 min
taken to reach the cecum
Lengthy sigmoid colon and relatively tortuous
descending sigmoid flexure, easier to form a loop
Sigmoid colon with local or partial adhesion after
abdominal disease, surgery, or unusually long sigmoid
colon, with or without obvious tortuous descending
sigmoid flexure, easier to form a loop

RESULTS
General conditions of patients

Of the 517 patients undergoing colonoscopic exam
ination, 322 (≥ 60 years in 153; < 60 years in 169;
136 male, 186 female; 201 given anesthesia, 121 given
no anesthesia; 171 using variable-stiffness colonoscope,
151 using invariable-stiffness colonoscope) had a
complete insertion into the ileocecum, and the other
195 had an incomplete insertion into the ileocecum,
among whom 81 (≥ 60 in 41, < 60 in 40; 57 male, 24
female; 53 given anesthesia, 28 given no anesthesia;
46 using variable-stiffness colonoscope, 35 using
invariable-stiffness colonoscope) had the colonoscope
reaching the right hemicolon, and the other 114 (≥
60 in 42, < 60 in 72; 60 male, 54 female; 73 given
anesthesia, 38 given no anesthesia; 53 using variablestiffness colonoscope, 61 using invariable-stiffness
colonoscope) had the colonoscope reaching the left
hemicolon.

the colon loop. Fixation was caused by abdominal
[9]
surgical adhesions , peritonitis, abdominopelvic
cancer, abdominopelvic radiotherapy, or intestinal
adhesions of unknown origin. Tortuosity was defined
[9]
as sharp turns or convolutions of the colon during
the insertion of the colonoscope body without loop
formation, which often occurred in the physiological
flexures, e.g., the descending sigmoid flexure and
the rectosigmoid flexure. Laxity was defined as
no or low resistance during the insertion of the
colonoscope; even if the loop formation was felt by
the colonoscopists, the colonoscope body was still
easy to insert, but the head could not go deep into the
colon cavity. Redundancy was defined as tedium of the
colon during the insertion of the colonoscope without
resistance or loop formation, but the colon could not
be shortened because of the loss of the hooked points
by the physiological flexure.
General anesthesia: sulfentanyl 0.1 μg/kg was
given via a slow intravenous injection (iv); then,
midazolam 1 mg iv after the nasal oxygen inhalation.
If the patient had stable vital signs with no bucking
or body movements, propofol 1.5-2.5 mg/kg iv could
be given at a rate of 2 ml/10-20 s. The patient’s
spontaneous respiration should be kept, and all the
[10]
body muscles should be relaxed without lash reflex .
If the patient was restless, propofol 0.5-1 mg/kg was
given, maintaining the patient in a painless state until
the end of the examination.
Types of colonoscopes: variable-stiffness colo
[11,12]
noscopes
including CF 240AH and CF 240AI
(Olympus Optical Co. Ltd., Tokyo, Japan); invariablestiffness colonoscopes including CF 240, CF 240I
(Olympus Optical Co. Ltd., Tokyo, Japan), and Fujinon
EC-410D (Fujinon Optical Co. Ltd., Tokyo, Japan).
Statistical analysis was performed using SPSS
(version 13.0). t-test, Univariate and multivariate
logistic regression analyses were performed, and a P
value < 0.05 was considered statistically significant.

WJG|www.wjgnet.com

Presentation of correlative pattern

Incompletion rates and reasons for colonoscopy being
discontinued by colonoscopists

Of the 195 incomplete colonoscope insertions, 81
(41.5%) were discontinued by the colonoscopists when
the endoscope reached the right hemicolon (ascending
colon, hepatic flexure, transverse colon) and the other
114 (58.5%) were discontinued when the endoscope
reached the left hemicolon (between rectosigmoid
flexure and splenic flexure). The most common sites
where the endoscope insertions were discontinued
were the hepatic flexure in the right hemicolon (45
cases, 23.1%) and the descending sigmoid flexure (40
cases, 20.5%) in the left hemicolon. The reasons for
discontinuation by the colonoscopists were fixation,
tortuosity, laxity, and redundancy occurring in the left
hemicolon and the right hemicolon (Table 3).

Comparisons of influencing factors between difficult
colonoscope insertion into the left hemicolon and
difficult but complete colonoscope insertion into
ileocecum

Among the 322 difficult insertions into the ileocecum,
223 (69.3%) encountered fixation, 144 (44.7%)
encountered tortuosity, 93 (28.9%) encountered laxity,
and 25 (7.8%) encountered redundancy.
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Table 3 Sites for colonoscopy discontinuation and reasons for discontinuation n (%)
Site

Value

Right hemicolon
Ascending colon
Hepatic flexure
Transverse colon
Left hemicolon
Splenic flexure
Descending colon
Descending sigmoid flexure
Sigmoid colon
Rectosigmoid flexure
Total

Fixation

Tortuosity

Laxity

Redundance

10 (5.1)
45 (23.1)
26 (13.3)

9
41
22

4
30
15

3
5
2

3
12
7

9 (4.6)
14 (7.2)
40 (20.5)
29 (14.9)
22 (11.3)
195 (100)

8
13
35
27
22
177

8
11
39
26
19
152

2
4
6
2
0
24

0
1
2
1
0
26

Table 4 Factors related to sites for colonoscope reaching left hemicolon and right hemicolon
Left hemicolon
Preoperative variable
Sex (female vs male)
Age (> vs ≤ 60 yr)
Anesthesia (yes vs no)
Type of colonoscope (yes vs no)
Intraoperative variable
Fixation (yes vs no)
Tortuosity (yes vs no)
Laxity (yes vs no)
Redundancy (yes vs no)

95%CI

P value

OR

95%CI

P value

0.69
1.63
0.74
0.88

0.41-1.17
0.95-2.80
0.43-1.30
0.50-1.53

0.17
0.08
0.30
0.64

0.35
0.88
0.98
1.11

0.20-0.63
0.50-1.52
0.55-1.75
0.62-2.00

< 0.001
0.64
0.93
0.72

0.06
0.04
0.56
0.80

0.03-0.16
0.02-0.08
0.24-1.33
0.21-3.10

< 0.001
< 0.001
0.19
0.75

0.16
0.23
1.16
0.12

0.06-0.39
0.13-0.43
0.50-2.71
0.05-0.26

< 0.001
< 0.001
0.73
< 0.001

49 (60.5%) encountered tortuosity, 10 (12.3%)
encountered laxity, and 22 (27.2%) encountered
redundancy.
Univariate analysis revealed that there were sig
nificant differences in fixation, tortuosity and redundancy
between the above two conditions (P < 0.001). They
could be used as an indicator for colonoscopy, and they
were the inverse factors significantly related to the
colonoscope insertion into the ileocecum. The insertions
only reaching the right hemicolon in the male patients
were significantly greater in frequency than those in
the female patients (P < 0.001). However, difficulties
of insertion into the ileocecum were not associated with
the patient’s age, anesthesia use, colonoscope type or
colon influencing factors, e.g., laxity.
Multivariate logistic regression analysis also re
vealed that fixation (OR = 0.16, 95%CI: 0.06-0.39, P
< 0.001), tortuosity (OR = 0.23: 95%CI: 0.13-0.43, P
< 0.001) , redundancy (OR = 0.12, 95%CI: 0.05-0.26,
P < 0.001), and sex (OR = 0.35, 95%CI: 0.20-0.63, P
< 0.001) were independent inverse factors significantly
related to insertion into the ileocecum, but the other
indexes, e.g., age, laxity, and redundancy were not
that kind of factor (P > 0.05) (table 4). There were no
colonoscopy-related complications during or within 7 d
of the procedure.

Among the 114 difficult insertions that only reached
the left hemicolon, 105 (92.1%) encountered fixation, 103
(90.4%) encountered tortuosity, 14 (12.3%) encountered
laxity, and 4 (3.5%) encountered redundancy.
Univariate analysis revealed that there were sig
nificant differences in fixation and tortuosity between
the above two conditions (P < 0.001). They could be
used as an indicator for colonoscopy, and they were the
inverse factors significantly related to the colonoscope
insertion into the ileocecum. However, difficulties of
insertion into the ileocecum were not associated with
the patient’s age, sex, anesthesia use, colonoscope
type or the colon influencing factors, e.g., laxity and
redundancy.
Multivariate logistic regression analysis also re
vealed that fixation (OR = 0.06, 95%CI: 0.03-0.16,
P < 0.001) and tortuosity (OR = 0.04, 95%CI:
0.02-0.08, P < 0.001) were independent inverse
factors significantly related to the insertion into the
ileocecum, but the other indexes, e.g., age, sex, laxity,
and redundancy, were not that kind of factor (P > 0.05)
(table 4).

Comparisons of influencing factors between difficult
colonoscope insertion into the right hemicolon and
difficult but complete colonoscope insertion into the
ileocecum

Factors influencing insertion time in left hemicolon

Among the 81 difficult insertions reaching the
right hemicolon, 72 (88.9%) encountered fixation,
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Table 5 Factors related to insertion time (> 10 min) in left hemicolon and right hemicolon
Left hemicolon
Preoperative variable
Sex (female vs male)
Age (> 60 yr vs ≤ 60 yr)
Anesthesia (yes vs no)
Type of colonoscope (yes vs no)
Intraoperative variable
Fixation (yes vs no)
Tortuosity (yes vs no)
Laxity (yes vs no)
Redundancy (yes vs no)

95%CI

P value

OR

95%CI

P value

1.30
1.18
0.68
0.68

0.86-1.96
0.78-1.79
0.44-1.03
0.45-1.04

0.22
0.43
0.07
0.08

1.47
1.35
0.84
0.61

0.96-2.26
0.88-2.06
0.54-1.30
0.39-0.94

0.08
0.17
0.43
0.02

0.99
1.80
1.62
2.44

0.55-1.79
1.14-2.86
0.92-2.85
1.09-5.44

0.98
0.01
0.10
0.03

1.92
2.40
1.53
4.65

1.04-3.52
1.51-3.82
0.87-2.70
2.30-9.39

0.04
< 0.001
0.14
< 0.001

ileocecum, the insertion mean time was 9.6 ± 4.4
min (range: 2.9-44.4 min); in the 114 difficult
colonoscope insertions only reaching the left hemi
colon, the insertion mean time was 9.4 ± 7.2 min
(range: 1.4-42.5 min). No significant difference
was found in the insertion mean time between the
above two conditions (P > 0.2), but based on the
univariate analysis, a significant difference was still
found in tortuosity (P < 0.05) and redundancy (P
< 0.05) between the above two conditions. They
could be used as an indicator for colonoscopy, and
they were significant factors related to the insertion
time (> 10 min) in the patients whose colonoscopy
only reached the left hemicolon. However, the time
for the colonoscope insertion into the ileocecum was
not related to the patient’s age, anesthesia use,
colonoscope type or the colon influencing factors, e.g.,
fixation and laxity.
Multivariate logistic regression analysis also re
vealed that tortuosity (OR = 1.80, 95%CI: 1.14-2.86,
P = 0.01) and redundancy (OR = 2.44, 95%CI:
1.09-5.44, P = 0.03) were significant factors related
to the insertion time (>10 min) but the other indexes,
e.g., age, sex, fixation, and laxity were not that kind of
factors (P > 0.05) (Table 5).

colonoscope insertion only reached the right hemicolon
(P < 0.05). However, the time for the insertion into the
ileocecum was not associated with the patient’s age,
sex, anesthesia use or the colon influencing factor, e.g.,
laxity.
Multivariate logistic regression analysis also re
vealed that fixation (OR = 1.92: 95%CI: 1.04-3.52, P
= 0.04), tortuosity (OR = 2.40, 95%CI: 1.51-3.82],
P < 0.001), and redundancy (OR = 4.65, 95%CI:
2.30-9.39, P < 0.001) were significant factors related
to the insertion time (> 10 min), but the types of
colonoscopes were independent inverse factors
significantly related to the insertion time (> 10 min).
However, the other indexes, e.g., age, sex, anesthesia
use, and laxity were not related to insertion time (P >
0.05) (Table 5).
The reasons for discontinuation of colonoscopy
insertions by the colonoscopists were fixation (72,
36.9%; 105, 53.8%), tortuosity (49, 25.1%; 103,
52.8%), laxity (10, 5.0%; 14, 7.2%), and redundancy
(22, 11.3%; 4, 2.1%) in the right hemicolon and the
left hemicolon, respectively.

DISCUSSION
In the field of digestive endoscopy, colonoscopy is a
challenging procedure only secondary to small intestine
endoscopy in the toughness degree. So, a safe and
efficient colonoscope insertion into the ileocecum
[8]
is a fundamental task for all the colonoscopists .
The success in colonoscopy chiefly depends on the
following three factors: patients, colonoscopists, and
types of colonoscopes. Among these three factors,
the colonoscopists are the most important factor,
whose operative skills play a decisive role in successful
colonoscopy. The colonoscopists are usually confronted
by the following four difficulties: fixation, tortuosity, laxity,
and redundancy occurring in the colon, which lead to
the loss of freedom of the colonoscope body’s insertion
and rotation. If the colonoscopists could not overcome
one or more difficulties, successful colonoscope
insertion into the ileocecum would be an arduous task.
[3]
th
According to Kudo’s classification criterion , the 4 -

Factors influencing the insertion time in the right
hemicolon

In the 81 difficult colonoscope insertions only reaching
the right hemicolon, the insertion mean time was 17.6
± 7.8 min (range: 5.1-48.7 min) but the insertion
mean time for the colonoscope insertions into the
ileocecum was 9.6 ± 4.4 min (range: 2.9-44.4 min).
There was a significant difference in the insertion mean
time between the above two conditions (P < 0.01).
Univariate analysis revealed that fixation (P < 0.05),
tortuosity (P < 0.01) and redundancy (P < 0.01),
which could be used as an indicator for colonoscopy,
were significant factors related to the insertion time
(> 10 min) in patients whose colonoscope insertion
only reached the right hemicolon, but the type of
colonoscopes were inverse factors significantly related
to the insertion time (> 10 min) in patients whose
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level (top level) colonoscopist can smoothly insert the
colonoscope into the ileocecum within 3-5 min though
faced by the Grade C (the most difficult grade) patient
without any obvious looping formation, achieving a
95%-98% success rate of insertion into the ileocecum.
To solve the problem of the remaining (2%-5%)
incomplete colonoscope insertions into the ileocecum,
so many pre-examination evaluation indexes were
[5,13-15]
put forward in the medical literature
, e.g., the
patient’s body posture, age, sex, body mass index,
constipation, and previous abdominal surgery.
The results of the study revealed that the influ
encing factors for the colonoscope insertion only
reaching the left hemicolon were fixation and tortuosity
occurring in the colon, and the influencing factors for
the insertion only reaching the right hemicolon were
fixation, tortuosity, and redundancy. The results also
revealed that male patients were more likely to have
their insertion only reaching the right hemicolon than
female patients. This finding could be explained by the
male patients being more likely to have redundancy
in the colon. The other factors were not so closely
correlated with difficult insertion into the ileocecum.
No statistically significant difference was found
in the insertion mean time between the insertions
only reaching the left hemicolon and the insertions
completely into the ileocecum (P > 0.2); however, a
significant difference was found in the insertion mean
time between the insertions only reaching the right
hemicolon and the insertions completely into the
ileocecum (P < 0.01).
Compared with the difficult insertions into the
ileocecum, the insertions only reaching the left
hemicolon encountered the same difficult factors
(fixation, tortuosity), so there is no difference in
th
the overall time expenditure for a 4 -level expert
colonoscopist.
As for the insertion reaching the right hemicolon,
the main difficulty was usually due to redundancy in
the right hemicolon. The colonoscopists would not easily
discontinue the insertion but attempted to use posture
change, abdominal compression, hooking the fold for
removal of the colon loops to shorten the colon and
inserting the colonoscope into the ileocecum. When
they still failed and finally discontinued the insertion,
much more time was used. This kind of discontinuation
was relatively great in proportion in clinical practice.
In the colonoscope insertions reaching the left
hemicolon and the right hemicolon, the factors un
favorably influencing the insertion mean time (> 10
min) were different in the following two conditions:
tortuosity and redundancy often occurred in the left
hemicolon, but fixation, tortuosity, and redundancy
often occurred in the right hemicolon. The variablestiffness colonoscope was a favorable factor for
reducing the mean insertion time, but only favorable
factor for the colonoscope insertion reaching the right
hemicolon.

WJG|www.wjgnet.com

Evaluation on discontinuation of the colonoscope
insertion during colonoscopic examination was made
in this study. According to the Kudo’s Classification
[3]
criterion , discontinuation of the most difficult
insertions usually occurred in the Grade C patients.
The result analysis revealed that fixation and tortuosity
were the coexistent difficulty factors for influencing
the insertion into the ileocecum in both the left
hemicolon and the right hemicolon. Thus, during the
colonoscopic examination, the following three indexes
for judging whether the colonoscope insertion should
be discontinued should be considered.
First, the colonoscope insertion time was the most
important index for the most difficult colonoscopy.
Once the insertion time was prolonged > 10 min in the
th
colonoscopy performed by the 4 -level colonoscopist,
this colonoscopy should be considered the most
difficult one. At this time, the colonoscopist should
determine which influencing factor (fixation, tortuosity,
laxity or redundancy) had caused the prolongation of
the insertion time, and should determine what position
the colonoscope head reached, and what countermeasures should be taken in the next management
procedures.
[3]
Second, if the colon axis constriction could not be
achieved or maintained because of the following one
or more influencing factors: fixation, tortuosity, laxity,
and redundancy, the colonoscopist should use such
assisting techniques as posture change, abdominal
compression, and hooking the fold for removal of the
colon loops after insertion with the loop, to decrease
the degrees of the descending sigmoid flexure and/
or hepatic flexure to shorten the length of the colon
cavity. If those attempts were still a failure, these
kind of patients were considered relatively difficult
for colonoscopic examination, and colonoscopic
examination should be discontinued.
Third, though the colon axis constriction could be
[3]
achieved after the above-mentioned efforts , i.e.,
the colonoscope body was 40 cm in the colon cavity
after the colonoscope passed through the descending
sigmoid flexure, or 60 cm near the hepatic flexure,
the freedom of the colonoscope body could still not
[3]
be obtained , and paradoxical movements (the
head of the colonoscope back off) happened when
the colonoscope was further inserted into the colon
cavity. Even if the assisting techniques (posture
change, abdominal compression, the hooking of the
fold for shortening the colon) were attempted, the
colonoscope insertion was still a failure. These kinds
of patients were considered relatively difficult for
colonoscopic examination, and the examination should
be discontinued.

Further measures for difficult insertion that may be
discontinued

In management of those difficult colonoscope in
th
sertions, 4 -level colonoscopists would often choose
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indexes, i.e., fixation, tortuosity, laxity and redundancy were introduced to solve
this problem.

to challenge the limits of the colonoscopic operation
technology rather than discontinue colonoscopic
examination at once. They would attempt to break
through the key difficult points, such as the redundant
and fixed right hemicolon, and the tortuous and
th
fixed descending sigmoid flexure. Some of the 4 level colonoscopists who had a different management
[16]
style would be asked to continue the operation
with professional nurses who were good at the
assisting techniques of abdominal compression for the
[17,18]
patient
. They succeeded in their attempts to insert
the colonoscope into the ileocecum. But how to explain
and copy those individualized technical characteristics
of those colonoscopists and nurses is still quite difficult.
In addition, some other assisting techniques have
been used as further measures, e.g., changing the
[16]
[19]
type of colonoscope , using spiral overtube or cap[20]
[21,22]
assisted colonoscopy , water infusion colonoscopy
,
[23,24]
and magnetic endoscopic imaging
, which can be
attempted even though no sufficient evidence has been
found to verify those techniques used to increase the
success rate of colonoscope insertion into the ileocecum
in those difficult patients.
In short, the reasons for discontinuation of colon
oscope insertion into the ileocecum are as follows:
in those difficult patients, if the above-mentioned
management techniques fail in breaking through those
difficult key points after repeated attempts by the
expert colonoscopists, the freedom of the colonoscope
body in insertion and rotation is completely lost, the
colon axis constriction cannot be achieved or maintained
after repeated attempts, and the colonoscope insertion
should be discontinued.
Considering the mean time of discontinuation in
the left hemicolon (about 10 min) and right hemicolon
(about 20 min), the time for the discontinuation of the
colonoscope insertion into the ileocecum is suggested
as follows: the total insertion time is prolonged >
th
30 min after the repeated attempts by the 4 -level
colonoscopists then the colonoscope insertion should
be discontinued.
The patients whose colonoscopy insertions are
discontinued can still use some other instruments and
[25,26]
[27]
techniques, e.g., virtual colonoscopy
, single
[28]
or double-balloon
enteroscopy, or colon capsule
[29,30]
endoscopy
if their clinical and economic conditions
permit.

Innovations and breakthroughs

The new research indexes, i.e., fixation, tortuosity, laxity and redundancy could
only be obtained by the colonoscopists during the examination. These indexes
are precise and direct in clarifying the difficulty of colonoscopy and helping
the colonoscopists to decide whether they should continue or discontinue the
examination at the proper time.

Applications

If freedom of the colonoscope body during the insertion and rotation is
completely lost because of fixation, tortuosity, laxity and/or redundancy during
the examination, and the insertion time is prolonged > 30 min, the colonoscopy
should be discontinued.

Terminology

Colonoscopy is an important commonly-used examination for colonic diseases,
such as carcinoma of the colon, polyps of the colon, ulcerative colitis and
Crohn’s disease. To prevent diagnosis of colonic diseases from failing, the
principal task for the colonoscopists to finish is that they should try their best to
insert the colonoscope into the ileocecum. Freedom of the colonoscope body
during the insertion and rotation will decide its success in the insertion into the
ileocecum.

Peer-review
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Abstract
AIM: To investigate hepatitis B virus (HBV) prevalence
in the general population in China.

Ethics approval: The study was reviewed and approved by the
Nanjing Medical University Institutional Review Board.

METHODS: A total of 148931 individuals were in
vestigated by multistage random sampling in Eastern
China. Data were collected on demographics and
hepatitis B vaccination history, and serum was tested for
hepatitis B surface antigen (HBsAg) by ELISA.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: The authors declare that they
have nothing to disclose.

RESULTS: A total of 11469 participants (7.70%,
95%CI: 7.57%-7.84%) were positive for HBsAg.
HBsAg prevalence was 0.77% among children < 5
years old but increased progressively from adolescents

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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for hepatitis B surface antigen (HBsAg) positivity is
[2,4]
7.20% .
The Centers for Disease Control and Prevention
(CDC) reported that the incidence of newly acquired
HBV infection in China has declined steadily since
the 1990s by virtue of a number of public health
interventions, such as the screening of pregnant
women and the vaccination of infants and adolescents,
the promotion of safe injection practices, and the
[4,5]
development of health education in general . Yet,
HBV infection prevalence is still high among Chinese
high-risk populations such as drug users (ranging from
8.8% to 51.6%) and men who have sex with men
[6-10]
(MSM) (ranging from 6.5% to 10.3%)
. Moreover,
few studies have evaluated the impact of the hepatitis
B vaccination program since 1992 in a large general
population, and studies on the relationship between
socioeconomic status or familial history and the HBV
carrier state are scant.
In this study, we planned a community-based
epidemiological and serological study to identify
simultaneously the prevalence of HBsAg among all
age groups, to determine the potential risk factors for
infection, and to evaluate the impact of the hepatitis B
vaccination program in Eastern China. These findings
are hoped eventually to guide the development,
adaptation, and evaluation of prevention strategies for
HBV.

(1.40%-2.55%) to adults (5.69%-11.22%). A decr
ease in HBsAg prevalence was strongly associated
with vaccination and familial history of HBV among
both children and adult groups. Meanwhile, HBsAg
risk in adults was associated with invasive testing
and sharing needles. The HBV immunization rate
among participants aged < 20 years was 93.30%
(95%CI: 93.01%-93.58%). Significant difference in
HBsAg prevalence appeared between vaccinated and
unvaccinated participants (3.59% vs 10.22%).
CONCLUSION: Although the national goal of HBsAg
prevalence < 1% among children < 5 years old has
been reached, immunization programs should be
maintained to prevent resurgence.
Key words: Epidemiological study; Familial history;
Hepatitis B surface antigen; Immunization; General
population
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A total of 148931 individuals were investigated
in Eastern China to evaluate the impact of hepatitis
B vaccination since 1992. 7.70% were positive for
hepatitis B surface antigen (HBsAg) which has not
achieved the national goal for the whole population
in decreasing the prevalence of HBsAg to < 7%.
Prevalence was 0.77% among children aged < 5 years
and the rate of hepatitis B virus immunization among
teenagers aged < 20 years was 93.30%, which have
reached the national goals of < 1% and > 90%,
respectively.

MATERIALS AND METHODS
This study was approved by the Institutional Review
Board of Nanjing Medical University (Nanjing, China).
All participants provided written informed consent to
be interviewed. Planning for this study was started
in January 2011 and data analysis was completed in
December 2012. All field work was conducted from
September 2011 to July 2012.

Huang P, Zhu LG, Zhu YF, Yue M, Su J, Zhu FC, Yang HT,
Zhang Y, Shen HB, Yu RB, Zhai XJ, Peng ZH. Seroepidemiology
of hepatitis B virus infection and impact of vaccination. World J
Gastroenterol 2015; 21(25): 7842-7850 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i25/7842.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i25.7842

Participates

The target population was local residents of all age
groups living in Jiangsu provinces, Eastern China
(Supplemental Figure 1). Participants were selected
as representative of the population of Eastern China,
in that there was no statistically significant difference
between participants in this study and the whole of
Eastern China in demographics, the situation of the
population or economic conditions. All local residents
who had resided in Jiangsu for > 6 mo at the time
of the survey were selected. A list of residents was
obtained from the Residents’ Committee.

INTRODUCTION
Due to its global prevalence and potential for adverse
consequences such as cirrhosis and hepatocellular
carcinoma, chronic hepatitis B virus (HBV) infection
[1,2]
has become a serious public health problem . The
WHO estimates there are approximately 2 billion
people infected by HBV worldwide, and 240 million of
them have chronic infection. Each year an estimated
600000 people die from liver diseases caused by
[3]
HBV infection . The distribution of HBV infection is
uneven, and sub-Saharan Africa, Asia, and the Pacific
Islands, where HBV is most commonly spread from
mother to child at birth or from person to person in
early childhood, have the most significant burden. In
China, a highly endemic area, the national prevalence

WJG|www.wjgnet.com

Sampling method

The sample size was calculated as following:
2
2
2
n = p(1 - p)/(d/za) = za × p(1 - p)/d
where p means the estimated prevalence rate, d
represented power and was calculated by 0.1 × p and
zα was the statistics of α. For this study, α was set 0.05.
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Considering the variance of hepatitis C virus prevalence
in different age groups in the survey (0.5% for age <
5 years, 1.5% for age 5-19 years, and 8% for age >
19 years), the desired sample size was 110466, and
included 79600 people age < 5 years, 26266 people
age 5-19 years, and 4600 people age > 19 years.
To represent the population of the whole province,
a multistage sampling method was applied. First, the
whole province was divided into three major groups
(south, middle and north) determined by regional
distinctions in earnings, education level, awareness of
health care among the inhabitants, and health care
system. One county was randomly selected from each
major regional group: Zhangjiagang, Danyang and
Taixing were chosen to represent south, middle and
north sites, respectively. There were 887 communities
in these three counties, and 20 communities were
randomly chosen in each county. Finally, all local
residents from those 60 communities were targeted
for participation in this study by cluster sampling.

included 5 mL for the population aged > 2 years and 2
mL for children aged ≤ 2 years. Blood samples were
collected without anticoagulant and were separated
by centrifugation at 1800 × g for 10 min and room
temperature. Serum samples were stored at -70 ℃.
These procedures were completed within 6 h of sample
collection. All samples were collected and frozen
according to standardized procedures and tested in a
central laboratory. HBsAg was detected by EILSA (Kehua
Bio-Engineering Co. Ltd., Shanghai, China). Each
reaction plate included two negative controls, three
positive controls, and one blank control. More than 10%
of the samples were randomly selected for repeated
assays, and the results were 97% concordant.

Statistical analysis

Differences in demographic characteristics between
HBsAg-positive and -negative groups were calculated
using the Student t test or one-way analysis of variance
2
(for continuous variables) and the χ test (for categorical
variables). The associations of potential risk factors
with HBV infection risk were estimated by computing
the ORs and their 95%CIs from both univariate and
multivariate logistic regression analyses. The CochranArmitage test was used for trend analysis. All statistical
analyses were performed with SAS 9.1.3 software (SAS
Institute, Cary, NC, United States), and P < 0.05 in a
two-sided test was considered statistically significant.

Investigation

Before the survey was administered, community
doctors issued a notice of physical examination to
each household in the list of residents. The letter
introduced the survey objective, examination items,
and matters needing attention. Local residents willing
to participate arrived at the survey spots in the
community hospital at the appointed time. In each
community hospital, there was a survey location and
a team of 20-25 trained staff, including physicians,
nurses, and community doctors, to carry out the
investigation. A structured questionnaire was used by
trained staff to ask basic information such as name,
gender, birth date, education, occupation, marital
status, smoking, drinking, history of hypertension
and diabetes, immunization and familial history of
HBV, and possible risk factors. All investigations were
conducted through face to face interviews. Information
on children under 15 years old was provided by their
parents. Educational level was defined by academic
certificate. Persons who had frequent contact with the
public, such as an employee in a hotel, restaurant,
barbershop, and market, were defined as public service
workers. Children under 17 years old established
their immunization status from the record of the
immunization certificate kept by the parents. If they
had no information about hepatitis B immunization, it
was necessary to review the village doctor’s registry;
if these sources were not available, the status was
recorded as unvaccinated. In cases in which adults had
no immunization records, immunization information
for adults was from memory recall (vaccinated,
unvaccinated, or unknown).

RESULTS
Basic characteristics

The characteristics of the study population are shown
in Table 1. Among the 148931 participants, 0.79%
were aged 1-4 years, 18.83% aged 5-19 years, and
80.38% ≥ 20 years. The male to female ratio was
0.82:1. Among those aged ≥ 20 years, 88.88% were
married, 57.27% were illiterate or had a primary
school diploma, 33.72% were agricultural workers,
and 72.80% and 79.75% never smoked and drank,
respectively. The proportion of those adults without
a history of hypertension and diabetes were 82.97%
and 97.49%, respectively. In all age groups, subjects
with a familial history of HBV and those reporting any
hepatitis B vaccination were 8.23% and 34.28%.

Prevalence of HBsAg in the survey

Among the 148931 participants studied, 11469
were HBsAg positive, while the overall prevalence of
HBsAg in this study population was 7.70% (95%CI:
7.57%-7.84%). There was a great variation in HBsAg
positivity among different age and gender groups. The
prevalence was low in children (0.70%-0.77%), but
increased progressively from adolescents (1.40%-2.55%)
to adults aged ≥ 20 years (5.69%-11.22%) (Figure
1). Meanwhile, men had a higher prevalence of HBV
infection than women in all age strata except the 5-9

Serological testing

Blood samples collected from each study participant
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Table 1 Characteristics of the study population n (%)

Male

14
Value

Age (yr)

1175 (0.79)
28046 (18.83)
119710 (80.38)
67319 (45.20)
81612 (54.80)
6614 (5.53)
106395 (88.88)
6264 (5.23)
437 (0.37)
68552 (57.27)

1-4
5-19
≥ 20
Sex
Male
Female
Marital status (≥ 20 yr)
Unmarried
Married
Divorced
Unknown
Education (≥ 20 yr)
Illiterate or primary
school
Middle school
College school
Unknown
Occupation (≥ 20 yr)
Agricultural worker
Worker
Student
Civil servant
Public service worker
Unemployed
Others
Unknown
Smoking status (≥ 20 yr)
Never
Current
Past
Unknown
Drinking status (≥ 20 yr)
Never
Frequently
Every day
Unknown
BMI (kg/m2) (≥ 20 yr)
< 18.5
18.5-24
24-28
≥ 28
History of hypertension (≥ 20 yr) No
Yes
History of diabetes (≥ 20 yr)
No
Yes
Familial history of HBV
No
Yes
Unknown
Immunization history of HBV
No
Yes
Unknown

Total

10
8
6
4
2
0

1-4

5-9 10-14 15-19 20-29 30-39 40-49 50-59 60-69 ≥ 70
Age (yr)

43460 (36.31)
7097 (5.93)
599 (0.50)
40363 (33.72)
40530 (33.86)
1248 (1.04)
5129 (4.28)
5222 (4.36)
21763 (18.18)
4883 (4.08)
572 (0.48)
87144 (72.80)
27024 (22.57)
2731 (2.28)
2811 (2.35)
95470 (79.75)
5900 (4.93)
2132 (1.78)
16208 (13.54)
4238 (3.54)
59117 (49.38)
41559 (34.72)
14796 (12.36)
99327 (82.97)
20383 (17.03)
116701 (97.49)
3009 (2.51)
132997 (91.06)
12016 (8.23)
1034 (0.71)
75868 (51.77)
50233 (34.28)
20444 (13.95)

Figure 1 Age, gender-specific prevalence of hepatitis B surface antigen in
China.

school groups (8.05%, 95%CI: 7.42%-8.70%). HBsAg
prevalence was significantly lower among students
(6.81%, 95%CI: 5.48%-8.35%) and unemployed
groups (6.74%, 95%CI: 6.41%-7.08%). The prevalence
of HBsAg was higher in participants who had no history
of hepatitis B vaccine, while it was lower in participants
without a family history of HBV (P < 0.05 for both
comparisons).

Risk factors

The frequency of various risk factors associated with
HBV infection and the calculated crude OR estimated
by univariate and multivariate analysis are shown
in Tables 3 and 4. Among the population aged 1-19
years, age, sex, hepatitis B immunization, and familial
history of HBV were correlated with HBsAg positivity.
However, after adjusting for those variables, older age
(OR = 4.12, 95%CI: 1.93-8.75 for 15-19 years vs 1-4
years group) and familial history of HBV (OR = 2.0,
95%CI: 1.88-2.13) were associated with an increased
risk of HBV infection. Participants with a history of
immunization had a 29% decrease in the risk of HBV
infection.
Among the population aged ≥ 20 years, univariate
logistic regression showed that age, sex, hepatitis B
immunization, familial history of HBV, invasive testing,
and sharing needles were correlated with HBsAg
positivity. After adjusting for those variables, older
age (OR = 1.18, 95%CI: 1.08-1.30 for 30-39 years
vs 20-29 years group), familial history of HBV (OR =
1.93, 95%CI: 1.83-2.05), invasive testing (OR = 1.18,
95%CI: 1.11-1.26), and sharing needles (OR = 1.44,
95%CI: 1.12-1.86) were associated with an increased
risk of HBV infection. However, female gender and a
history of HBV immunization had a significant decrease
in the risk of HBV infection (OR = 0.72, 0.52 for
gender and immunization, respectively).

BMI: Body mass index.

years age group.
The prevalence of HBsAg stratified by other demo
graphic and selected variables in this study population
is described in Table 2. Significant differences were
observed in marital status, education level, occupation,
immunization and familial history of HBV about the
prevalence of HBsAg. Among participants aged ≥ 20
years, the HBsAg prevalence among married participants
(9.41%, 95%CI: 9.24%-9.59%) was higher than among
the unmarried (7.36%, 95%CI: 6.75%-8.02%) or
divorced (7.28%, 95%CI: 6.65%-7.95%) participants.
HBsAg prevalence increased with decreasing education
level. Participants who were illiterate or had primary
school diplomas had the highest HBsAg prevalence
(9.82%, 95%CI: 9.60%-10.05%), followed by middle
school (8.35%, 95%CI: 8.09%-8.62%) and college
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Female

12
Prevalence (%)

Variables

Relationship between familial history of HBV and
prevalence of HBsAg

Among the 148931 participants studied, 12016
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Table 2 Prevalence of hepatitis B surface antigen by other demographic and selected variables in Eastern China
Variables

HBsAg negative (n = 137462)

HBsAg positive (n = 11469)

Prevalence (%, 95%CI)

6127
96383
5808

487
10012
456

7.36 (6.75-8.02)
9.41 (9.24-9.59)
7.28 (6.65-7.95)

61819
39830
6526

6733
3630
571

9.82 (9.60-10.05)
8.35 (8.09-8.62)
8.05 (7.42-8.70)

36186
36717
1163
4672
4749
20297
4411

4177
3813
85
457
473
1466
472

10.35 (10.05-10.65)
9.41 (9.13-9.70)
6.81 (5.48-8.35)
8.91 (8.14-9.72)
9.06 (8.29-9.87)
6.74 (6.41-7.08)
9.67 (8.85-10.53)

68111
48430

7757
1803

10.22 (10.01-10.44)
3.59 (3.43-3.76)

123472
10319

9525
1697

7.16 (7.02-7.30)
14.12 (13.50-14.76)

Marital status (≥ 20 yr)
Unmarried
Married
Divorced
Education (≥ 20 yr)
Illiterate or primary school
Middle school
College school
Occupation (≥ 20 yr)
Agricultural worker
Worker
Student
Civil servant
Public service worker
Unemployed
Others
Immunization history of HBV
No
Yes
Familial history of HBV
No
Yes

P value
< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

HBsAg: Hepatitis B surface antigen.

Table 3 Risk factors associated with hepatitis B surface antigen positivity among population aged 1-19 years
Variables
Age group (yr)
5-9 vs 1-4
10-14 vs 1-4
15-19 vs 1-4
Sex (female vs male)
Immunization history of HBV (yes vs no)
Familial history of HBV (yes vs no)

uaj. OR (95%CI)

P value

aj. OR (95%CI)

P value

0.91 (0.45-1.86)
1.84 (0.93-3.63)
3.39 (1.74-6.60)
0.89 (0.74-1.07)
0.50 (0.35-0.70)
2.52 (1.83-3.49)

0.805
0.078
< 0.001
0.218
< 0.001
< 0.001

1.14 (0.52-2.54)
1.18 (0.86-3.21)
4.12 (1.93-8.75)
0.71 (0.49-0.98)
2.00 (1.88-2.13)

0.740
0.095
< 0.001
0.028
< 0.001

aj. OR: Logistic regression analyses adjusted for age group, familial history of HBV, and immunization history of HBV; uaj.: Unadjusted.

Table 4 Risk factors associated with hepatitis B surface antigen positivity among population aged > 19 years
Variables
Age group (yr)
30-39 vs 20-29
40-49 vs 20-29
50-59 vs 20-29
60-69 vs 20-29
≥ 70 vs 20-29
Sex (female vs male)
Familial history of HBV (yes vs no)
Immunization history of HBV (yes vs no)
Hospitalization (yes vs no)
Surgery (yes vs no)
Blood transfusion (yes vs no)
Blood donation (yes vs no)
Invasive testing (yes vs no)
Hemodialysis (yes vs no)
Acupuncture (yes vs no)
Dental therapy (yes vs no)
Tattoos (yes vs no)
Piercing (yes vs no)
Sharing needles (yes vs no)
Sharing razors (yes vs no)
Sharing toothbrush (yes vs no)

uaj. OR (95%CI)

P value

aj. OR (95%CI)

P value

1.52 (1.41-1.65)
1.35 (1.25-1.45)
1.32 (1.22-1.42)
1.04 (0.96-1.13)
0.92 (0.85-1.10)
0.74 (0.71-0.77)
1.90 (1.80-2.01)
0.56 (0.53-0.59)
0.95 (0.92-1.04)
0.92 (0.85-1.03)
1.00 (0.88-1.13)
0.88 (0.75-1.12)
1.44 (1.36-1.53)
0.56 (0.20-1.53)
0.94 (0.87-1.09)
0.88 (0.82-1.01)
1.24 (0.84-1.82)
0.97 (0.92-1.03)
1.40 (1.09-1.80)
0.90 (0.81-1.02)
1.04 (0.76-1.41)

< 0.001
< 0.001
< 0.001
0.339
0.962
< 0.001
< 0.001
< 0.001
0.227
0.312
0.966
0.215
< 0.001
0.255
0.612
0.061
0.280
0.388
0.008
0.478
0.814

1.18 (1.08-1.30)
0.97 (0.88-1.06)
0.87 (0.79-1.02)
0.84 (0.57-1.02)
0.81 (0.69-1.02)
0.72 (0.69-0.75)
1.93 (1.83-2.05)
0.52 (0.49-0.56)
1.18 (1.11-1.26)
1.44 (1.12-1.86)
-

< 0.001
0.494
0.108
0.212
0.478
< 0.001
< 0.001
< 0.001
< 0.001
0.005
-

aj. OR: Logistic regression analyses adjusted for age group, sex, familial history of HBV, immunization history of HBV, invasive testing, and sharing needles.
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Table 5 Cumulative effects of familial history of hepatitis B virus on hepatitis B virus infection
Variables

HBsAg negative

Mother
1031
Father
2488
Spouse (≥ 20 yr)
3363
Offspring (≥ 20 yr)
1817
Siblings
1059
Other families
1061
Combined familial history of HBV and HBV infection
0
123472 (92.29)
1
9838 (7.36)
2
462 (0.34)
3-6
19 (0.01)
Trend
0
123472 (92.29)
1-6
10319 (7.71)

HBsAg positive

OR (95%CI)

P value

317
432
531
283
353
130

3.57 (3.12-4.08)
1.95 (1.75-2.17)
1.02 (1.00-1.04)
1.61 (1.41-1.83)
3.10 (2.73-3.51)
1.57 (1.30-1.89)

< 0.001
< 0.001
0.041
< 0.001
< 0.001
< 0.001

9525 (84.88)
1562 (13.95)
121 (1.05)
14 (0.12)

1
1.93 (1.82-2.05)
3.19 (2.60-3.92)
9.82 (4.80-20.11)

9525 (84.88)
1697 (15.12)

1
2.00 (1.89-2.12)

< 0.001
< 0.001
< 0.001
< 0.0011
< 0.001

1

The P value of Cochran-Armitage’s trend test. Logistic regression analyses adjusted for age, sex, and immunization history of
HBV.

12

100
98.34 98.75 98.32

91.58

Un-immunized
10

61.53

60
40

31.10
20.72 19.09
12.28

20
0

Prevalence (%)

Prevalence (%)

80

1-4

P < 0.001

Immunized

8

P < 0.001
6
4
2

4.59
0

5-9 10-14 15-19 20-29 30-39 40-49 50-59 60-69 ≥ 70

1-19 yr

≥ 20 yr

Age (yr)

Figure 3 Age- and hepatitis B immunization-specific prevalence of
hepatitis B surface antigen in China.

Figure 2 Age-specific prevalence of hepatitis B immunization in China.

(8.28%, 95%CI: 8.14%-8.43%) had a familial history
of HBV. When different classes of relatives were
analyzed separately, HBV infection risks showed a
statistically significant increase for mothers, fathers,
spouses, offspring and siblings (Table 5). In particular,
mothers and siblings who were HBsAg seropositive
significantly increased risk by 25.7% and 21.0%,
respectively. We evaluated the combined effects
by adding up the number of families with HBsAg
seropositivity. The ORs for risk of HBV infection
increased concomitantly with the number of HBsAgseropositive family members (Table 5). Participants
with 3-6 family members who were HBsAg seropositive
were significantly associated with HBV infection (OR =
9.82, 95%CI: 4.80-20.11), compared with participants
without a familial history of HBV.

in vaccination prevalence associated with increasing
age (Figure 2). There was great variation in immu
nization prevalence among different age groups,
ranging from 98.75% to 4.59%. The rate among
children aged 1-19 years born after the hepatitis
B vaccine was recommended for routine childhood
immunization was 93.30% (95%CI: 93.01%-93.58%).
Among all hepatitis-B-vaccinated persons in this study,
the main methods of immunization were planned
immunization and collective organization vaccination
(44.84% and 41.10%, respectively). The main reason
for lack of immunization was that participants had little
information about hepatitis B vaccination (80.60%).
The prevalence of HBsAg among vaccinated persons
was only 3.59% (95%CI: 3.56%-3.90%), compared
to 10.22% (95%CI: 10.15%-11.63%) among
unvaccinated persons (p < 0.001). This difference was
proportionally greater in adult groups (Figure 3).

Relationship between hepatitis B immunization and
prevalence of HBsAg

Among the 126101 participants effectively surveyed
about hepatitis B immunization, 50233 (39.84%,
95%CI: 35.57%-40.11%) had a history of HBV
immunization. There was a significant decreasing trend

WJG|www.wjgnet.com

DISCUSSION
We report here a community-based epidemiological
study of HBV infection in a large sample from an Eastern
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Chinese population. Unlike the previous populationbased epidemiological studies that were mainly from
Europe and North America, the prevalence of HBV
infection and characterization of prevailing hepatitis
B immunization in the same population provide new
insight into the contribution of HBV to the causation
of liver disease in China, and this knowledge may also
be relevant to other countries; particularly those with
[11-16]
similar levels of endemicity
. Earlier studies of HBV
prevalence mostly focused on high-risk populations
such as drug users, paid blood donors, and MSM in
[6-10,17,18]
China and other countries
. However, owing to
low numbers of children and elderly in these groups
investigated, their results cannot be extrapolated to
the general population.
Without a strict standard of sampling procedures,
prior community-based studies on HBV prevalence
in Eastern China could not eliminate bias. Compared
with these prior studies, this study involved a greater
[19-21]
number of participants
. Moreover, the present
investigation used a multistage sampling procedure.
Zhangjiagang, Danyang and Taixing were chosen
to represent southern, middle and northern sites of
Jiangsu province, Eastern China, respectively. This
aimed to eliminate bias from local social, economic
or cultural factors that might be associated with the
prevalence of HBV. Twenty communities were randomly
chosen in each county. Finally, all local residents in
those 60 communities were targeted for participation
by cluster sampling. Therefore, the data in this study
with a rigorous standard of sampling procedures and a
large sample size represents the general population in
Jiangsu effectively.
The prevalence of HBsAg (7.70%, 95%CI: 7.57%7.84%) in the present survey was close to that of
the whole country (7.20%) and southeast area
[4,19]
(7.90%)
. The age-specific prevalence of HBV in the
study was low in children (0.70%-0.77%) but increased
progressively from adolescents (1.40%-2.55%)
to adults aged ≥ 20 years (5.69%-11.22%). This
suggests a cumulative increase of incidence of infection,
probably as a result of the sporadic transmission of
infection persisting in the community through the
years. In this survey, men had a higher prevalence
of HBV infection than women. This may be because
drug users are more likely to be male, which may lead
the prevalence among males to be higher, or because
cultural factors induce women to focus on their health
status and pay more attention to personal hygiene in
China, which may effectively decrease the risk of HBV
infection.
Our multivariate analysis revealed that among
adults aged ≥ 20 years, invasive testing and sharing
needles increased the risk of HBV infection. One
reason might be that the general population in that
period had less education on health care, and a lack
of knowledge about modes of viral transmission also
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increased the risk of infection. Another reason might
be the scarcity of systematically trained physicians.
Without high standards for medical training, most
medical staff may not be able to understand HBV
and sterilization procedures well. However, the most
influential factor associated with HBV was a familial
history of HBV and hepatitis B vaccination in both
children and adults groups. One of the reasons for this
might be mother-to-child vertical transmission, which
[22]
is the main route of chronic HBV infection in China .
Meanwhile, studies also indicate that chronic infection
with HBV may closely related to the transmission
of HBV between siblings during childhood in certain
[23,24]
areas
.
After the hepatitis B vaccine was recommended
for routine infant immunizations in 1992, and espe
cially after it was fully integrated into routine infant
immunizations in 2002, newborn children had less HBV
[25]
infection and lower HBsAg prevalence . The decline
of HBsAg will eventually decrease the prevalence
of HBsAg and the future incidence of cirrhosis and
[3,26,27]
hepatocellular carcinoma
. One cohort study
has estimated that on a global scale, the vaccine has
prevented 16-20 million HBV carriers and 2.8-3.5
[28]
million future HBV infections and deaths . Most of
the unimmunized population that we studied lacked
knowledge about the hepatitis B vaccine. Therefore,
health education of the general older population
is important and may prove useful in preventive
interventions in China.
In a large country like China, having populationbased data on HBV prevalence will be informative.
At present, China has successfully decreased the
number of HBsAg carriers and reached the national
goal of reducing HBsAg prevalence to < 1% among
children under 5 years, and the hepatitis B immuni
zation rate to > 90% among teenagers, < 20 years
after integrating hepatitis B vaccine into routine
immunization programs. However, the national goal for
the whole population of decreasing the prevalence of
HBsAg to < 7% has not yet been achieved. Therefore,
free immunization of infants should be maintained,
expanded vaccination is needed for adults, especially,
in those aged ≥ 30 years, and health education should
be further strengthened to limit the spread of HBV
infection.

ACKNOWLEDGMENTS
We thank the students who have worked on the study,
including Ying-Ying Zhu, Qing Wang, Hui Zheng, YuanYuan Zhang, Yin Xu, Wen-Zhe Ma. We also thank
the staff from the Centers for Disease Control and
Prevention of Jiangsu province for organization of
the field investigation. This research would not have
been possible without the consent and help of the
participants.

7848

July 7, 2015|Volume 21|Issue 25|

Huang P et al . Prevalence of HBV in Jiangsu

COMMENTS
COMMENTS
Background

9

Hepatitis B virus (HBV) poses a serious global health problem because of its
adverse clinical outcomes, such as cirrhosis and hepatocellular carcinoma.
The WHO estimates there are approximately 2 billion people infected by HBV
worldwide, and 240 million of them have chronic infection. In China, a highly
endemic area, the national prevalence for hepatitis B surface antigen (HBsAg)
positivity is 7.20%.

10

Research frontiers

Many studies have suggested that the incidence of newly acquired HBV
infection in China has declined steadily since the 1990s by virtue of a number
of public health interventions, such as the screening of pregnant women and
the vaccination of infants and adolescents, the promotion of safe injection
practices, and the development of health education in general. Yet HBV
infection prevalence is still high among Chinese high-risk populations such as
drug users and men who have sex with men.

11

Innovations and breakthroughs

The present study aimed to evaluate the impact of the hepatitis B vaccination
program since 1992 in a large general population, and to clarify the relationship
between socioeconomic status or familial history and the HBV carrier state.

12

Applications

7.70% were positive for HBsAg which has not achieved the national goal for
the whole population in decreasing the prevalence of HBsAg to < 7%. The
prevalence was just 0.77% among children aged < 5 years and the rate of HBV
immunization among teenagers < 20 years was 93.30%, which have reached
the national goal of < 1% and > 90%, respectively.

13

14

Peer-review

It is important to know impact of the hepatitis B vaccination program. The
study is innovative in nature. The original study conducted on large groups of
participants is very valuable.

15

REFERENCES
1
2
3

4

5

6

7

8

16

Lavanchy D. Chronic viral hepatitis as a public health issue in
the world. Best Pract Res Clin Gastroenterol 2008; 22: 991-1008
[PMID: 19187863 DOI: 10.1016/j.bpg.2008.11.002]
El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology 2012; 142: 1264-1273.e1 [PMID:
22537432 DOI: 10.1053/j.gastro.2011.12.061]
Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology
of hepatitis B virus infection: new estimates of age-specific HBsAg
seroprevalence and endemicity. Vaccine 2012; 30: 2212-2219
[PMID: 22273662 DOI: 10.1016/j.vaccine.2011.12.116]
Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, Zhang Y, Liu J,
Gong X, Chen Y, Wang F, Zheng H, Wang F, Guo J, Jia Z, Ma
J, Wang H, Luo H, Li L, Jin S, Hadler SC, Wang Y. Reprint of:
Epidemiological serosurvey of Hepatitis B in China--declining
HBV prevalence due to Hepatitis B vaccination. Vaccine
2013; 31 Suppl 9: J21-J28 [PMID: 23948229 DOI: 10.1016/
j.vaccine.2013.08.012]
Siddiqui MR, Gay N, Edmunds WJ, Ramsay M. Economic
evaluation of infant and adolescent hepatitis B vaccination in the
UK. Vaccine 2011; 29: 466-475 [PMID: 21073988 DOI: 10.1016/
j.vaccine.2010.10.075]
Zhou YH, Liu FL, Yao ZH, Duo L, Li H, Sun Y, Zheng YT.
Comparison of HIV-, HBV-, HCV- and co-infection prevalence
between Chinese and Burmese intravenous drug users of the
China-Myanmar border region. PLoS One 2011; 6: e16349 [PMID:
21283696 DOI: 10.1371/journal.pone.0016349]
Nelson PK, Mathers BM, Cowie B, Hagan H, Des Jarlais D,
Horyniak D, Degenhardt L. Global epidemiology of hepatitis B
and hepatitis C in people who inject drugs: results of systematic
reviews. Lancet 2011; 378: 571-583 [PMID: 21802134 DOI:
10.1016/S0140-6736(11)61097-0]
Ruan Y, Liang S, Zhu J, Li X, Pan SW, Liu Q, Song B, Wang
Q, Xing H, Shao Y. Evaluation of harm reduction programs
on seroincidence of HIV, hepatitis B and C, and syphilis

WJG|www.wjgnet.com

17

18

19

20

21

22
23

7849

among intravenous drug users in southwest China. Sex Transm
Dis 2013; 40: 323-328 [PMID: 23486498 DOI: 10.1097/
OLQ.0b013e31827fd4d4]
Ruan Y, Luo F, Jia Y, Li X, Li Q, Liang H, Zhang X, Li D, Shi
W, Freeman JM, Vermund SH, Shao Y. Risk factors for syphilis
and prevalence of HIV, hepatitis B and C among men who have
sex with men in Beijing, China: implications for HIV prevention.
AIDS Behav 2009; 13: 663-670 [PMID: 19082879 DOI: 10.1007/
s10461-008-9503-0]
Ma X, Zhang Q, He X, Sun W, Yue H, Chen S, Raymond HF, Li Y,
Xu M, Du H, McFarland W. Trends in prevalence of HIV, syphilis,
hepatitis C, hepatitis B, and sexual risk behavior among men who
have sex with men. Results of 3 consecutive respondent-driven
sampling surveys in Beijing, 2004 through 2006. J Acquir Immune
Defic Syndr 2007; 45: 581-587 [PMID: 17577125 DOI: 10.1097/
QAI.0b013e31811eadbc]
Kim WR, Benson JT, Therneau TM, Torgerson HA, Yawn BP,
Melton LJ. Changing epidemiology of hepatitis B in a U.S.
community. Hepatology 2004; 39: 811-816 [PMID: 14999701
DOI: 10.1002/hep.20098]
Mitchell AE, Colvin HM, Palmer Beasley R. Institute of Medicine
recommendations for the prevention and control of hepatitis B
and C. Hepatology 2010; 51: 729-733 [PMID: 20186842 DOI:
10.1002/hep.23561]
Sheikh MY, Atla PR, Raoufi R, Sadiq H, Sadler PC. Prevalence of
hepatitis B infection among young and unsuspecting Hmong blood
donors in the Central California Valley. J Community Health 2012;
37: 181-185 [PMID: 21785858 DOI: 10.1007/s10900-011-9434-y]
Chen CJ, Wang LY, Yu MW. Epidemiology of hepatitis B virus
infection in the Asia-Pacific region. J Gastroenterol Hepatol
2000; 15 Suppl: E3-E6 [PMID: 10921373 DOI: 10.1046/
j.1440-1746.2000.02124.x]
Rein DB, Lesesne SB, O’Fallon A, Weinbaum CM. Prevalence
of hepatitis B surface antigen among refugees entering the United
States between 2006 and 2008. Hepatology 2010; 51: 431-434
[PMID: 19902482 DOI: 10.1002/hep.23353]
Brouard C, Gautier A, Saboni L, Jestin C, Semaille C, Beltzer N.
Hepatitis B knowledge, perceptions and practices in the French
general population: the room for improvement. BMC Public Health
2013; 13: 576 [PMID: 23764171 DOI: 10.1186/1471-2458-13-576]
Zou S, Stramer SL, Notari EP, Kuhns MC, Krysztof D, Musavi
F, Fang CT, Dodd RY. Current incidence and residual risk of
hepatitis B infection among blood donors in the United States.
Transfusion 2009; 49: 1609-1620 [PMID: 19413732 DOI: 10.1111/
j.1537-2995.2009.02195.x]
Gough E, Kempf MC, Graham L, Manzanero M, Hook EW,
Bartolucci A, Chamot E. HIV and hepatitis B and C incidence rates
in US correctional populations and high risk groups: a systematic
review and meta-analysis. BMC Public Health 2010; 10: 777
[PMID: 21176146 DOI: 10.1186/1471-2458-10-777]
Luo Z, Xie Y, Deng M, Zhou X, Ruan B. Prevalence of hepatitis
B in the southeast of China: a population-based study with a large
sample size. Eur J Gastroenterol Hepatol 2011; 23: 695-700 [PMID:
21617533 DOI: 10.1097/MEG.0b013e328347322b]
Li X, Zheng Y, Liau A, Cai B, Ye D, Huang F, Sheng X, Ge F,
Xuan L, Li S, Li J. Hepatitis B virus infections and risk factors
among the general population in Anhui Province, China: an
epidemiological study. BMC Public Health 2012; 12: 272 [PMID:
22475135 DOI: 10.1186/1471-2458-12-272]
Wong VW, Wong GL, Chu WC, Chim AM, Ong A, Yeung DK,
Yiu KK, Chu SH, Chan HY, Woo J, Chan FK, Chan HL. Hepatitis
B virus infection and fatty liver in the general population. J
Hepatol 2012; 56: 533-540 [PMID: 22027575 DOI: 10.1016/
j.jhep.2011.09.013]
Lu FM, Zhuang H. Management of hepatitis B in China. Chin
Med J (Engl) 2009; 122: 3-4 [PMID: 19187608 DOI: 10.3760/cma.
j.issn.0366-6999.2009.01.001]
Ucmak H, Faruk Kokoglu O, Celik M, Ergun UG. Intra-familial
spread of hepatitis B virus infection in eastern Turkey. Epidemiol
Infect 2007; 135: 1338-1343 [PMID: 17313693 DOI: 10.1017/

July 7, 2015|Volume 21|Issue 25|

Huang P et al . Prevalence of HBV in Jiangsu

24

25

26

S0950268807008011]
Chakravarty R, Chowdhury A, Chaudhuri S, Santra A, Neogi M,
Rajendran K, Panda CK, Chakravarty M. Hepatitis B infection in
Eastern Indian families: need for screening of adult siblings and
mothers of adult index cases. Public Health 2005; 119: 647-654
[PMID: 15925680 DOI: 10.1016/j.puhe.2004.09.007]
Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, Zhang Y, Liu J,
Gong X, Chen Y, Wang F, Zheng H, Wang F, Guo J, Jia Z, Ma
J, Wang H, Luo H, Li L, Jin S, Hadler SC, Wang Y. Evaluation
of the impact of hepatitis B vaccination among children born
during 1992-2005 in China. J Infect Dis 2009; 200: 39-47 [PMID:
19469708 DOI: 10.1086/599332]
Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS,

27

28

Liang DC, Shau WY, Chen DS. Universal hepatitis B vaccination
in Taiwan and the incidence of hepatocellular carcinoma in
children. Taiwan Childhood Hepatoma Study Group. N Engl
J Med 1997; 336: 1855-1859 [PMID: 9197213 DOI: 10.1056/
NEJM199706263362602]
Lu SQ, McGhee SM, Xie X, Cheng J, Fielding R. Economic
evaluation of universal newborn hepatitis B vaccination in China.
Vaccine 2013; 31: 1864-1869 [PMID: 23384752 DOI: 10.1016/
j.vaccine.2013.01.020]
Goldstein ST, Zhou F, Hadler SC, Bell BP, Mast EE, Margolis
HS. A mathematical model to estimate global hepatitis B disease
burden and vaccination impact. Int J Epidemiol 2005; 34:
1329-1339 [PMID: 16249217 DOI: 10.1093/ije/dyi206]

P- Reviewer: Ferenci P, Kanda T, Singh S, Utama A S- Editor: Ma YJ
L- Editor: Kerr C E- Editor: Ma S

WJG|www.wjgnet.com

7850

July 7, 2015|Volume 21|Issue 25|

World J Gastroenterol 2015 July 7; 21(25): 7851-7859
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i25.7851

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Prospective Study

Tissue resonance interaction accurately detects colon
lesions: a double-blind pilot study
Maria P Dore, Marcello O Tufano, Giovanni M Pes, Marianna Cuccu, Valentina Farina, Alessandra Manca,
David Y Graham
of Gastroenterology, Dipartimento di Medicina Clinica e
Sperimentale, University of Sassari, Clinica Medica, Viale San
Pietro, n 8, 07100 Sassari, Italy. mpdore@uniss.it
Telephone: +39-79-229886
Fax: +39-79-228207

Maria P Dore, Marcello O Tufano, Giovanni M Pes, Marianna
Cuccu, Valentina Farina, Alessandra Manca, Dipartimento di
Medicina Clinica e Sperimentale, University of Sassari, 07100
Sassari, Italy
Maria P Dore, David Y Graham, Baylor College of Medicine,
Michael E DeBakey VAMC 2002 Holcombe Blvd, Houston, Tx
77030, United States

Received: December 28, 2014
Peer-review started: December 31, 2014
First decision: March 26, 2015
Revised: April 7, 2015
Accepted: May 27, 2015
Article in press: May 27, 2015
Published online: July 7, 2015

Author contributions: Dore MP, Pes GM and Graham DY
designed the study and wrote the manuscript; Dore MP,
Tufano MO, Cuccu M, Farina V and Manca A performed the
examinations, obtain informed consent and performed personal
data collection; Dore MP, Pes GM and Graham DY analyzed the
data; all authors have approved the final draft submitted.
Ethics approval: The study protocol was reviewed and approved
by the Local Ethics Committee, more specifically by the “Comitato
di Bioetica dell’Azienda Sanitaria Locale (A.S.L.) n° 1 di Sassari”.

Abstract
AIM: To investigated the performance of the tissue
resonance interaction method (TRIM) for the noninvasive detection of colon lesions.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: We performed a prospective single-center
blinded pilot study of consecutive adults undergoing
colonoscopy at the University Hospital in Sassari, Italy.
Before patients underwent colonoscopy, they were
examined by the TRIMprobe which detects differences
in electromagnetic properties between pathological
and normal tissues. All patients had completed the
polyethylene glycol-containing bowel prep for the
colonoscopy procedure before being screened. During
the procedure the subjects remained fully dressed. A
hand-held probe was moved over the abdomen and
variations in electromagnetic signals were recorded
for 3 spectral lines (462-465 MHz, 930 MHz, and
1395 MHz). A single investigator, blind to any clinical
information, performed the test using the TRIMprob
system. Abnormal signals were identified and recorded
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as malignant or benign (adenoma or hyperplastic
polyps). Findings were compared with those from
colonoscopy with histologic confirmation. Statistical
2
analysis was performed by χ test.

2015; 21(25): 7851-7859 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i25/7851.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7851

RESULTS: A total of 305 consecutive patients fulfilling
the inclusion criteria were enrolled over a period of 12
months. The most frequent indication for colonoscopy
was abdominal pain (33%). The TRIMprob was
well accepted by all patients; none spontaneously
complained about the procedure, and no adverse
effects were observed. TRIM proved inaccurate for
polyp detection in patients with inflammatory bowel
disease (IBD) and they were excluded leaving 281
subjects (mean age 59 ± 13 years; 107 males). The
TRIM detected and accurately characterized all 12
adenocarcinomas and 135/137 polyps (98.5%) including
64 adenomatous (100%) found. The method identified
cancers and polyps with 98.7% sensitivity, 96.2%
specificity, and 97.5% diagnostic accuracy, compared
to colonoscopy and histology analyses. The positive
predictive value was 96.7% and the negative predictive
value 98.4%. Among the 281 non-IBD subjects, there
were 7 cases with discordant results (2.5%) between
TRIMprob and the reference standard including 5 false
positive results (1.8%) and 2 false negative (0.7%)
results. The main limitation of the TRIMprob system is
the need for trained operators.

INTRODUCTION
Colon rectal cancer (CRC) is a common disease world
wide and is associated with a high morbidity and
[1]
mortality . Despite improvement in cancer detection
and treatment, the American Cancer Society estimated
that more than 50 thousand of Americans would
[2]
die of CRC in 2013 . Clinical outcomes in CRC are
closely related to the stage of the disease at presenta
tion. Current colon cancer prevention programs are
predicated on identifying and removing premalignant
and malignant lesions curable by local resection.
Population screening with fecal occult blood testing,
endoscopy, or radiology are currently being used in an
attempt to reduce both the incidence and mortality from
[3]
CRC .
Colonoscopy is currently the single best diagnostic
test since it can identify, biopsy, and remove lesions
[4]
throughout the large bowel . Because most CRC are
thought to develop from adenomas, the detection and
removal of premalignant polyps has the potential, and
has been proven, to reduce deaths from CRC. Despite
major programs for CRC screening in many countries,
approximately 50% of the cases of colon cancer are
[5]
still diagnosed at a late stage , and test utilization is
largely influenced by demographic and social-cultural
[6]
factors .
Ongoing research to identify methods to enrich the
proportion of patients with positive findings among
the population undergoing colonoscopy have included
development of improved methods for detection of fecal
[7]
occult bleeding and fecal DNA testing . A potential
alternate approach, as described here, is based on
an electronic device employing frequency-selective
(resonant) absorption of electromagnetic waves
capable of detecting biological anomalies in tissue in
vivo such as inflammation, fibrosis, and malignant solid
tumors developed by the Italian physicist, Clarbruno
[8,9]
Vedruccio
. This technology uses a non-linear
radiofrequency oscillator probe emitting electromagnetic
waves at 462-465, 930, and 1395 MHz, plus harmonics
[10,11]
as previously described
. This non-linear resonance
interaction provides a selective characterization,
that can be likened to an “electronic biopsy” of the
tissues. The biophysical mechanisms responsible for
differences in electromagnetic waves absorption have
not yet been entirely elucidated. In the case of cancer,
[12]
Pokorný et al
proposed that the effect is related
to a mitochondrial malfunction (the Warburg effect)
associated with increased damping of microtubule[13,14]
based cellular elasto-electrical vibration states
. The
principle of detection lies in the resonance between
the coupled active nonlinear oscillator (the probe) and

CONCLUSION: The study confirmed that TRIM pr
ovides rapid, accurate, convenient and noninvasive
means to identify individuals most likely to benefit
from colonoscopy.
Key words: Colon cancer screening; Bioscanner; noninvasive diagnosis; Electromagnetic; Resonance
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study we evaluated the potential
role of a non-invasive method: the tissue resonance
interaction method or TRIMprob, for enriching the
population for colonoscopy with patients most likely
to benefit. The apparatus was initially developed by
the Italian scientist Clarbruno Vedruccio for military
purpose and is another example of technology
originally developed for military purpose adapted
for medical use. The method is designed to detect
differences in electromagnetic properties of pathologic
and normal tissues and is currently being used in
cancer detection in a number of other organs. The
sensitivity, specificity and accuracy of the TRIMprob
for detecting and correctly identifying colon cancer
or polyps compared to endoscopy with histological
examination were greater than 95%.
Dore MP, Tufano MO, Pes GM, Cuccu M, Farina V, Manca A,
Graham DY. Tissue resonance interaction accurately detects
colon lesions: a double-blind pilot study. World J Gastroenterol
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operator remained blinded to the results of the
alternate method until the study was completed.

Inclusion criteria

Consecutive patients aged 18 years and older att
ending the general gastroenterology section at the
University Hospital in Sassari, Italy (Clinica Medica),
with an indication for colonoscopy for any reason, were
invited to participate.

Exclusion criteria

Patients with an implanted pacemaker and pregnant
women.

Figure 1 colon area is scanned with the TRIMprob while the patient
remains normally dressed and standing approximately 2 m in front of the
receiver placed at the level of abdominal wall.

Ethics statement

Written informed consent was obtained from each
participant. The study protocol was approved by the
Local Ethics Committee, more specifically by the
“Comitato di Bioetica dell’Azienda Sanitaria Locale
(A.S.L.) n° 1 di Sassari” (supplemental material,
Appendix 1). There was no device company or com
mercial sponsor for this study.

Display

Receiver

Probe

TRIMprob examination

Remote control

The system consists of a work-station plus a battery
powered hand-held probe 30 cm long with a tunable,
autonomous, non linear oscillator that emits low
intensity electromagnetic waves (similar to that
experienced during the use of a cordless telephone).
The work station is composed by a personal computer
assisted spectrum analyzer-receiver to process and
display the interaction between the radiofrequency
probe emission and the diseased tissue (Figure 2).
In this study, a hand-held computer (PSA2701T-2.7
GHz RF Spectrum Analyzer Thurlby Thandar Instru
ments, Ltd, Huntingdon, United Kingdom), was added
to the system; wave variations were displayed on the
personal computer screen using a logarithmic scale
and expressed in arbitrary units of 0-255 and also
in decibel (dBm) by the hand-held computer based
spectrum analyzer to facilitate signal interpretation by
the operator (Figure 1).
A single investigator (MOT), blind to any clinical
information, performed the test using the TRIMprob
system (Galileo Avionica, Turin, Italy) approved by
the “Ministero della Salute” (corresponding to the
Italian FDA) as a medical device, and certified by the
European Union (supplemental material, Appendix
2-4). The operator is a physician radiologist with
expertise in ultrasound and specifically trained on the
TRIMprob system with a multi-organ experience of
more than 10 thousand TRIMprob examinations.
The test was performed approximately 15 min
before the scheduled colonoscopy. All patients had
completed the polyethylene glycol (PEG)-containing
bowel prep for the colonoscopy procedure before being
screened by the TRIM system. During the procedure
the subjects remained fully dressed. The probe was

Figure 2 TRIMprob Medical Device. The system is composed of the
exploratory probe, the receiver (a spectrum analyzer), and a computer with
dedicated software to record patient information and store TRIMprob data.

the passive oscillator (the tissue) in the radiofrequency
range of the electromagnetic spectrum. Tissue
suspected of harboring disease is irradiated by means
of a hand-held probe placed 1 to 2 m from the patient,
captured by using a special antenna and analyzed
through a spectrum analyzer (Figure 1). The device
has a high dynamic range, in the order of 30 decibel
[8,15,16]
(dBm) or more, and can thus detect small lesions
.
Originally the apparatus was developed for military
purposes and is another example of technology being
adapted for medical use.
Prior clinical experience with the TRIMprob has
proven the method to be simple and reliable with
high diagnostic yield when used for detection of
[9,15-17]
[18]
[19]
prostate
, breast , and bladder cancers , thyroid
[20]
carcinoma in patients with multinodular goiter ,
[21]
[22]
gastric cancer , and rectal cancer . The aim of this
study was to extend the use of the TRIMprob to the
non-invasive detection of colon lesions. We therefore
compared the TRIMprob method for detection of colonic
cancer and polyps to the results of colonoscopy with
histology.

MATERIALS AND METHODS
Study design

This was a prospective single-center, operator-blinded,
pilot study. The clinicians, endoscopists and TRIMprob
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Table 1 Results of the preliminary study to establish criteria for the outcomes assessed in the blinded trial
Spectral line

465 MHz
930 MHz
1395 MHz

1

High-grade

2

Normal

Hyperplastic

Low-grade

mucosa

polyps

adenoma

adenoma

carcinomas

Adeno

(n = 47)

(n = 29)

(n = 16)

(n = 4)

(n = 10)

0
0
0

0
> 40
0

25-30
> 40
0-10

30-35
> 40
65-70

60-70
35-45
35-45

1

Low-grade dysplasia; 2High-grade dysplasia. Threshold values are represented in decibel by the hand-held computer (PSA2701T-2.7 GHz RF Spectrum
Analyzer Thurlby Thandar Instruments, Ltd, Huntingdon, United Kingdom), spectrum analyzer, for each of the three spectral lines for normal and specific
biological anomaly of colonic mucosa.

moved over the surface of the abdomen (Figure 1),
from the upper to the lower right and left quadrants
of the abdomen, including the pelvic area in order to
perform a complete examination of the colon segments
and rectum. In addition, the perineal area was screened
in order to exclude malignancies from the uterus or
prostate.
The colon was irradiated through the abdomen wall
by the field resulting from the TRIM antenna. Nonlinear
resonance interactions between the nonlinear oscillator
and the tissue reduce the emitted wave energy at
distinct frequencies on the basis of the pathological
state of the tissue being examined and a reduction in
signal amplitude indicates the presence of abnormal
tissues or structures. Amplitude changes of the emitted
signals at the established frequencies of 465, 930, and
1395 MHz were recorded in an electronic file as a value
of the corresponding spectral line expressed in decibel,
for each position. The entire patient examination took
8 ± 1.5 min.

greater than 60%.

Statistical analysis

A preliminary study was done prior to starting the
blinded study and included 100 patients and 10 stool
samples which were examined in vitro to determine
the best threshold values for each of the three spectral
lines using Receiver Operator Characteristics curves.
The best cut-off for each frequency was determined
by maximizing the sum of sensitivity + specificity
(supplemental material, Appendix 6). Results of the
interactions between the electromagnetic field emitted
by the probe and normal/pathological tissue are shown
in Table 1.
Sessile serrated adenoma/polyps were not found
in this cohort of patients independently evaluated. The
presence of stool appears as a decrease of 25 dBm in
the first spectral line.
Analysis of the data from the blinded trial: The
results of TRIMprob analysis were compared to that
of the reference gold standard in a 2 × 2 contingency
table, the absolute number of true positives (TPs),
false positives (FPs), true negatives (TNs), and false
negatives (FNs) was determined. The sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) of the TRIM procedure compared
to the gold standard (colonoscopy with histologic
confirmation) were calculated and 95% confidence
intervals (CI) were estimated with the Wilson score
[23]
method . The Matthews correlation coefficient (MCC)
[24]
was calculated , as a balanced measure of agreement
between the two methods under comparison. For each
study participant the most advanced colon lesion was
considered in order to assign the patient to a diagnostic
category. All analyses were performed with the SPSS
statistical package (v. 16.0, Chicago, United States)
and P-values lower or equal than 0.05 were considered
statistically significant. The statistical review of the
study was performed by a biomedical statistician. This
[25]
report was done following STARD guidelines .

Colonoscopy

Patients were provided written and verbal instructions
about bowel preparation. The conventional four
liter-dose PEG regimen combined with a strict liquid
diet for a full day was used (supplemental material,
Appendix 5).
Polyp size was assessed by comparing the polyp
dimensions with the maximum jaw width of a fully
open biopsy forceps (9 mm). Polyps equal to or
smaller than one-half of the distance between the tips
of the open biopsy forceps were termed diminutive
polyps (≤ 5 mm), polyps between 6-9 mm small
polyps, and those greater in size were considered as
clinically significant polyps. Attempts were made to
remove and retrieve all polyps irrespective of size and
these, as well as biopsies from suspected cancers and
other mucosal abnormalities, were sent for histological
evaluation. Diminutive and small polyps were also
recorded and biopsied or cold snared.
Historically, in our endoscopic unit cecal intubation
had ranged from 95% to 97%. The proportion
of polyps of all types identified in 100 screening
colonoscopies in our population, for which there is
no regional screening program, is generally typically
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RESULTS
A total of 305 consecutive patients fulfilling the inclusion
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Table 2 Sensitivity, specificity, positive and negative predictive value of the TRIMprob analysis compared to the gold standard
(colonoscopy and histology) in detecting biological anomalies of colonic mucosa for the whole cohort, and for the non-inflammatory
bowel disease cohort
Histology

Colonoscopy
(No. of positive cases/
total No. of cases)

All cases
(IBD + Non IBD)
Non IBD cases

TRIMProb
Sensitivity, % Specificity, % Positive predictive Negative predictive
(No. of TP, FP, FN, TN)
(95%CI)
(95%CI)
value, % (95%CI) value, % (95%CI)

156/305

154

12

2

137

149/281

147

5

2

127

Hyperplastic1

73/281

71

4

2

204

Adenomas2

47/281

40

4

7

230

Advanced adenomas3

17/281

14

1

3

263

Cancer

12/281

12

0

0

269

98.7
(95.4-99.6)
98.7
(95.2-99.6)
97.3
(90.5-99.2)
85.1
(72.3-92.6)
82.4
(58.9-93.8)
100
(75.7-100.0)

91.9
(86.4-95.3)
96.2
(91.4-98.4)
98.1
(95.2-99.2)
98.3
(95.7-99.3)
99.6
(97.9-99.9)
100
(98.5-100.0)

92.8
(87.8-95.8)
96.7
(92.5-98.6)
94.7
(87.0-97.9)
90.9
(78.8-96.4)
93.3
(70.2-98.8)
100
(75.7-100.0)

98.6
(94.9-99.6)
98.4
(94.5-99.6)
99
(96.5-99.7)
97
(94.0-98.6)
98.9
(96.7-99.6)
100
(98.6-100.0)

1

Hyperplastic polyps of every size; 2Every size adenomas with tubular or villus morphology and low grade dysplasia; 3Every size adenomas with tubular or
villus morphology and high grade dysplasia. TP: True positives; FP: False positive; TN: True negative; FN: False negative; IBD: Inflammatory bowel disease.

hyperplastic polyps and 1 as an adenoma.

criteria were enrolled over a period of 12 mo. Patients
were scheduled for colonoscopy for a variety of reasons
(supplemental material Appendix 7).
The TRIMprob was well accepted by all patients,
none spontaneously complained about the procedure,
and no adverse effects were observed. Cecal intubation
was performed in all patients, however in 10 cecum
visualization was suboptimal because of a poor bowel
prep.
TRIM proved inaccurate for polyp detection in
patients with inflammatory bowel disease (IBD)
likely because mucosal inflammation produced false
positive results for polyps. Because IBD patients are
not candidates for routine screening colonoscopy of
normal patients, the analysis was performed both on
all patients examined and separately without the 24
IBD patients to provide a better approximation of the
intended population (Table 2) (i.e., as an adjunct to
screening colonoscopy). Overall, the results were similar
whether the IBD patients were included or excluded.
Additional material about IBD patients is provided in the
online supplemental material (Appendix 8).

Sensitivity and specificity

Assuming colonoscopy/histology as the gold standard
for detecting adenomas, the overall sensitivity,
specificity, positive and negative predictive values
of TRIMprob among the non-IBD patients were
98.7%, 96.2%, 96.7%, and 98.4%. For the entire
group examined the results were: sensitivity 98.7%;
specificity 91.9%, positive and negative predictive
value 92.8% and 98.6% respectively (Table 2).

Discordant cases

Among the 281 non-IBD subjects, there were 7 cases
with discordant results (2.5%) between TRIMprob and
the reference standard including 5 false positive results
(1.8%) and 2 false negative (0.7%) results (Table 3).

False positive TRIMprob

The 5 false positives that were not confirmed by the
colonoscopy included one thought to be an advanced
adenoma in the transverse and 4 thought to be
hyperplastic polyps. There were no false positives
for the presence of cancer. Importantly, second look
endoscopy was not done to confirm that the false
positive results were truly false positive results.

Comparison of colonoscopy and TRIMprob

In the 281 non-IBD patients TRIM was able to detected
all adenocarcinomas (12: 3 were Tis; 4 were T1 N0
M0; 2 were T2 N0 M0; 2 Any T N M0; Any T Any N
M1b respectively) (Figure 3), and 135 of 137 polyps
(98.5%) (including 100% of the 64 adenomas) found
at colonoscopy (supplemental material, Appendix 9).
Among the 135 polyps detected, TRIMprob was able
to correctly categorize 125 (Table 2). Ten TRIMprob
diagnoses of the polyp histology were incorrect: 5
adenomas were thought to be hyperplastic polyps
and 2 adenomas were recognized as adenomas
but thought to be advanced adenomas. Among the
advanced adenomas 2 were falsely characterized as
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False negative TRIMprob

Two patients had hyperplastic polyps that went
undetected. Both were between 6 and 9 mm and
located in the sigmoid colon. One possible speculation
could be a difficult niche, or the small size of the polyp
and subsequent studies will need to look specifically at
this region of the colon.
Patients with poor bowel prep: In the 10 patients
with a poor bowel prep there were no false positive or
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D

Misura5: post DX

Max freq 1: 146
Max freq 2: 59

Note:

Max freq 3: 132

Freq 1
0
68
134
146
74
0
0
0

A

Freq 2
35
2
39
59
2
2
2
2

B

Freq 3
0
0
9
132
0
0
0
0

1.0

0.5

0.0

Freq 1

Freq 2

Freq 3

C

Figure 3 Colon cancer as observed by colonoscopy and by the TRIMprob. Spectral lines A, B and C correspond to the red, green and blue bars respectively in
D. The interaction between the electromagnetic field emitted by the probe and cancerous tissue results in a significant decrease of 40 dBm at 465 MHz (first spectral
line), a modest attenuation at 930 MHz (second spectral line); and at 1395 MHz (third spectral line).

Table 3 Two hundred eighty-one non-inflammatory bowel disease subjects
281 non-IBD patients
Colonoscopy
Normal
Hyperplasia
LGD
TRIM
HGD
Cancer
Total

Normal

Hyperplasia

LGD

HGD

Cancer

Total

127
0
4

2
73
0

0
5
40

0
2
1

0
0
0

129
80
45

1
0
132

0
0
75

0
0
45

14
0
17

0
12
12

15
12
281

LGD: Low grade dysplasia; HGD: High grade dysplasia; TRIM: Tissue Resonance Interaction Method; IBD: Inflammatory bowel disease.

[4]

false negative TRIMprob results. All patients with poor
bowel preps had the colonoscopy repeated without
additional finding.
The TRIMprob test displayed good performance
distinguishing the number of polyps (supplemental
material, Appendix 10). The consistency between the
TRIM assay and the colonoscopy/histology was high as
reflected by a Matthews correlation coefficient (MCC)
of 0.897.

targets for prevention of CRC . Currently, colonoscopy
is the best available screening tool because it can
[4]
both detect and remove precancerous lesions .
However, colonoscopy is labor intensive, expensive,
and its availability is considerably less than the
size of the population at risk. Attempts have been
made to enrich the screening population in terms of
significant abnormalities by the use of fecal occult
blood testing (FOBT), fecal DNA testing, or computed
[26]
tomographic (CT) colonography . However, FOBT
has a relatively poor sensitivity for adenoma detection
and CT colonography is associated with significant
[27-30]
radiation
.

DISCUSSION
Adenoma detection and removal is one of the primary
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This pilot study evaluated a non-invasive detection
method to identify premalignant and malignant
colon lesions. Compared with colonoscopy/histology
TRIMprob yielded a sensitivity as high as 98.7% with
a high concordance (up to 90%) between the two
methods. These results are similar to those reported
for use of the TRIMprob method in prostate cancer
[9,15-17]
[18]
(95.5%-86%)
, breast cancer (84%) , for
carcinomas detection in patients with multinodular
[20]
[21]
goiter (100%) , gastric cancer (100%) , and for
[22]
rectal malignant lesions (94%) . More specifically in
[22]
that pilot study, Vannelli et al
reported a diagnostic
accuracy of the TRIMprob of 89.5% when a cutoff
of 50 arbitrary units was chosen for the 465-MHz
frequency. The specificity was 85.1% and lower than
what was observed in our study (97.5%) suggesting a
lower proportion of false positive attributable to a more
[22]
expert operator .
For bladder cancer the level of agreement between
TRIMprob and cystoscopy was also high (Cohen’s K =
[19]
0.77, p < 0.001) .
In this preliminary study, false-negative results
among the non-IBD patients consisted of 2 cases
thought to have hyperplastic polyps (0.7%). There
was 100% TRIM-endoscopy concordance for actual
cancers. One other case had a false positive diagnosis
of an advanced adenoma that was not confirmed at
the blinded endoscopy. Endoscopy was however not
repeated to ensure that it was a true false positive
result. In ten cases TRIM was able to detect benign
lesions but failed to correctly categorize the type of
benign polyp histologically.
This study was designed to evaluate the accuracy
of the TRIM approach for identifying and correctly
categorizing colonic lesions in a mixed population
scheduled for endoscopy for any reason with the goal
to detect polyps or cancer and thus potentially reduce
the incidence of negative colons. The study was not
restricted to those meeting the criteria for screening
and contained patients with indications for colonoscopy
which is likely responsible for the higher prevalence of
CRC detected.
The TRIMprob demonstrated to provide excellent
results except in patients with ulcerative colitis or
Crohn’s disease where 7 of the 24 subjects had
false positive results for polyps. IBD patients have
marked mucosal inflammation and those with Crohn’s
disease have full bowel wall thickness inflammation.
As this group of patients is markedly different from
healthy subjects who would participate in colon
cancer screening in retrospect, they should not have
been included. However, the data with and without
IBD patients is given. Future studies will be required
to determine what is responsible for the TRIMprob
findings in IBD patients and include comparisons of
the histology and radiologic findings in the areas with
TRIMprob abnormalities.
One limitation of the TRIMprob system is the
requirement for trained operators but this requirement
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is no different from any diagnostic technique including
colonoscopy. Those who are already expert in inter
preting ultrasound, computer tomography or magnetic
resonance images should be able to quickly become
proficient in this technology. Interobserver evaluations
of trained TRIMprob operators for other indications
[9,17]
have shown excellent correlations close to 100%
.
These data suggest that developing a cadre of
individuals with expertise in colon screening should not
be a major problem.
The probe oscillations of biological tissues produce
the phenomenon of “non linear resonance interaction’’
which is detected by the TRIM receiver. Because the
required intensities of the electromagnetic waves are
very low, there is thought to be no health hazard. The
current price of the TRIMprob system is about € 60000.
For the single patients we can hypothesize, at least in
Europe, a cost no more expensive than an abdominal
ultrasound (€ 100). An additional side benefit of the
device is the possibility to detect other potential lesions
located in the scanned areas, regardless of their origin.
Our results should encourage additional studies
with different designs to confirm these results and
explore other parameters. For example, to examine
the need for the colon prep one might examine
patients scheduled for screening endoscopy (e.g., one
might perform TRIM before colon prep, immediately
following the colon prep, and then perform the
screening endoscopy). Those with positive TRIM but
negative colonoscopy could be identified immediately
after the procedure such as by opening a sealed
opaque envelope to allow immediate comparison
prompting the endoscopist to reevaluate a certain
segment of the colon where lesions were identified but
not seen on endoscopy. Alternate designs would couple
TRIM with iFOBT to ask whether the combination
would be complementary for identification of those
most likely to benefit from colonoscopy. Other areas
of research include evaluation of methods to automate
the interpretation of the TRIMprob results and thus
reduce the need for highly trained operators.
Overall our results are consistent with the notion
that the non-invasive TRIMprob method is a novel,
highly effective method for identifying which patients
would likely benefit most from colonoscopy. The
TRIMprob examination has the potential to become
a first line tool in the armamentarium for CRC pre
vention. TRIMprob colon screening virtually offers an
inexpensive, noninvasive approach that could make
colonoscopic screening both more efficient and cost
effective. Future research includes development of
software to analyze the images to reduce the need
for highly trained operators as well testing whether a
bowel prep is needed prior to TRIM screening.

COMMENTS
COMMENTS
Background

colorectal cancer is a common and lethal disease. Colonoscopy is currently
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the preferred modality of screening, although associated with high costs and
low patient compliance. Recently, a non invasive device was developed for
detecting differences in electromagnetic properties of cancerous and normal
tissues, using a non linear tuneable oscillator, the tissue resonance interaction
method (TRIM) that proved to accurately identify those patients who would
likely benefit from colonoscopy.

5

6

Research frontiers

The diagnosis of cancer in humans is mainly based on morphological changes
in cells and irregularities in tissues confirmed using cytological and histological
methods. The TRIMprob focuses on differences in the biochemical metabolism
between cancer and normal cells which produce electromagnetic fields
inducing alignment in dipole movements. Most of the molecules in the body are
electrical dipoles which electronically function like transducers in that they are
able to transform acoustic waves into electrical waves and electrical waves into
acoustic waves. The natural properties of biomolecular structures enable cell
components and whole cells to oscillate and interact resonantly with other cells.
The cells of the body and cellular components possess the ability to function as
electrical resonators. A dipole movement is a function of polarization processes
and the strength of the electric field. When cell membranes in the biological
tissue are exposed to an electric field in the right frequency and amplitude
windows a preferential alignment of dipoles occurs. TRIMprob utilizes frequency
selective (resonant) absorption of electromagnetic waves in malignant tumors.
The biochemical interactions are dislodged from electromagnetic fields in this
way the TRIMprob represents a revolution in devising a new way of screening.
This method has previously been proven to be highly accurate in detection of
other cancers such as breast and prostate.

7

8
9

10

Innovations and breakthroughs

11

Colorectal cancer is one of the most common malignancies. Current colon
cancer prevention programs focus on polyp detection and removal and
detection of early cancers using colonoscopy to reduce cancer incidence and
mortality. However, colonoscopy is associated with high costs, poor patient
acceptability, and the majority of examinations are negative making the method
very inefficient. A method to non-invasively detect lesions would allow to target
colonoscopy to those who would most likely benefit. Here, the authors show
that using a non-linear tunable oscillator to detect differences in electromagnetic
properties of biological abnormal and normal tissues (i.e., TRIM) can achieve
that goal.

12

13

14

Applications

This operator-blinded pilot study shows that TRIM is a rapid, highly accurate,
and noninvasive method to identify individuals most likely to have polyps or
cancers and thus to benefit from colonoscopy. If confirmed by subsequent
studies, TRIM is likely to revolutionize colon cancer prevention programs.

15

Peer-review

This article reported the TRIMprob used to detect colon polys and cancers.
TRIM present highly sensitivity and specificity. TRIMprob scanning is a valuable
tool in diagnosing carcinoma of prostate, breast, gastric, rectal and so on. In
this study, the authors compared TRIMprob with colonoscopy. It’s of clinical
significance and convincing.
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Abstract
AIM: To investigate the effect of rosuvastatin mono
therapy on non-alcoholic steatohepatitis (NASH). At
present there is no effective treatment for non-alcoholic
fatty liver disease or its advanced form NASH.
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METHODS: This prospective study included 20 biopsy
proven patients with NASH, metabolic syndrome (MetS)
and dyslipidaemia. Biochemical parameters of the blood
of the patients and an ultrasonography of the liver
were performed at baseline. Then patients received

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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acid levels, if confirmed by larger studies, may reduce
the risk of vascular and liver morbidity and mortality in
NASH patients.

lifestyle advice and were treated for a 12 mo period
with rosuvastatin (10 mg/d) monotherapy. Patients
were re-evaluated during the study at 3 mo intervals,
during which biochemical parameters of the blood were
measured including liver enzymes. A repeat biopsy
and ultrasonography of the liver were performed at
the end of the study in all 20 patients. Changes in liver
enzymes, fasting plasma glucose, serum creatinine,
serum uric acid (SUA), high sensitivity C reactive
protein (hsCRP) and lipid profile were assessed every 3
mo. The primary endpoint was the resolution of NASH
and the secondary endpoints were the changes in liver
enzyme and lipid values.

Kargiotis K, Athyros VG, Giouleme O, Katsiki N, Katsiki E,
Anagnostis P, Boutari C, Doumas M, Karagiannis A, Mikhailidis
DP. Resolution of non-alcoholic steatohepatitis by rosuvastatin
monotherapy in patients with metabolic syndrome. World J
Gastroenterol 2015; 21(25): 7860-7868 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i25/7860.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i25.7860

RESULTS: The repeat liver biopsy and ultrasonography
showed complete resolution of NASH in 19 patients,
th
while the 20 , which had no improvement but no
deterioration either, developed arterial hypertension
and substantial rise in triglyceride levels during the
study, probably due to changes in lifestyle including
alcohol abuse. Serum alanine transaminase, aspartate
transaminase, and γ-glutamyl transpeptidase were
rd
normalised by the 3 treatment month (ANOVA P <
th
0.001), while alkaline phosphatase activities by the 6
treatment month (ANOVA, P = 0.01). Fasting plasma
glucose and glycated haemoglobin were significantly
reduced (P < 0.001). Lipid values were normalised
rd
by the 3 treatment month. No patient had MetS by
th
the 9 treatment month. Body mass index and waist
circumference remained unchanged during the study.
Thus, changes in liver pathology and function should be
attributed solely to rosuvastatin treatment. A limitation
of the study is the absence of a control group.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a term
describing a histological spectrum of the most common
liver disease (affects approximately 15%-30% of the
general population in Western Countries) characterized
by accumulation of fat (> 5%) in liver cells in the
absence of excessive alcohol intake, chronic viral
[1]
hepatitis or other liver disease . The histological
manifestations of NAFLD range from simple steatosis,
steatohepatitis (NASH), liver fibrosis, cirrhosis, and
[2]
may progress to hepatocellular carcinoma . NASH is
characterised by steatosis plus necro-inﬂammation,
[2]
and fibrosis, which can be diagnosed by liver biopsy .
Recent data suggest that NAFLD is linked to increased
cardiovascular disease (CVD) risk, independently of the
risk related to components of the metabolic syndrome
[3]
(MetS); NAFLD is the hepatic manifestation of MetS .
It has also been shown that patients with NASH are
at higher CVD risk than those with simple steatosis,
emphasizing the role of chronic liver inflammation in
[3]
the pathogenesis of atherosclerotic CVD .
Statin treatment is safe in patients with mild to
moderate elevations of liver enzymes due to NAFLD/
[4]
NASH . It has been established that statin regimens
substantially reduce the risk of death or atherosclerotic
[5]
CVD events in a wide range of individuals . We re
ported that atorvastatin treatment is safe, improves
liver tests, and liver ultrasonography as well as
[6,7]
reduces CVD events in patients with NAFLD . We
have also shown, in a pilot study (n = 6) involving liver
biopsy, that rosuvastatin can have a beneficial effect
[8]
on NASH resolution . In the present paper we report
results of rosuvastatin monotherapy (10 mg/d) on liver
enzymes, ultrasonography and biopsy of 20 patients
with NASH and MetS within 12 mo of treatment. The
patients were followed for an additional (mean) 18-mo
period to ensure sustainability of results.

CONCLUSION: These findings suggest that rosu
vastatin monotherapy could ameliorate biopsy proven
NASH and resolve MetS within 12 mo. These effects
and the reduction of fasting plasma glucose and
SUA levels may reduce the risk of vascular and liver
morbidity and mortality in NASH patients. These
findings need confirmation in larger studies.
Key words: Non-alcoholic fatty liver disease; Non-alcoholic
steatohepatitis; Metabolic syndrome; Dyslipidaemia;
Rosuvastatin; Fasting blood glucose; Serum uric acid
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We treated 20 patients with metabolic
syndrome (MetS) and biopsy proven non-alcoholic
steatohepatitis (NASH) with rosuvastatin monotherapy
for one year. Repeat liver biopsy and ultrasonography
showed complete resolution of NASH in 19 patients,
and normalization of liver enzymes, lipid profile and
blood glucose; no patient had MetS at the end of
the study. These findings suggest that rosuvastatin
monotherapy could ameliorate biopsy proven NASH
and resolve MetS within 12 mo. These effects and the
reduction of fasting plasma glucose and serum uric
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MATERIALS AND METHODS
Methods were described in the pilot study paper (n
[8]
= 6) . Here we report the results of rosuvastatin
(10 mg/d) monotherapy in 20 patients (this includes
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the 6 patients included in the preliminary report).
In short, this is a prospective, randomized, openlabel study that involved patients with MetS, without
overt type 2 diabetes mellitus (T2DM), not taking any
previous hypolipidaemic therapy. The study protocol
was approved by the ethical committee of Aristotle
University and written informed consent was obtained
from all patients before inclusion in the study.
Twenty MetS patients with increased serum liver
enzyme activity and ultrasonographic image compatible
with NAFLD were included. The presence of NASH was
validated by liver biopsy. The age range was 18-70
years. Patients with overt CVD, congestive heart failure
(CHF), stage 3 or higher of chronic kidney disease (CKD),
rheumatic diseases, chronic viral hepatitis, congenital
disorders of the liver, autoimmune hepatitis or excessive
alcohol intake (21 and 14 u/wk for men and women,
respectively) were excluded.
The study was designed to include 40 patients; 20
on rosuvastatin monotherapy and 20 on rosuvastatin[9]
fenofibrate combination. All participants had MetS
and dyslipidaemia [total cholesterol > 200 mg/dL,
high density lipoprotein cholesterol (HDL-C) < 40
for men and < 50 mg/dL for women, triglycerides
[10]
(TGs) > 150 mg/dL or combinations] . Participants
received lifestyle advice with suggestions to adopt a
[10]
hypocaloric and hypolipidaemic diet
and regular
exercise (at least 1 h of walking every day, if possible,
or equivalent physical activity). For safety reasons we
started treatment with 5 mg/d of rosuvastatin and if
there were no side effects we titrated this dose to 10
st
mg/d at the end of the 1 treatment month (safety
and titration visit).
The primary endpoint was the degree of resolution of
NASH in the repeat biopsy compared with the baseline
biopsy. Secondary endpoints were safety of treatment
and degree of normalization of liver enzymes, lipid
profile and liver ultrasonography. At every visit safety
parameters [alanine transaminase (ALT), aspartate
transaminase (AST), and creatine kinase (CK)] were
assessed as well as gamma-glutamyl transpeptidase
(GGT) and alkaline phosphatase (ALP). The lipid profile
(total cholesterol, TGs, LDL-C, HDL-C), fasting plasma
glucose, serum creatinine, blood urea nitrogen (BUN)
and serum uric acid (SUA) were assessed by standard
methods. Body mass index (BMI), waist circumference,
blood pressure (BP) and smoking habits were recorded
at each visit.

RESULTS
We report the results of 20 patients on rosuvastatin
monotherapy (10 mg/d). Patients on rosuvastatinfenofibrate combination had identical (serum enzyme,
ultrasonography, and liver biopsy) results (only TGs
were lower but in both groups were within normal
range) with those on rosuvastatin monotherapy.
The rosuvastatin-fenofibrate combination was dis
continued, because patients did not have MetS any
longer and it was considered futile to insist on an
[11]
unnecessary remedy . Patients on the rosuvastatinfenofibrate combination continued with rosuvastatin
monotherapy, but their results are not included in the
present analysis, because for some period of time
they were on combination therapy and this could
have affected the results. We recruited 5 rosuvastatinfenofibrate patients in the initial phase of this project,
but there was no difference in results between those
and the rosuvastatin monotherapy patients and thus
these were put on rosuvastatin monotherapy. It was
difficult to continue with the statin-fibrate combination
(only 3 patients had a repeat biopsy), because most
patients expressed the wish to discontinue the fibrate.
This was due to the fear of their attending physicians
(4 years ago physicians were reluctant to prescribe
statin-fibrate combinations) due to liver or muscle
side-effects of this combination. The results of these
5 patients are not included in the present study and
the results of the 3 that made it to biopsy are not
included either in the pilot or in the present study,
because the number was too low to allow statistical
analysis. In the rosuvastatin monotherapy group (n
= 20) liver biopsy at baseline showed steatosis (fat
content of the liver > 30%), hepatocyte ballooning
degeneration, diffuse lobular mixed acute and chronic
inflammation, and perivenular as well as perisinusoidal
collagen disposition. Repeat liver biopsies in all 20
patients showed that all patients but one had a
complete resolution of NASH (Figure 1 shows 3 pairs
of biopsies at baseline and 12 mo later). At baseline,
2 pathologists, blinded to the decision of each other,
graded the histology in the liver biopsies. Disease
activity was assessed using a score that included
NAFLD activity (scale: 0 to 3), lobular inflammation
(scale: 0 to 3) and hepatocellular ballooning (scale:
[12]
0 to 2); higher scores indicate NASH severity . The
study only included patients with a histology score of 8,
[12]
to make certain that NASH was present at baseline .
[12,13]
According to this classification
, the comparison of
liver biopsies at one year after rosuvastatin treatment
with those at baseline showed that in 19 patients there
was a NAFLD activity score (based on the standardized
grading system of measuring steatosis mentioned
[12]
above ) reduction from 3 to 0 (P < 0.001), while in
one patient this fell from 3 to 1; lobular inflammation

Statistical analysis

All measured parameters had normal distribution and
are reported as mean values and standard deviations.
Paired t-tests and ANOVA for repeat measurements
were used. A 2-tailed P < 0.05 was considered
significant. All analyses were carried out using the SPSS
21.0 software (SPSS Inc., Chicago, IL).

WJG|www.wjgnet.com

7862

July 7, 2015|Volume 21|Issue 25|

Kargiotis K et al . NASH resolution by rosuvastatin

Figure 1 Presentation of the baseline and repeat liver biopsies in 3 metabolic syndrome patients with non-alcoholic steatohepatitis on rosuvastatin (10
mg/d) monotherapy for 12 mo. On the left panel liver biopsies of patients with non-alcoholic steatohepatitis presenting steatosis (fat content of the liver > 30%),
hepatocyte ballooning degeneration, diffuse lobular mixed acute and chronic inflammation, and perivenular, perisinusoidal collagen disposition. On the right panel liver
biopsies of the same 3 patients after one year monotherapy with 10 mg/d of rosuvastatin presenting total normal liver tissue.

patient was not submitted to a third biopsy later, but
he had normalization of the liver enzymes and the
ultrasonographic image of the liver by the end of
second year of the study while on rosuvastatin and
adopting a healthier lifestyle for at least a year.
The changes in measured parameters during the
12 mo of the duration of the study, between the two
biopsies, are reported in Table 1 and Figure 2.
There were no statin-related safety problems-side
effects from the liver or the muscles. In contrast, liver
th
enzymes were normalized by the 6 treatment month
and remained normal thereafter. Even the one patient
that had no improvement in the repeat liver biopsy
had normal liver enzyme levels.
The lipid profile was completely normalized by the
rd
3 treatment month (Table 1), while all 20 patients did
th
not have MetS any more from the 9 treatment month

was reduced from 3 to 0 in 19 patients (P < 0.001),
while in the same patient mentioned above it changed
from 3 to 2; hepatocellular ballooning changed from 2
to 0 (P < 0.001), while in the same patient mentioned
above it changed from 2 to 1. Even in the one patient
(without full histological improvement) the total
histological NASH score was 4 (i.e., < 5 that indicates
[12,13]
definite or possible NASH)
. There were no
significant differences between the evaluations of the 2
pathologists in grading NASH activity in all 20 patients.
The patient, as also reported in the pilot study,
which did not show either any improvement or
deterioration of NASH in the second biopsy, was the
one that had arterial hypertension and high TG levels,
attributed to a change in life-style habits, including
excess alcohol consumption. We advised him to adopt
a healthier lifestyle but we were not successful. This
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Table 1 Changes in measured parameters during the study

Age (yr)
Gender (male)
Cigarette smoking
BMI (kg/m2)
Waist circumference (cm)
Total cholesterol
(mg/dL)
Triglycerides
(mg/dL)
HDL-cholesterol
(mg/dL)
LDL-cholesterol
(mg/dL)
Serum creatinine
(mg/dL)
hsCRP
(mg/L)
BUN
(mg/dL)
SUA
(mg/dL)
Plasma glucose
(mg/dL)
HbA1c
(%)
Metabolic
Syndrome, n

st

rd

th

th

th

Baseline

1 mo

3 mo

6 mo

9 mo

12 mo

P value (ANOVA)

40.5 ± 5.6
16
13
31.5 ± 1.1
110.5 ± 6.2
251 ± 22

13
31.3 ± 1.0
110.4 ± 6.0
226 ± 17

13
31.4 ± 1.0
109.9 ± 6.1
192 ± 16

12
31.6 ± 1.1
110.6 ± 6.3
185 ± 12

12
31.6 ± 1.2
110.7 ± 6.2
181 ± 8

11
31.5 ± 1.2
110.4 ± 6.2
179 ± 9

NS
NS
NS
< 0.001

187 ± 19

161 ± 20

143 ± 26

123 ± 11

121 ± 22

117 ± 18

< 0.001

38 ± 5

40 ± 5

42 ± 7

42 ± 4

43 ± 3

44 ± 5

< 0.001

180 ± 23

152 ± 15

121 ± 17

118 ± 14

114 ± 9

110 ± 11

< 0.001

0.93 ± 0.2

0.92 ± 0.2

0.94 ± 0.2

0.92 ± 0.2

0.91 ± 0.2

0.90 ± 0.2

NS

4.2 ± 1.3

-

-

2.7 ± 0.8

-

1.6 ± 0.5

< 0.001

34 ± 8

34 ± 8

35 ± 8

34 ± 7

33 ± 6

31 ± 6

NS

5.5 ± 1.1

5.4 ± 1.0

5.2 ± 0.9

5.0 ± 0.7

4.9 ± 0.8

4.8 ± 0.9

0.016

102 ± 8

101 ± 8

96 ± 6

93 ± 7

89 ± 5

87 ± 5

< 0.001

-

5.1 ± 0.4

5.0 ± 0.5

4.9 ± 0.3

4.8 ± 0.3

< 0.001

Parameter

5.3 ± 0.4
20

20

18

9

0

0

< 0.001

Data are presented as mean ± SD. BMI: Body mass index; HDL: High density lipoprotein; LDL: Low density lipoprotein; NS: Not significant; BUN: Blood
urea nitrogen; SUA: Serum uric acid; HbA1c: Glycosylated haemoglobin.

improvement in the repeat liver biopsy (Table 1).

ALT
AST
GGT

100

DISCUSSION

ALP

IU/L

80

The main findings of this prospective study, which
included 20 MetS patients with biopsy proven NASH,
were that monotherapy with 10 mg/d of rosuvastatin
was linked to resolution of NASH (as established
by a second liver biopsy, measurement of serum
liver enzymes and liver ultrasonography), complete
regression of MetS, reduction in SUA levels, and a large
reduction in plasma glucose levels. These happened
within 12 mo of treatment, although some changes
were evident within the first treatment months. The
lipid profile was totally normalized by rosuvastatin
early during follow-up. Follow-up of patients for a
mean period of 18 mo after the second biopsy did not
show any indication of NASH or MetS relapse.
Five years ago we have shown in a post hoc analysis
of the Greek Atorvastatin and Coronary Heart Disease
Evaluation (GREACE) Study (n = 1600; 437 patients
[6]
had moderately abnormal liver tests at baseline)
that atorvastatin therapy was safe in patients with
coronary heart disease (CHD) and mild to moderate
elevations of serum transaminases, probably due to
NAFLD as indicated by liver ultrasonography after
exclusion of other liver diseases. Not only atorvastatin
did not increase liver enzymes but it normalised liver

60
40
20
0

Baseline

1

3

6

9

12

t /mo

Figure 2 Liver enzyme changes in 20 patients with non-alcoholic
steatohepatitis during the 12 mo of rosuvastatin (10 mg/d) monotherapy.
The reduction in serum alanine transaminase (ALT), aspartate transaminase
(AST) and γ-glutamyl transpeptidase (GGT) levels became statistical significant
by the 3rd month of treatment (ANOVA for the 12 mo period P < 0.001) and for
alkaline phosphatase (ALP) by the 6th mo of treatment (ANOVA for the 12 mo
period P = 0.01).

(Table 1). It should be noted that these happened
in the absence of any change in waist circumference
(and BMI), the only MetS component that persisted
th
after 9 month of treatment. Mean SUA levels were
significantly reduced (Table 1)
Fasting plasma glucose levels and HbA1c were
significantly reduced by rosuvastatin in all patients, by
th
the 6 treatment month, even in the patient with no
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tests and liver ultrasonography within the duration
[6]
of the study . Moreover, atorvastatin treatment
induced substantial reductions in CVD events (68%
vs usual care) during the 3-year follow-up period
compared with the participants with CHD and normal
[6]
liver enzymes (39% vs usual care); P = 0.007 .
These findings were confirmed one year later by the
Assessing The Treatment Effect in Metabolic Syndrome
Without Perceptible diabeTes (ATTEMPT) study in
patients with MetS but without overt CVD or T2DM
(n = 1123; 326 had modestly elevated liver enzymes
[7]
and ultrasonographic evidence of NAFLD) . In 2013
the post hoc analysis of the Incremental Decrease in
End Points Through Aggressive Lipid Lowering [IDEAL]
trial (n = 8863) showed that high dose atorvastatin
treatment (80 mg) in 1,081 (12.2%) patients,
who had an ALT ≥ ULN, normalised ALT values
and substantially reduced 5-year CVD event rates
compared with simvastatin [11.5% for simvastatin
and 6.5% for atorvastatin, hazard ratio (HR) 0.556;
95% confidence interval (CI) 0.367-0.842; P = 0.0056
vs 20-40 mg simvastatin treatment], confirming our
[14]
findings .
A previous study with rosuvastatin showed a
suboptimal clinical, laboratory and biopsy proven
[15]
benefit in 9 patients with NASH and dyslipidaemia .
This may be attributed to the very low dose of
[15]
rosuvastatin administered (2.5 mg/d) . A study with
pitavastatin included 20 patients with biopsy-proven
[16]
NASH with dyslipidaemia . After treatment for 12
mo with pitavastatin 2 mg/d NASH-related metabolic
parameters improved, including histology in some
patients, however, 3 of 13 patients had progression of
[17]
[17]
fibrosis during treatment . Studies with simvastatin
[18]
or pravastatin
in NASH patients showed that NASH
alters the expression of hepatic uptake transporters
which may increase the risk of statin-induced adverse
drug reactions (myopathy). In a pilot study that
included 16 patients with biopsy proven NASH (14
completed the study and 10 underwent 1-year repeat
liver biopsy), simvastatin monotherapy did not seem to
[19]
be an effective treatment for NASH . A recent study
in rats showed that simvastatin delays the evolution
[20]
of NASH-related fibrosis, improving its prognosis .
Thus, clinical, laboratory, ultrasonography and liver
biopsy benefits related to statin treatment may be
compound specific and dose related.
The mechanisms involved in the biochemical,
ultrasonographic, and histological improvement with
[21]
some statins at specific doses is not clear . An
animal study evaluated whether rosuvastatin changes
the carbohydrate and lipid metabolism and the
development of NAFLD in male C57Bl/6 mice (3-moold) on a high-fat diet (60% lipids) compared with
[22]
standard chow (10% lipids) for 15 wk . Rosuvastatin
improved glucose intolerance, insulin sensitivity
and NAFLD in this animal model of diet-induced
obesity in a dose-dependent manner and changed
[22]
the fat distribution from visceral to subcutaneous .

WJG|www.wjgnet.com

Therefore, rosuvastatin therapy may help patients with
[22]
MetS because of beneficial pleiotropic effects .
Data on the mechanisms of improvement of
NASH patients who are at a higher risk for liver- and
vascular-related morbidity and mortality than those
[23]
[23]
with simple steatosis , are scarce . An open-label
prospective study of atorvastatin (10 mg/d) for 24
mo included 31 patients with biopsy-proven NASH
[24]
and hyperlipidaemia . Follow-up liver biopsy was
performed in 17 patients. BMI and plasma glucose levels
did not change during the treatment, while 23 patients
(74.2%) presented normal transaminase levels. During
the study adiponectin levels increased significantly
and the levels of tumour necrosis factor-alpha (TNF-α)
[24]
decreased significantly . Liver steatosis and NASHrelated metabolic parameters improved with treatment,
including fibrosis in some patients. However, 4 of 17
patients had progression of fibrosis over the 2-year
[24]
period, with 3 of them progressing to stage 3 . These
results suggest that atorvastatin may have acted via
a reduction in markers of systemic inflammation (e.g.,
[24]
TNF-α), as well as increased adiponectin levels . It
has been suggested that oxidative stress that promotes
the pathogenesis of atherosclerosis might be one key
[25]
link between NASH and CVD . Thus, atorvastatin
may be effective in NASH treatment not only through
reduction of inflammatory cytokine production, but
also reactive oxygen species generation in the liver.
These are also the two major pathophysiological
mechanisms involved in the progression from NAFLD
[25]
to NASH . Similar effects were shown with 20 mg
[26]
of rosuvastatin . Moreover, it has been shown that
atorvastatin treatment (10 mg/d for 12 mo) improved
metabolic and histological parameters in 43 biopsy
proven NASH patients with dyslipidaemia and that this
effect was probably related to the reduction in serum
levels of advanced glycosylated end products (AGEs)
[27]
that might be useful as a marker for NASH presence .
The above, as well as our findings, suggest that the
[24-27]
effect of statins on NASH is dose dependent
.
Another important finding of the present study was
th
the complete resolution of MetS by the 9 treatment
month. This was mainly due to the substantial
reduction in TG levels, a significant increase in HDL-C
levels and (paradoxically) to the reduction in fasting
plasma glucose levels. Rosuvastatin treatment has
been reported to have a negative effect on plasma
[28]
glucose homeostasis
and has been linked to new
[29]
onset diabetes (NOD) . However, it has been shown
that the risk of NOD in statin-treated patients was
related to female gender (16/20 of our patients
were males), old age (the mean age of our patients
was 40.5 years), and to intensity of the statin and
its dose (in our study rosuvastatin, a potent statin,
[29]
was prescribed at 10 mg/d; a relatively low dose) .
These factors may explain the lack of NOD but not
the great reduction of fasting plasma glucose levels.
In a prospective randomized open-label study in nondiabetic patients with dyslipidaemia, rosuvastatin
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[40]

(10 mg) exerted a favourable effect on glucose ho
meostasis, by improving insulin resistance index.
This effect was not shown with atorvastatin (20 mg),
although the effect of both statins on blood glucose
[30,31]
and HbA1c levels was neutral
. There are data
showing that NAFLD/NASH play a central role in the
genesis of an insulin-resistant state in obese subjects,
independent of the role of visceral fat, suggesting that
the improvement of NASH might contribute to the
[32,33]
reduction of insulin resistance
. It has been shown
in NAFLD patients that exercise-induced reduction
in fetuin-A (a blood protein synthesized in the liver
that may be associated with the pathogenesis of
NAFLD and T2DM) levels is closely linked to exerciseinduced improvement in glucose tolerance, due to the
[34]
reduction of skeletal muscle insulin resistance . Thus,
early resolution of NASH might have been involved
in the reduction in fasting plasma glucose levels and
HbA1c in our patients.
From the other MetS components waist circum
ference (as well as body weight and BMI) was not
reduced and BP showed a small but non-significant
reduction. Thus, any improvement of NASH cannot be
attributed to these MetS components.
[35]
SUA is considered by some as a MetS component
possibly associated with CVD risk in MetS and NAFLD/
[36]
NASH . Thus, SUA levels reduction by rosuvastatin
in the present study might have contributed to a
further reduction of CVD risk, beyond the improved
lipid profile and amelioration of NASH. We have shown
in the GREACE study that all CVD patients were
independently (after backwards regression analysis)
benefited (had fewer vascular events) by SUA level
[37]
reduction . However, those with MetS benefited more
[38]
from statin treatment than those without MetS .
Furthermore, an atorvastatin-based multifactorial
intervention in MetS patients without established CVD
or T2DM reduced SUA levels, especially in stage 3 CKD
patients; this might have contributed to the reduction
[39]
in CVD events in these patients .
This study did not include a control group and each
patient acted as his/her control. This was because,
based on our and other previous findings and lipid
guidelines it was unethical to deprive statin treatment
in NASH patients with MetS.
In conclusion, Rosuvastatin (10 mg/d) monotherapy
for 12 mo was associated with resolution of NASH,
regression of MetS and reduction in plasma glucose
and SUA levels, without any change in body weight,
BMI, or waist circumference, in patients with MetS
and dyslipidaemia. These results will hopefully reduce
the risk of NOD and vascular and liver morbidity and
mortality related to MetS and its liver manifestation,
NAFLD/NASH. There is a need to confirm these results
in larger prospective studies, given that NAFLD might
have already affected almost 1 billion people (the most
common chronic hepatic disorder in Western countries,
[40,41]
with a prevalence of 20%-30%
, increasing to
[42]
57%-74% among obese patients , and 5%-18% in
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Asia with a strong trend to increase over time ). At
present, three decades of research on pharmacological
[1]
treatment have provided limited options ; especially
for NASH there is very little evidence supporting the
[43]
efficacy of most regimens .
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Abstract
AIM: To evaluate the clinical outcomes of 240-wk
treatment with entecavir (0.5 mg) in Chinese nucleosidenaive patients with cirrhosis.
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METHODS: A total of 204 nucleoside-naive patients
with compensated (n = 96) or decompensated (n =
108) hepatitis B virus (HBV)-induced cirrhosis at the
Department of Gastroenterology of the China-Japan
Union Hospital (Jilin University, Changchun, China) who
were treated with entecavir (0.5 mg) for 240 wk were
enrolled in this study. Liver biopsy samples obtained
from 38 patients prior to treatment (baseline) and at
week 240 were evaluated by different independent
histopathologists. Efficacy assessments included the
proportions of patients who achieved an HBV DNA
level < 500 copies/mL, the association of interleukin28B genetic variation with antivirus therapy, clinical
outcomes, and histologic improvement. Changes in
liver disease severity were analyzed, and liver histologic
evaluation was performed in 38 patients with paired
biopsies. Student t tests were used to compare the
means of continuous variables between the groups,
and the proportions of patients who achieved the
2
endpoints were compared using the χ test.
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RESULTS: At week 240, 87.5% of the patients with
compensated cirrhosis and 92.6% of the patients with
decompensated cirrhosis achieved a HBV DNA level <
500 copies/mL. Three patients had genotypic entecavir
resistance within the 240-wk period. No significant
association was observed between virologic response
and interleukin-28 genotype (CT, 88.2% vs CC,
90.6%). The proportion of patients with Child-Pugh
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viral load associated with antiviral therapy are strongly
correlated with decreased risk of disease progression
and improvements in liver histology and clinical signs
[9,10]
or symptoms
.
Multiple clinical studies have demonstrated that
nucleos(t)ide analogs are effective in suppressing viral
replication and reducing disease progression in patients
[11-13]
with HBV-related cirrhosis
. In a randomized cli
nical trial, long-term lamivudine treatment (median
duration, 32.4 mo) significantly reduced overall disease
progression (increase in Child-Pugh score, hepatic
decompensation, or HCC) compared with placebo
(7.8% vs 17.7%, P = 0.001) in patients with hepatitis
B e antigen-positive CHB and advanced fibrosis/
[12]
compensated cirrhosis . In contrast, data on clinical
outcomes with nucleos(t)ide analogs in patients with
decompensated cirrhosis are limited.
Entecavir is a potent antiviral agent that has been
shown to be effective and safe for the treatment of
[14-17]
CHB
. A subanalysis of phase Ⅲ clinical data found
that 57%-59% of patients with CHB and advanced liver
fibrosis/cirrhosis experienced improvements in terms
[18]
of Ishak fibrosis score at 48 wk of entecavir therapy .
[19]
More recently, the Shim et al
research group ob
served the clinical efficacy of one-year entecavir therapy
in 55 patients with decompensated cirrhosis and found
that 66% of the patients had improved Child-TurcottePugh scores, which comprises individual scores for five
parameters, namely total bilirubin level, serum albumin
level, prothrombin time, ascites level, and hepatic
encephalopathy. Patients with scores of 5 or 6, 7-9,
or 10-15 were classified as having Child-Pugh class
A, B, or C liver disease, respectively. Of the patients,
49% had increased Child-Turcotte-Pugh scores by ≥ 2.
Clinical trial data from patients with advanced fibrosis/
cirrhosis found that after approximately six years of
cumulative entecavir therapy, all ten patients showed
improvement in liver histology and Ishak fibrosis score.
In particular, four patients had Ishak fibrosis scores ≤ 4
[20]
after the entecavir therapy .
Although the efficacy and safety of entecavir
in nucleoside-naive patients without cirrhosis have
been demonstrated in multiple studies, limited data
are available on the clinical benefits in patients with
cirrhosis. The aims of this prospective study were to
evaluate the antiviral efficacy and clinical outcomes
of entecavir treatment for 240 wk in nucleosidenaive Chinese patients with CHB and compensated or
decompensated cirrhosis.

class A disease was significantly increased at week
240 (68%) from the baseline (47%; P < 0.01). The
proportion of patients with Child-Pugh class B disease
was significantly decreased at week 240 (25%) from
the baseline (39%; P = 0.02). In the patients with
paired liver biopsies, the mean reduction in the Knodell
necroinflammatory score from the baseline was 3.58
± 1.03 points (7.11 ± 1.80 vs 3.53 ± 1.35, P < 0.01).
The mean reduction in Ishak fibrosis score from the
baseline was 1.26 ± 0.64 points (5.58 ± 0.50 vs 4.32
± 0.81, P < 0.01).
CONCLUSION: Entecavir is an effective treatment
option for patients with HBV-related compensated or
decompensated cirrhosis that can result in sustained
virologic suppression and histologic improvement.
Key words: Decompensated cirrhosis; Hepatic function;
Histologic improvement; Knodell histologic activity
index score; Nucleoside analog
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Entecavir is a potent antiviral agent that is
effective and safe for the treatment of chronic hepatitis
B. However, data on its clinical benefits in patients with
cirrhosis, especially in long-term treatment, are limited.
The aims of this prospective study were to evaluate
the antiviral efficacy and clinical outcomes of entecavir
treatment for 240 wk in nucleoside-naive Chinese
patients with chronic hepatitis B, and compensated or
decompensated cirrhosis.
Xu Y, Zhang YG, Wang X, Qi WQ, Qin SY, Liu ZH, Jiao J,
Wang JB. Long-term antiviral efficacy of entecavir and liver
histology improvement in Chinese patients with hepatitis B virusrelated cirrhosis. World J Gastroenterol 2015; 21(25): 7869-7876
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i25/7869.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i25.7869

INTRODUCTION
Chronic hepatitis B (CHB) remains a serious global
public health problem, with an estimated 350-400
[1]
million people affected worldwide . Such patients
are at increased risk of developing cirrhosis, hepatic
decompensation, and hepatocellular carcinoma
[2]
(HCC) . In the absence of treatment, 15%-20% of
[3,4]
patients develop cirrhosis within five years . Patients
who subsequently progress to decompensated cirrhosis
have a poor prognosis, with a five-year survival rate of
only 14%-28% compared with 84% for patients with
[5,6]
compensated cirrhosis . Elevated serum hepatitis B
virus (HBV) DNA levels are an independent risk factor
of progression to cirrhosis, hepatic decompensation,
[7,8]
HCC, and death . Conversely, sustained reductions in

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study design

This prospective study evaluated the efficacy of en
tecavir (Bristol-Myers Squibb, Wallingford, CT, United
States) at 0.5 mg once daily for 240 wk in patients
with cirrhosis. Nucleoside-naive patients (n = 204) with
HBV-related cirrhosis who attended the Department
of Gastroenterology at the China-Japan Union Hospital
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increase in HBV DNA level higher than the nadir)
were monitored for resistance mutations. Nucleotide
sequence analysis of the HBV polymerase gene to
detect genotypic entecavir resistance was performed
for on-treatment samples by an independent laboratory
(TaKaRa Biotechnology Co., Ltd., Dalian, China).

(Jilin University, Changchun, China) were recruited
and enrolled in the study beginning in June 2006.
Diagnoses of compensated and decompensated
cirrhosis were based on liver biopsy and/or clinical,
radiologic, and laboratory criteria according to disease
[21]
management guidelines . Liver disease severity
was graded according to Child-Pugh score. Patients
with scores of 5 or 6, 7-9, or 10-15 were classified as
Child-Pugh class A, B, or C, respectively. This study
was conducted in accordance with the declaration
of Helsinki. This study was conducted with approval
from the Ethics Committee of Jilin University. Written
informed consent was obtained from all participants.

Safety

The incidence of adverse events, treatment discon
tinuation, deaths, and on-treatment alanine amino
transferase flares (defined as a serum level > 2 ×
baseline and > 10 × upper limit of normal) were
documented. Renal impairment (defined as an elevation
in serum creatinine to > 3 × upper limit of normal vs
baseline) was also monitored. In all the patients with
increased lactate serum concentrations, arterial blood
gas analysis was performed immediately.

Study population

Eligible patients were adults aged ≥ 16 years with CHB
infection (defined as hepatitis B surface antigen positive
for ≥ 6 mo with persistent detectable hepatitis B surface
antigen and/or serum HBV DNA) and compensated
or decompensated cirrhosis. All of the patients were
nucleoside-naive prior to entecavir treatment and had
serum HBV DNA levels ≥ 500 copies/mL as measured
using a PCR assay (Da An Gene Co. Ltd, Guangzhou,
China; lower limit of detection, 500 copies/mL). The
exclusion criteria included patients with coinfection with
HIV or hepatitis A, C, D, or E viruses, and active alcohol
abuse or dependence. Women who were pregnant or
breastfeeding were also excluded.

Statistical analysis

Statistical analysis was performed using SPSS v13.0
(SPSS Inc., Chicago, IL, United States). Continuous
variables are expressed as mean ± SD and categorical
data are expressed as proportions or percentages.
The Student’s t test was used to compare the means
of the continuous variables between the groups. The
proportions of patients who achieved the end points
2
were compared using the χ test. All of the tests were
two-sided, and P < 0.05 was considered as statistically
significant.

Efficacy assessments

HBV DNA, interleukin (IL)-28B genotype, and serum
biochemical profiles were analyzed at baseline, weeks
4 and 12 of treatment, and every 12 wk thereafter up
to 240 wk of treatment. Efficacy was defined when
patients achieved a HBV DNA level < 500 copies/mL
(via PCR) at week 240. The clinical endpoint assessed
was disease progression in the total study population.
Disease progression was defined as an increase in
Child-Pugh score of ≥ 2, hepatic decompensation,
HCC, spontaneous bacterial peritonitis, bleeding
gastroesophageal varices, or death related to liver
disease.
Liver biopsy samples obtained from 38 patients
prior to treatment (baseline) and at week 240 were
evaluated by different independent histopathologists.
The proportions of patients with improvements in
Knodell histologic activity index (HAI), fibrosis, and
necroinflammatory scores from the baseline were
assessed at week 240. Histologic improvement was
defined as a decrease in Knodell necroinflammatory
score of ≥ 2 points from the baseline and no worsening
of fibrosis score, or a decrease in Ishak fibrosis score of
≥ 1 point from the baseline. Histologic worsening was
defined as an increase in Knodell necroinflammatory
score of ≥ 2 points or an increase in Ishak fibrosis score
of ≥ 1 point from the baseline.

RESULTS
Patient disposition

A total of 204 patients with HBV-related cirrhosis who
were treated with entecavir for 240 wk at the ChinaJapan Union Hospital (Jilin University, Changchun,
China) beginning in June 2006 were enrolled in this
study. Of these patients, 96 had compensated cirrhosis
(Child-Pugh class A) and 108 had decompensated
cirrhosis (Child-Pugh classes B and C). Thirty-eight
patients had paired liver biopsies at baseline and week
240 of treatment. The patients were predominantly
male (67%-78%), and patients in the compensated
cirrhosis group were significantly younger (P < 0.05)
(Table 1). The compensated cirrhosis group also had
higher alanine aminotransferase levels and fewer
patients with HBV genotype C than the decompensated
cirrhosis group (both P < 0.05).

Virologic response

At 240 wk of treatment, 87.5% of the patients with
compensated cirrhosis and 92.6% of the patients with
decompensated cirrhosis had achieved serum HBV
DNA levels < 500 copies/mL. No significant differences
in virologic response were observed between the two
groups at week 240.

Resistance analysis

IL-28 genotypes vs efficacy

Patients with a virologic breakthrough (> 1-log10
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The genotype distributions of rs12979860 C/T in all
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A

Characteristic

Age (yr)
Male
HBeAg-positive
HBV DNA (log10
copies/mL)
ALT (IU/L)
HBV genotype
B
C
Other (A and D)

Compensated
cirrhosis group
(n = 96)

Decompensated
cirrhosis group
(n = 108)

P value

33.4 ± 10.6
64 (67)
72 (75)
6.5 ± 1.3

42.4 ± 14.5
84 (78)
46 (43)
5.6 ± 1.5

< 0.05
0.085
< 0.05
0.077

131.4 ± 125.7

72.5 ± 63.1

< 0.05

40 (42)
48 (50)
8 (8)

16 (15)
78 (72)
14 (13)

< 0.05
< 0.05
0.367

Patients (n )

Table 1 Demographics and baseline characteristics of patients

40

Knodell necroinflammatory

36

score

32

10-14

28

7-9

24

4-6

20

0-3

16
12
8
4
0
Baseline

B

Patients (n )

Data are presented as mean ± SD or n (%). ALT: Alanine aminotransferase;
HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus.

the patients were analyzed. For the genotypes, the
proportion of the CT genotype in the patients was
16.7% and that of the CC genotype was 83.3%. No
significant association was observed between virologic
response and IL-28 genotype (CT, 88.2% vs CC,
90.6%).

40

Ishak fibrosis score

36

6

32

5

28

4

24

3

20
16
12
8
4
0
Baseline

Histologic improvement

Week 240

Figure 1 Improvements in liver histology at week 240 of entecavir
treatment in patients (n = 38) with paired liver biopsies (baseline and week
240). A: Distribution of Knodell necroinflammatory scores at baseline and at
week 240; B: Distribution of Ishak fibrosis scores at baseline and at week 240.

Histologic evaluation of liver biopsy samples from
38 patients with HBV-related cirrhosis indicated that
20 (52.6%) patients had a Knodell HAI score of 0-3
points at week 240 of entecavir treatment. The mean
reduction in the Knodell necroinflammatory score from
the baseline was 3.58 ± 1.03 points (7.11 ± 1.80 vs
3.53 ± 1.35, P < 0.01; Figure 1A).
With respect to fibrosis, 89.5% of the patients
achieved improvement (≥ 1 point decrease from the
baseline) in terms of Ishak fibrosis score. The mean
reduction in Ishak fibrosis score from the baseline was
1.26 ± 0.64 points (5.58 ± 0.50 vs 4.32 ± 0.81, P <
0.01; Figure 1B).
A total of 89.5% of the patients achieved improve
ment (decrease in Knodell necroinflammatory score
of ≥ 2 points from the baseline and no worsening of
fibrosis score, or a decrease in Ishak fibrosis score of ≥
1 point from the baseline).

Clinical outcomes

The proportion of patients with disease progression in
the decompensated cirrhosis group was 4.6% within
the 240 wk. Three patients were found to have HCC at
weeks 40, 60, and 72, and two patients had bleeding
gastroesophageal varices at weeks 36 and 48. None
of the patients had worsened compensated cirrhosis
(Figure 3).
Liver disease severity (Child-Pugh class) at baseline,
week 96, and week 240 in the total study population
is shown in Figure 4. The proportion of patients with
Child-Pugh class A disease significantly increased from
the baseline at week 240 (47% vs 68%, P < 0.01). The
proportion of patients with Child-Pugh class B disease
significantly decreased from the baseline at week 240
(39% vs 25%, P = 0.02), with corresponding decreases
occurring in the proportions of patients with Child-Pugh
class C disease.

Relationship between HBV DNA level and histologic
improvement

The relationships between HBV DNA level and the
Knodell HAI and Ishak fibrosis scores at baseline and
after entecavir treatment were analyzed by performing
linear regression using data from the histology subgroup
of patients (n = 38). As shown in Figure 2A, viral load
at baseline was significantly correlated with Knodell HAI
and Ishak fibrosis scores in the untreated patients (r =
0.880 and r = 0.876, respectively; P = 0.01). Similarly,
decreases in HBV DNA level from the baseline were
strongly correlated with decreases in Knodell HAI (r =
0.60; P = 0.01), but not Ishak fibrosis score (r = 0.17)
at week 240 of entecavir treatment (Figure 2B).
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Week 240

Resistance

Three patients (1.5%) experienced a virologic
breakthrough during 240 wk of entecavir treatment.
They had the same mutations, and resistance
mutation occurred in rtM204I/V, rtL180M, and rtT184,
respectively.

Safety

None of the patients discontinued treatment with
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A

B

5.00
Ishak fibrosis score

Histologic activity index

10.00

6.00

8.00

6.00

4.00
3.00
2.00
1.00

R Sq linear = 0.768

R Sq linear = 0.775
4.00

0.00
3.00

4.00

5.00

6.00

7.00

8.00

3.00

Baseline HBV DNA level (log10 copies/mL)

5.00

6.00

7.00

8.00

2.00

5.00

4.00

3.00
R Sq linear = 0.36

Decrease in Ishak fibrosis score

6.00
Decrease in histologic activity index

4.00

Baseline HBV DNA level (log10 copies/mL)

2.00

1.50

1.00

0.50
R Sq linear = 0.029
0.00

0.00

1.00

2.00

3.00

4.00

5.00

0.00

Decrease in HBV DNA level (log10 copies/mL)

1.00

2.00

3.00

4.00

5.00

Decrease in HBV DNA level (log10 copies/mL)

The cumulative rate of disease progression (%)

Figure 2 Relationship between hepatitis B virus DNA level and histologic improvement. A: Relationships between hepatitis B virus (HBV) DNA level and
Knodell histologic activity index and Ishak fibrosis score at baseline; B: Relationships between changes from baseline in HBV DNA level and Knodell histologic activity
index and Ishak fibrosis score at week 240 of entecavir treatment.

DISCUSSION

50

Data on the efficacy and safety of entecavir in patients
with CHB-related cirrhosis are limited. This prospective
study demonstrates that entecavir is an effective
treatment option for Chinese nucleoside-naive pati
ents with CHB and compensated or decompensated
cirrhosis. Most of the patients achieved virologic
suppression (HBV DNA level < 500 copies/mL) by week
240 of therapy. Furthermore, histologic improvement
was observed in most (89.5%) of the patients with
paired biopsies at baseline and week 240. The most
important finding is that the entecavir treatment was
associated with significant improvements in hepatic
functional reserve in the patients with decompensated
cirrhosis.
Sustained suppression of HBV replication is recom
[22-24]
mended as a primary aim of therapy for CHB
. In
this study, 88% and 93% of patients with compensated
and decompensated cirrhosis, respectively, achieved an
HBV DNA level < 500 copies/mL by week 240. These
results confirm previous findings that demonstrated
the efficacy of entecavir in nucleoside-naive patients

40

30

20

10
Decompensated cirrhosis
Compensated cirrhosis

0
0

50

100

150

200

250

t /wk

Figure 3 Proportion of patients with disease progression in compensated
and decompensated cirrhosis groups.

entecavir, experienced renal function impairment, or
developed lactic acidosis throughout the 240-wk period
of treatment with entecavir.
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use of entecavir in patients with CHB and either
decompensated or compensated cirrhosis.
Recently, genome-wide association studies have
shown that several single-nucleotide polymorphisms in
the IL-28B gene (IL28B) on chromosome 19q13, which
encodes type Ⅲ interferon (IFN; also named IFN-λ3),
are strongly associated with not only spontaneous and
treatment-induced clearance of hepatitis V virus (HCV)
[29]
infection, but also the course of HCV-related disease .
Moreover, our recent study also showed that IL28B
polymorphism rs12979860 is associated with response
[30]
to treatment in Chinese hepatitis C patients .
Considering that HBV and HCV are both hepatotropic
viruses that can establish chronic infections that persist
for the lifetime of the host and are sensitive to the
antiviral activity of IFN-λ in cell culture models of virus
replication, it might be possible that genetic variants of
IL28B play a similar functional role during chronic HBV
[31]
infection . Several previous studies in different ethnic
groups have suggested that IL28B genetic variation
is associated with HBV-related disease and IFN-based
[32-35]
treatment outcomes
. However, the present study
shows that virologic response and IL-28 genotype are
not significantly associated.
In conclusion, this study demonstrates that entecavir
is safe and provides potent virologic suppression and
improvement in overall liver disease severity in
nucleoside-naive patients with HBV-related decom
pensated or compensated cirrhosis. Sustained virologic
suppression, biochemical response, and improvements
in liver histology were achieved by most of the patients
throughout the 240 wk of treatment. These findings,
together with a high genetic barrier to resistance,
provide evidence that support the use of entecavir
as a first-line treatment for patients with CHB and
advanced liver disease.

Child-Pugh A
Child-Pugh B
Child-Pugh C

P = 0.003 (Child-Pugh A)
P = 0.02 (Child-Pugh B)

Proportion of patients (%)

100
80

47.1

59.8

67.6

60
40
39.2
30.4

20
13.7

9.8

Baseline

Week 96

24.5
7.9
Week 240

Figure 4 Improvements in Child-Pugh grade at weeks 96 and 240 of
entecavir treatment in patients with compensated and decompensated
cirrhosis.

and extended these findings to patients with CHB and
compensated or decompensated cirrhosis.
The long-term goal of treatment for CHB is to arrest
[22,23]
or reverse liver disease progression
. After week
240 of entecavir therapy, all of the 38 patients showed
improvement in liver histology and Ishak fibrosis
score. The mean change in Knodell necroinflammatory
and Ishak fibrosis scores from the baseline were -1.3
and -3.5, respectively. These findings are consistent
with previous studies that demonstrated histologic
improvement with nucleoside analog treatment in
[12,18,20,25,26]
patients with bridging fibrosis/cirrhosis
.
Clinical trial data from ten patients with advanced
fibrosis/cirrhosis (Ishak fibrosis scores, 4-6) found that
after approximately six years of cumulative entecavir
therapy (range: 267-297 wk), all of the patients
showed improvement in liver histology and Ishak
fibrosis score; mean changes in Ishak fibrosis and
Knodell necroinflammatory scores from the baseline
were 2.2 and 7.6, respectively. A reduction in Ishak
fibrosis score to 4 or lower was observed for all four
[20]
patients who had cirrhosis at baseline .
In a previous study of one-year entecavir treatment
in Korean patients with decompensated cirrhosis,
[7]
genotypic resistance to entecavir was not evaluated .
In contrast, comprehensive resistance monitoring of
all the patients in the present study found a virologic
breakthrough in three patients. These results are
consistent with the low cumulative probability of
genotypic entecavir resistance (0.5% at two years
to 1.2% over six years) observed in clinical trials
[27,28]
with nucleoside-naive patients without cirrhosis
.
Considering that current CHB guidelines recommend
[22-24]
long-term treatment for patients with cirrhosis
,
the low rate of genotypic entecavir resistance in
this study provides further evidence to support the
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SYSTEMATIC REVIEWS

Utility of fluorescent cholangiography during laparoscopic
cholecystectomy: A systematic review
Antonio Pesce, Gaetano Piccolo, Gaetano La Greca, Stefano Puleo

Abstract

Antonio Pesce, Gaetano La Greca, Stefano Puleo, Department
of Medical and Surgical Sciences and Advanced Technologies “G.F.
Ingrassia”, University of Catania, 95123 Catania, Italy

AIM: To verify the utility of fluorescent cholangiography
for more rigorous identification of the extrahepatic biliary
system.

Gaetano Piccolo, Department of Surgery, University of Catania,
95123 Catania, Italy

METHODS: MEDLINE and PubMed searches were
performed using the key words “fluorescent cholan
giography”, “fluorescent angiography”, “intraoperative
fluorescent imaging”, and “laparoscopic cholecystectomy”
in order to identify relevant articles published in English,
French, German, and Italian during the years of 2009
to 2014. Reference lists from the articles were reviewed
to identify additional pertinent articles. For studies
published in languages other than those mentioned
above, all available information was collected from their
English abstracts. Retrieved manuscripts (case reports,
reviews, and abstracts) concerning the application
of fluorescent cholangiography were reviewed by
the authors, and the data were extracted using a
standardized collection tool. Data were subsequently
analyzed with descriptive statistics. In contrast to classic
meta-analyses, statistical analysis was performed where
the outcome was calculated as the percentages of
an event (without comparison) in pseudo-cohorts of
observed patients.
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RESULTS: A total of 16 studies were found that
involved fluorescent cholangiography during standard
laparoscopic cholecystectomies (n = 11), singleincision robotic cholecystectomies (n = 3), multiport
robotic cholecystectomy (n = 1), and single-incision
laparoscopic cholecystectomy (n = 1). Overall, these
preliminary studies indicated that this novel technique
was highly sensitive for the detection of important
biliary anatomy and could facilitate the prevention of
bile duct injuries. The structures effectively identified
before dissection of Calot’s triangle included the cystic
duct (CD), the common hepatic duct (CHD), the
common bile duct (CBD), and the CD-CHD junction. A
review of the literature revealed that the frequencies
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[1,4,6,10]

reduces the risk of BDI
. However, the procedure
also has inherent limitations and is therefore reserved
[11,12]
for select cases
. Moreover, worldwide consensus
[13]
regarding the implementation of IOC is still lacking .
Hepatobiliary surgery has become increasingly
safe as a result of considerable progress in equipment,
technology, perioperative management, and surgical
technique. Fluorescent cholangiography (FC) is a
novel approach, which offers real-time intraoperative
imaging of the biliary anatomy. The first intraoperative
use of FC in humans was described by Ishizawa et
[14]
al
in 2010. The method involves the administration
of indocyanine green (ICG) by either intrabiliary
injection or intravenous injection 30 min before
surgery. ICG binds to proteins present in bile and is
excreted exclusively by the liver when administered
intravenously. The excitation of protein-bound ICG
by near-infrared light causes it to fluoresce, thereby
delineating components of the biliary system for
the surgeon. Fluorescence and imaging is achieved
through a system consisting of a small control unit, a
charge-coupled device camera, a xenon light source,
and a 10 mm laparoscope containing specially coated
lenses that transmit near-infrared light.
Intraoperative FC has been successfully performed
during mini-invasive cholecystectomies in various
studies, including standard LCs, single-incision cholecys
tectomies (SILCs), and robotic cholecystectomies
[15-34]
(RCs)
. The primary aim of this review was to
verify the utility of this technique for the intraoperative
visualization of the extrahepatic biliary system in order
to reduce the incidence of BDIs. The second aim was to
illuminate the potential benefits and relative limitations
of intraoperative FC.

of detection of the extrahepatic biliary system ranged
from 71.4% to 100% for the CD, 33.3% to 100% for
the CHD, 50% to 100% for the CBD, and 25% to 100%
for the CD-CHD junction. However, the frequency of
visualization of the CD and the CBD were reduced in
2
patients with a body mass index > 35 kg/m relative to
2
those with a body mass index < 35 kg/m (91.0% and
64.0% vs 92.3% and 71.8%, respectively).
CONCLUSION: Fluorescent cholangiography is a safe
procedure enabling real-time visualization of bile duct
anatomy and may become standard practice to prevent
bile duct injury during laparoscopic cholecystectomy.
Key words: Extrahepatic biliary system; Laparoscopic
cholecystectomy; Bile duct injury; Biliary anomalies;
Fluorescent cholangiography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fluorescent cholangiography (FC) is a safe
and effective novel procedure that enables real-time
visualization of the biliary system. Intraoperative
FC has been successfully performed during miniinvasive cholecystectomies in various studies, including
standard laparoscopic cholecystectomies, single incision
cholecystectomies, and robotic cholecystectomies.
The primary aim of this review is to verify the utility of
this technique for more rigorous identification of the
extrahepatic biliary system in order to prevent bile duct
injuries intraoperatively. The second aim is to illuminate
potential benefits and limitations in the application of FC.
Pesce A, Piccolo G, La Greca G, Puleo S. Utility of fluorescent
cholangiography during laparoscopic cholecystectomy:
A systematic review. World J Gastroenterol 2015; 21(25):
7877-7883 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7877.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7877

MATERIALS AND METHODS
Literature search

MEDLINE and PubMed searches were performed
using the key words “fluorescent cholangiography”,
“fluorescent angiography”, “intraoperative fluorescent
imaging”, and “laparoscopic cholecystectomy” in
order to identify relevant articles published in English,
French, German, and Italian from 2009 to 2014.
Reference lists from the articles were reviewed to
identify additional relevant articles. For studies published
in languages other than those mentioned above, all
available information was taken from their English
abstracts. All studies that contained material applicable
to the topic were considered. Retrieved manuscripts
(case reports, reviews, and abstracts) were reviewed
by the authors, and the data were extracted using a
standardized collection tool. Data were analyzed using
descriptive statistics.

INTRODUCTION
Laparoscopic cholecystectomy (LC) is one of the most
commonly performed surgical procedures worldwide.
Annually, more than 750000 procedures are per
[1]
formed in the United States and approximately
[2]
60000 in Japan . Bile duct injury (BDI) is a rare but
very serious complication of LC, with an incidence of
[3-7]
0.3%-0.7%
and a significant impact on quality of
[8]
life and overall survival .
The high frequency of BDI with laparoscopic cho
lecystectomy was first considered to be a consequence
of the initial learning curve of the surgeon, but it later
became clear that the primary cause of BDI was
misinterpretation of biliary anatomy (71%-97% of
[9]
all cases) . Intraoperative cholangiography (IOC)
has been advised by many authors as the technique
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Statistical analysis

In contrast to classic meta-analyses, the outcome
is defined here as the percentages of an event
(without comparison) in pseudo-cohorts of observed
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Table 1 Detection rates of biliary and vascular structures using fluorescent cholangiography n (%)
Ref.
[17]

Larsen et al
Daskalaki et al[19]
Dip et al[16]
Osayi et al[18]
Dip et al[20]
Verbeek et al[21]
Buchs et al[22]
Spinoglio et al[23]
Schols et al[24]
Buchs et al[27]
Kaneko et al[25]
Ishizawa et al[28]
Aoki et al[30]
Ishizawa et al[32]
Ishizawa et al[32]
Weighted average, % (95%CI)

Technique

n

CD

CHD

CD-CHD junction

CBD

CA

LC
RC
LC
LC
LC
LC
SIRC
SIRC
LC
SIRC
LC
SILC
LC
LC
LC

35
184
45
82
43
14
23
45
15
12
28
7
14
52
1

35 (100)
180 (97.8)
44 (97.7)
78 (95.1)
42 (97.6)
14 (100)
23 (100)
42 (93.0)
15 (100)
11 (91.7)
26 (92.9)
5 (71.4)
10 (71.4)
52 (100)
1 (100)
96.2 (94.7-97.7)

35 (100)
173 (94.0)
27 (60.0)
57 (69.5)
25 (58.1)
40 (80.0)
4 (33.3)
27 (96.4)
7 (100)
50 (96.2)
1 (100)
78.1 (74.8-81.4)

35 (100)
154 (83.6)
63 (76.8)
40 (80.0)
3 (25.0)
7 (100)
50 (96.2)
1 (100)
72.0 (69.0-75.0)

35 (100)
177 (96.1)
36 (80.0)
63 (76.8)
34 (79.1)
41 (91.0)
15 (100)
6 (50.0)
10 (71.4)
86.0 (83.3-88.8)

29 (83.0)
25 (89)
4 (57.1)
69.4 (61.8-77.1)

CA: Cystic artery; CBD: Common bile duct; CD: Cystic duct; CHD: Common hepatic duct; LC: Standard laparoscopic cholecystectomy; RC: Robotic
cholecystectomy; SILC: Single-incision laparoscopic cholecystectomy; SIRC: Single-incision roboticcholecystectomy.

patients. Overall proportions can be estimated from
the weighted mean of percentages measured in
each study. The weight in this case is derived from
the number of subjects included in the study out of
the total number of subjects in all studies, which is
inverse of the variance in the classic meta-analyses.
The confidence interval is calculated through the use
of the normal distribution to approximate the binomial
probabilities given that the condition “product of the
probability and sample size (np) is more than 5” is
fulfilled.

of at least one biliary structure was possible in 99% of
cases, whereas all four main structures were detected
(CD, CHD, CBD, and CD-CHD junction) in 83% of
cases. No major complications, including biliary injury
or conversion to open or laparoscopic approach,
occurred in this series.
[18]
Using near-infrared FC (NIRF-C), Osayi et al
reported rates of visualization of the CD, CBD, and
CHD after complete dissection of Calot’s triangle of
95.1%, 76.8%, and 69.5%, respectively, compared to
72.0%, 75.6%, and 74.3% for IOC. In general, biliary
structures were successfully identified with NIRF-C
without biliary injuries or other major complications in
80% of cases.
These data indicated that FC provided a reliable
roadmap of the bile duct anatomy, enabling surgeons
to avoid BDIs while dissecting Calot’s triangle.

RESULTS
Identification of biliary system with FC

At the time of this review, a total of 16 studies were
found which involved FC during standard LCs (n = 11),
single-incision RCs (SIRCs; n = 3), multiport RCs (n =
1), and SILC (n = 1).
The detection rates of major extrahepatic biliary
structures with FC during laparoscopic or robotic
cholecystectomy before dissection of Calot’s triangle
are summarized in Table 1. Overall, the potential of
this novel technique for the detection of important
biliary anatomy was revealed in these preliminary
studies. The structures successfully identified before
dissection of Calot’s triangle included the cystic duct
(CD), the common hepatic duct (CHD), the common
bile duct (CBD), and the CD-CHD junction. A review
of the literature revealed that the rates of detection of
extrahepatic biliary system with this strategy ranged
from 71.4 to 100% for CD, 33.3% to 100% for CHD,
50.0% to 100% for CBD, and 25.5% to 100% for the
CD-CHD junction, with weighted averages of 96.2%,
78.1%, 72.0%, and 86.0%, respectively (Table 1).
[19]
Daskalaki et al published the largest series to
date of RCs performed with ICG fluorescence for the
visualization of the biliary tree anatomy. Visualization
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Identification of biliary structures with FC before and
after Calot’s dissection

A review of the literature revealed that a preliminary
dissection of Calot’s triangle led to an overall increase
in the identification of all biliary structures. Ishizawa et
[14]
al
in 2010 reported results on the first large cohort
of patients (n = 52) who had undergone LC with ICG
FC. Rates of visualization for the CD and the CHD
were found to be 100% and 96%before dissection
and 100% after dissection for both structures. Buchs
[22]
et al
concurrently published preliminary results on a
series of 12 SIRC cases performed with intraoperative
ICG FC.The rates of visualization for the CD, CHD,
CBD, and the CD-CHD junction beforeCalot’s dissection
were 91.7%, 33.3%, 50.0%, and 25.0%, and
100.0%, 66.0%, 83.3%, and 58.0% after Calot’s
dissection, respectively. More recently, Spinoglio et
[23]
al
reported more encouraging databased on results
from a cohort of patients (n = 45) who had undergone
SIRC performed with routine ICG FC to evaluate the
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Table 2 Identification of biliary structures before and after Calot’s dissection
Vascular structure
Before dissection of Calot’s
triangle
CD
CHD
CBD
CD-CHD junction
After dissection of Calot’s
triangle
CD
CHD
CBD
CD-CHD junction

Ishizawa et al

[14]

Osayi et al

[18]

Spinoglio et al

[23]

Buchs et al

[22]

n /total

%

n /total

%

n /total

%

n /total

%

Weighted average,
% (95%CI)

52/52
50/52
50/52

100.0
96.1
96.1

46/82
29/82
31/82
20/82

56.1
35.4
37.8
24.4

42/45
40/45
41/45
40/45

93.3
88.8
91.1
88.8

11/12
4/12
6/12
3/12

91.7
33.3
50.0
25.0

79.1 (74.0-84.1)
64.4 (59.0-69.8)
56.1 (48.9-63.3)
59.1 (54.1-64.1)

52/52
52/52
52/52

100.0
100.0
100.0

78/82
57/82
63/82
63/82

95.1
69.5
76.8
76.8

44/45
44/45
44/45
44/45

97.7
97.7
97.7
97.7

12/12
8/12
10/12
7/12

100.0
66.6
83.3
58.3

97.4 (94.9-99.8)
84.3 (79.6-89.0)
84.1 (78.3-90.0)
86.9 (82.5-91.3)

CD: Cystic duct; CHD: Common hepatic duct; CBD: Common biliary duct.
2

extrahepatic biliary anatomy. The visualization rates of
the CD, CHD,and CBD before the dissection of Calot’s
triangle were 93%, 88%, and 91%, respectively. After
dissection of Calot’s triangle, all of the rates increa
sed to 97%. Statistical analysis confirmed that the
increases in visualization rates from all studies were
statistically significant (Table 2).

35 kg/m (22/82; 26.8%) relative to patients with a
2
BMI < 35 kg/m (91.0% and 64.0 % vs 92.3% and
71.8%, respectively). Finally, in the case with the
2
highest BMI (63 kg/m ), the only structure visualized
was the CD.In all patients, the CD was visualized at a
significantly higher rate with NIRF-C than IOC (95.1%
vs 72.0%, P < 0.001), while there was no difference in
visualization of the CD in the subgroup of patients (n =
62) who had undergone both NIRF-C and IOC (98.4%
vs 95.2%).
Overall, few results regarding the use of FC in obese
patients have been reported.According to the data
available, no statistically significant difference exists
2
between patients with BMI < 30 kg/m compared to
2
patients with BMI > 30 kg/m , regarding improved
visualization of the biliary structures.The visualization
frequency of the biliary structures in obese relative
to non-obese patients, ranges from 92.3% to 100%
vs 90.0% to 98.7% for the CD, 61.5% to 94.0% vs
40.0% to 93.9% for the CHD, and 50.0% to 95.0%
vs 50.0% to 97.5% for the CBD, respectively (Table
3). There was an apparent difference only with regard
to the visualization of the CD-CHD junction (61.0% to
82.3% vs 76.7% to 85.3%, respectively).

Identification of biliary structures with FC in obese
patients

Although FC during LC appears to be a safe and
effective procedure enabling real-time visualization
of the biliary duct anatomy, limited results have
been reported for when patients present with more
challenging clinical conditions, such as obesity or acute
cholecystitis. One of the potential limiting factors
of the procedure is that near-infrared light has a
penetration capability of only 5-10 mm. Therefore,
the identification of the Calot’s triangle structures can
be challenging, especially in cases where there is an
abundance of fatty tissue or severe inflammation of
the gallbladder and surrounding tissues. In a cohort
[19]
of obese patients , the CD, CHD, and CBD were
successfully identified with ICG fluorescence in 97%,
94%, and 95% of the cases,respectively, and the CDCHD junction in 82% of the cases. However, some
differences between patients were reported based on a
2
2[19]
body mass index (BMI) > 30 kg/m or < 30 kg/m .
NIRF-C was also used to evaluate the extrahepatic
biliary structures, before and after complete dissection
of Calot’s triangle, in patients (n = 82) who had
[18]
undergone elective LC . A number of obese patients
[18]
were also included (39/82; 47.6%) , and the results
were compared to the routine use of IOC.A modestly
improved rate for the identification of biliary structures
2
was observed in patients with BMI < 30 kg/m (43/82;
2
52.4%) relative to those with BMI > 30 kg/m . Only
a statistical difference for the visualization of the CDCHD junction emerged (24.4% vs 76.8%, P = 0.04).
However, the rates of visualization of the CD and
the CBD were decreased in patients with a BMI >

WJG|www.wjgnet.com

Identification of biliary structures with FC in patients
with cholecystitis

Data were analyzed in the patients presenting with a
second complicating clinical factor, cholecystitis, excluding
patients with acute and gangrenous cholecystitis
undergoing emergency surgery. Even in this subset of
challenging cases,the successful identification of the CD,
CHD, CBD and the CD-CHD junction was reported to be
[19]
91.6%, 79.1%, 79.1%, and 75.0%, respectively .
Similar results for visualization rates in such patients
have been reported in a second study: 94.5%, 57.0%,
[20]
and 72.0% for the CD, CHD, and CBD respectively
(Table 4). The number of patients examined, however,
was too small for conclusive determination of the
utility of FC in patients with cholecystitis. For these
[20]
patients, Dip et al
has advocated for the combined
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Table 3 Identification of biliary structures using fluorescent cholangiography in obese patients
Daskalaki et al

Vascular structure
BMI > 30 kg/m2
CD
CHD
CBD
CD-CHD junction
BMI < 30 kg/m2
CD
CHD
CBD
CD-CHD junction

[19]

Osayi et al

[18]

Buchs et al

[22]

n /total

%

n /total

%

n /total

%

Weighted average, %
(95%CI)

99/102
96/102
97/102
84/102

97.0
94.1
95.0
82.3

36/39
24/39
28/39
26/39

92.3
61.5
71.8
66.6

2/2
0/2
1/2
0/2

100
0
50
0

95.8 (92.5-99.0)
83.9 (80.0-87.8)
88.0 (83.1-93.0)
76.9 (70.2-83.5)

81/82
77/82
80/82
70/82

98.8
93.9
97.5
85.3

42/43
33/43
35/43
37/43

97.7
76.7
81.4
86.0

9/10
4/10
5/10
3/10

90
40
50
30

97.1 (94.6-99.5)
84.4 (78.8-90.0)
88.9 (84.0-93.7)
81.4 (75.3-87.5)

BMI: Body mass index; CBD: Common biliary duct; CD: Cystic duct; CHD: Common hepatic duct.

the presence of CBD stones.

Table 4 Identification of biliary structures using fluorescent
cholangiography in patients with acute cholecystitis
Vascular
structure
CD
CHD
CBD
CD-CHD
junction

Daskalaki et al

[19]

Dip et al

Detection of the biliary anomalies and leaks

The ability to detect biliary anomalies with FC has been
investigated. Accessory bile ducts were diagnosed
before surgery by drip infusion cholangiography and/or
[14]
MRCP in 8/52 (15%) patients ; a right lateral, right
paramedian, or a left paramedian sector branch were
all draining directly into the CHD. In two patients,
the accessory bile duct was detected with FC before
dissection of Calot’s triangle. In the remaining six
patients, the accessory bile duct was observed only
after dissection of Calot’s triangle. Fluorescent imaging
also revealed communicating accessory bile ducts
between the left and right lobes of the liver in two
patients. Anatomical variations were also identified
[19]
with FC in an additional five patients (2.7%) . In
two cases, the CD was joined directly to the right
hepatic duct, while in a third, the CBD was completely
posterior to the hepatic artery. A fourth patient had an
extended CD that was observed running parallel to the
right hepatic duct before joining the CBD, and the last
patient presented with an aberrant canaliculus from
liver segment VI to the CHD.
The ability to detect intraoperative bile leaks with
FC has been investigated to a limited extent. Bile
leakage caused by cannulation of the CD in humans
during IOC was easily visualized with fluorescent
[35]
imaging . However, detection of previously unknown
bile leaks has not been reported.

[20]

n / total

%

n /total

%

22/24
19/24
19/24
18/24

91.6
79.1
79.1
75.0

-

94.5
57.0
72.0
-

CBD: Common biliary duct; CD: Cystic duct; CHD: Common hepatic duct.

use of FC to identify the CD, followed by IOC to verify
the CD-CHD junction.Preoperative magnetic resonance
cholangiopancreatography (MRCP) offers an alter
native to this strategy. In addition to excluding the
concomitant lithiasis of the CBD, MRCP imaging allows
for accurate visualization of the intra- and extrahepatic
biliary tracts and can reveal a greater number of
primary or secondary anatomical variations due to
acute inflammation.

Detection of biliary stones

One of the important applications of standard flu
oroscopic IOC is for the detection of biliary stones.
To date, there is no evidence that FC can effectively
identify CBD stones. However, the ability of this
technique to detect stones elsewhere in the biliary
tree has not been thoroughly investigated. Currently,
results do not support the replacement of standard
IOC with FC in cases where biliary stones are sus
pected preoperatively. Biliary stones in the cystic
duct observed in preoperative cholangiography were
correctly diagnosed in four patients with fluoroscopic
[14]
IOC . The fluorescent images were helpful for
determining the optimal point for dividing the cystic
duct without leaving stones in the remaining cystic
duct. In contrast, FC failed to detect CBD stones
diagnosed before surgery in one patient. According to
[19]
Daskalaki et al , FC could help to reveal a dilation or
gallstones in the CD, but the method cannot exclude

WJG|www.wjgnet.com

Fluorescent angiography concomitant with
cholangiography

Coupling of the fluorescent angiography with cholan
giography has been described to enable identification
[14,17,25,34]
of the cystic artery
. A second intraoperative
bolus injection of ICG was required, however. In the
largest study, the cystic artery began to fluoresce 20
to 30 seconds after the bolus, and it was identified in
[25]
25/28 (89.3%)patients . In two additional studies,
[14]
the cystic artery was successfully localized in 57%
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[17]

and 83%

and effective novel procedure that enables real-time visualization of the biliary
system. The primary aim of this review is to verify the utility of this technique for
more rigorous identification of the extrahepatic biliary system in order to reduce
bile duct injuries intraoperatively. The second aim is to illuminate the limitations
of the procedure as well as the potential benefits.

of cases.

DISCUSSION
FC has several potential advantages over conventional
radiographic IOC. First, FC saves time, and second,
FC prevents BDIs typically associated with a con
ventional IOC approach. Third, the technique is more
convenient,as it requires only a preoperative intravenous
ICG injection, and fluorescent images of the biliary tract
are obtained in real time at any point during surgery
without the assistance of radiation technicians. Fourth,
fluorescent imaging enables surgeons to evaluate
the extrahepatic biliary system easily and within a
short timeframe. Lastly, the procedure is safe. There
is no exposure to radiation, and the risk of adverse
reactions to the ICG injection is very small (about
[35]
0.003% at doses exceeding 0.5 mg/kg) . In short,
ten characteristics have been highlighted for the use of
FC in LC over IOC: feasibility, cost (cheaper), operating
time (faster), specificity, instructional applications,
safety, lack of learning curve, lack of X-ray exposure,
[20]
simplicity, and real-time surgery .
FC, however, also has some inherent deficiencies,
namely, the limited tissue penetration of near-infrared
light.Limited penetration of light results in the inability
to visualize deep intrahepatic ducts or extrahepatic
ducts obscured by surrounding organs and tissue.
Practically, the technique is severely limited in patients
with specific clinical conditions, such as obesity and
cholecystitis, due to obstruction of near-infrared light.
In conclusion, ICG FC is a safe and effective pro
cedure that enables real-time visualization of the biliary
system. For these reasons, this novel procedure may
become standard practice in order to prevent BDI during
LC. Furthermore, the technique may replace RC as it
allows for a more accurate and less invasive identification
of the extrahepatic biliary anatomy tract, which reduces
operative time, medical costs, and major postoperative
[14,15]
complications
. Further research should aim to assess
the impact of this technique on adverse events and longterm patient outcomes.

Research frontiers

The first intraoperative use of FC in humans was described by Ishizawa et al
in 2010. The method involves the administration of indocyanine green (ICG)
by either intrabiliary injection or intravenous injection 30 min before surgery.
ICG binds to proteins present in bile and is excreted exclusively by the liver
when administered intravenously. The excitation of protein-bound ICG by nearinfrared light causes it to fluoresce, thereby delineating components of the
biliary system for the surgeon. A fluorescent imaging system consisting of a
small control unit, a charge-coupled device camera, a xenon light source, and
a 10 mm laparoscope containing specially coated lenses that transmit nearinfrared light has been devised specifically for this surgical application.

Innovations and breakthroughs

Intraoperative FC has been successfully performed during mini-invasive
cholecystectomies in various studies, including standard laparoscopic cho
lecystectomies, single incision cholecystectomies, and robotic cholecystectomies.
Retrieved manuscripts (case reports, reviews, and abstracts) concerning the
utility of FC were reviewed by the authors, and the data were extracted using a
standardized collection tool.

Applications

This review suggests that FC is a valid method to detect extrahepatic biliary
anatomy during laparoscopic cholecystectomy, and that the technique may
become standard practice in order to prevent bile duct injuries.

Terminology

FC is a novel method that involves the administration of ICG by either
intrabiliary injection or intravenous injection 30 min before surgery, which is
excited by a near-infrared light source, thus permitting visualization of the
extrahepatic biliary system intraoperatively.

Peer-review

In this systematic review, the authors have presented a thorough and critical
analysis of the utility of FC for more rigorous identification of biliary anatomy in
order to prevent bile duct injury during laparoscopic cholecystectomies.
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AIM: To investigate the performance of magnifying
endoscopy with narrow-band imaging (ME-NBI) in the
diagnosis of early gastric cancer (EGC).
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METHODS: Systematic literature searches were con
ducted until February 2014 in PubMed, Embase, Web
of Science, Ovid, Scopus and the Cochrane Library
databases by two independent reviewers. Meta-analysis
was performed to calculate the pooled sensitivity,
specificity and diagnostic odds ratio and to construct a
summary receiver operating characteristic (ROC) curve.
Subgroup analyses were performed based on the
morphology type of lesions, diagnostic standard, the
size of lesions, type of assessment, country and sample
size to explore possible sources of heterogeneity.
A Deeks’ asymmetry test was used to evaluate the
publication bias.
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RESULTS: Fourteen studies enrolling 2171 patients
were included. The pooled sensitivity, specificity and
diagnostic odds ratio for ME-NBI diagnosis of EGC were
0.86 (95%CI: 0.83-0.89), 0.96 (95%CI: 0.95-0.97)
and 102.75 (95%CI: 48.14-219.32), respectively, with
the area under ROC curve being 0.9623. Among the
14 studies, six also evaluated the diagnostic value of
conventional white-light imaging, with a sensitivity
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find a novel endoscopic imaging technology with high
diagnostic accuracy.
Magnifying endoscopy with narrow-band imaging
(ME-NBI) is an advanced endoscopic imaging tech
nology launched recently, in which spectral bandwidth
filters in a red-green-blue (R/G/B) sequential illumi
nation system are used to improve the accuracy of
[9]
diagnosis . It has been developed to enhance the
visualization of the superficial mucosal structure and
[10]
vascular architecture . So far, ME-NBI has been
applied in the diagnoses of various diseases, such as
[11,12]
[13]
Barrett’s esophagus
, esophageal carcinoma ,
[14]
Helicobacter pylori-associated chronic gastritis ,
[15]
[10]
intestinal metaplasia , colonic polyps
and so
forth. Moreover, it has also been applied to evaluate
[16]
the histological type of early gastric cancer (EGC)
and to measure the horizontal extent and invasion
depth of the tumor before endoscopic submucosal
[17,18]
dissection
.
A randomized and controlled trial reported that
ME-NBI was more accurate than C-WLI endoscopy in
[3]
identifying small, depressed gastric mucosal cancers .
However, the accuracy of ME-NBI for the diagnosis of
EGC was variable, with the sensitivity ranging from
60% to 100% and the specificity ranging from 84%
[3-8,19-26]
to 100%
. The aim of this meta-analysis was to
systematically assess the diagnostic performance of
ME-NBI in EGC.

of 0.57 (95%CI: 0.50-0.64) and a specificity of 0.79
(95%CI: 0.76-0.81). When using “VS” (vessel plus
surface) ME-NBI diagnostic systems in gastric lesions
of depressed macroscopic type, the pooled sensitivity
and specificity were 0.64 (95%CI: 0.52-0.75) and 0.96
(95%CI: 0.95-0.98). For the lesions with a diameter
less than 10 mm, the sensitivity and specificity were 0.74
(95%CI: 0.65-0.82) and 0.98 (95%CI: 0.97-0.98).
CONCLUSION: ME-NBI is a promising endoscopic tool
in the diagnosis of early gastric cancer and might be
helpful in further target biopsy.
Key words: Narrow-band imaging; Early gastric cancer;
Magnifying endoscopy; Meta-analysis; Conventional
white-light imaging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first meta-analysis to systematically
evaluate the diagnostic performance of magnifying
endoscopy with narrow-band imaging (ME-NBI) for
early gastric cancer (EGC) and the pooled results
showed that ME-NBI was an effective endoscopic tool
in EGC diagnosis, which has a better performance
than conventional white-light imaging. Moreover, the
morphology type of lesions, diagnostic standard and
the size of lesions might influence the diagnostic value
of ME-NBI.

MATERIALS AND METHODS

Hu YY, Lian QW, Lin ZH, Zhong J, Xue M, Wang LJ. Diagnostic
performance of magnifying narrow-band imaging for early
gastric cancer: A meta-analysis. World J Gastroenterol 2015;
21(25): 7884-7894 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7884.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7884

Search strategy

We systematically searched in PubMed, Embase,
Web of Science, Ovid, Scopus and the Cochrane
Library databases up to February 2014 to identify
relevant articles. The search terms were as follows:
(“narrow band” OR “narrow band imaging” OR
“NBI” OR “electronic chromoendoscopy” OR “digital
chromoendoscopy” OR “optical chromoendoscopy”)
AND (“gastric cancer” OR “gastric carcinoma” OR
“gastric neoplasm” OR “stomach cancer” OR “stomach
carcinoma” OR “stomach neoplasm”). To avoid missing
studies, we also read through the reference lists of
relevant articles and reviews. The retrieved studies
were carefully examined to exclude duplicate data.
After scanning titles and abstracts of articles selected
from the initial search, we reviewed the full text of
potential eligible studies. This meta-analysis was
designed, conducted and reported according to the
PRISMA statement.

INTRODUCTION
Gastric cancer remains the second leading cause of
[1]
cancer-associated death worldwide . Early detection
and therapy for gastric cancer can improve 5 year
survival rates to 96%, compared to the high mortality
[2]
of advanced gastric cancer . Therefore, it is a top
priority to make a diagnosis at an early stage in the
management of gastric cancer.
Conventional white-light imaging (C-WLI) has been
applied as the standard endoscopic examination for the
identification of suspicious lesions but it is difficult to
make an accurate diagnosis of early neoplastic lesions
[3]
in most cases . Several studies have indicated that
the sensitivity of C-WLI for diagnosing early gastric
cancer varied from 33% to 75% and specificity from
[3-8]
57.0% to 93.8% . The ultimate goal of endoscopists
is to make a reliable diagnosis under microscopic
[3]
view, with a decreased number of biopsies . To this
end, C-WLI would not be entitled and it is urgent to

WJG|www.wjgnet.com

Selection criteria

Articles were included if they met all the following
inclusion criteria: (1) ME-NBI was used for the diagnosis
of EGC; (2) numbers of true-positive (TP), false-positive
(FP), true-negative (TN) and false-negative (FN) cases
were reported or could be calculated; (3) histopathology
was applied as a reference standard; and (4) published
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Statistical analysis

Records initially identified (n = 515)

Meta-analysis was carried out to evaluate the accu
racy of ME-NBI in differentiating malignant from
benign early gastric lesions. The pooled sensitivity,
specificity, positive LR, negative LR and diagnostic
OR (with corresponding 95%CI) were estimated by a
fixed-effect model (Mantel-Haenszel method) when
significant heterogeneity was absent or a random
effect model (DerSimonian-Laird method) when there
was significant heterogeneity. Heterogeneity among
the included studies was tested by the Cochrane
2
Q test. Inconsistency (I ) was used to express the
percentage variability attributable to heterogeneity.
2
I greater than 50% was considered significant
for heterogeneity. A summary receiver operating
characteristic (SROC) curve was constructed. The
area under the curve (AUC) was an overall summary
measure index of the diagnosis and a perfect test
would have an AUC close to 1. To explore possible
sources of heterogeneity among the studies, subgroup
analyses were performed with the following covariates
such as the morphology type of lesions (depressed
vs not depressed), diagnostic standard (an irregular
microvascular (MV) pattern or/and an irregular
microsurface (MS) pattern with a demarcation line
vs others), lesion size (the diameter more than 10
mm vs less than 10 mm), type of assessment (realtime vs post-procedure), country (China vs Japan)
and sample size (< 100 patients vs ≥ 100 patients).
Spearman coefficient was assessed to assess threshold
effect. A strongly positive correlation between the log
of sensitivity and the log of 1-specificity indicates the
presence of threshold effect.
Deeks’ asymmetry was employed to evaluate
the publication bias by constructing a funnel plot of
diagnostic log odds ratio vs 1/sqrt (effective sample
size). The pooled sensitivity, specificity, positive LR,
negative LR, diagnostic OR, SROC curve, Spearman
coefficient and subgroup analysis were performed
using Meta-Disc version 1.4 (Ramony Cajal Hospital,
Madrid, Spain). Meta-regression and publication
bias were analyzed using STATA version 12.0 (Stata
Corporation, College Station, Tex). P < 0.05 was
considered statistically significant.

Excluded after title and abstract
review (n = 381)

Potentially relevant articles
identified (n = 134)

Review, system-review, case reports,
meeting abstracts, editorials or comments
(n = 103)

Unable to construct 2 × 2 table (n = 4)
Duplicated article data (n = 1)
Not in English (n = 7)
Not a full article (n = 2)

Combined other examinations to diagnose
EGC (n = 2)

EGC only contain high-grade intraepithelial
neoplasia (n = 1)

Fourteen eligible studies included for analysis

Figure 1 Literature search flow diagram. EGC: Early gastric cancer.

as full articles in English. Articles that met any of the
following exclusion criteria were excluded: (1) combined
examinations for EGC diagnosis, such as ME-NBI
combined with trimodal imaging endoscopy or AFI; (2)
previous known gastric cancer lesions; (3) only highgrade intraepithelial neoplasia; (4) hereditary diffuse
gastric cancer or gastric remnant carcinoma; and (5)
review articles, case reports, editorials, comments,
letters to the editor, meeting abstracts.

Data extraction and quality assessment

Data were extracted independently by 2 reviewers
and the following information was obtained from
each study: the first author, year of publication, age
and gender, morphology type of lesions, diagnostic
standard, lesion size, type of assessment, endoscopic
system and number of endoscopists. Numbers of
TP, FP, TN and FN were also extracted. Discrepancies
were resolved by a third investigator. The quality of
the included studies was estimated using the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS).
A total of 14 items were assessed, with each item
assessed as “yes”, “no” or “unclear”.

WJG|www.wjgnet.com

RESULTS
Included studies

After searching PubMed, Embase, Web of Science,
Ovid, Scopus and the Cochrane Library databases,
515 articles were identified. On the basis of titles and
abstracts, 343 articles were excluded, leaving 172
studies for further selection. The selection process
and reasons for exclusion are summarized in Figure 1.
Fourteen studies comprising 2171 participants were
eligible for final analysis.
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49
508

51
93

135

137

146
353

93
53
111

42

Kanesaka et al[21]
Tao et al[4]

Horiuchi et al[22]
Maki et al[5]

Miwa et al[6]

Tsuji et al[24]

Li et al[23]
Ezoe et al[3]

Nonaka et al[25]
Ezoe et al[7]
Kato et al[8]

Yao et al[26]

NA

71/22
NA
98/13

88/58
278/75

101/36

77/58

31/20
73/20

35/16
316/192

49/41
183/127

Sex,
male/female

NA

70
NA
66.3

59.3
69

NA

70.1

65
NA

NA
63

57.5
66

Age, mean

Japan

Japan
Japan
Japan

China
Japan

Japan

Japan

Japan
Japan

Japan
China

China
Japan

Country
Type1 A-E
Irregular MV and/or irregular MS with a
demarcation line
Presence of dense-type crypt openings
Irregular MV and/or irregular MS with a
demarcation line
Micrification of fine mucosal structure
Irregular MV and/or irregular MS with a
demarcation line
Irregular MV and/or irregular MS with a
demarcation line
Irregular MV and/or irregular MS with a
demarcation line
Type2 A-C
Irregular MV with a demarcation
line
Type3 Ⅰ-Ⅴ
Irregular MV with a demarcation line
Disappearance of fine mucosal structure,
microvascular dilation, heterogeneity
Either WOS with a regular distribution or
a regular MV

Diagnostic standard

0/46

0/93
57/0
NA

52/112
353/0

19/118

26/109

0/64
0/93

0/51
192/451

47/160
231/134

Morphology type of lesions
(depressed/not depressed)

NA

7.0

≤ 10

15.1

21.9
5.6

NA

NA

NA
NA

NA
7

NA
NA

Real-time

Real-time
Real-time
Real-time

Real-time
Real-time

Post-procedure

Post-procedure

Post-procedure
Post-procedure

Post-procedure
Post-procedure

Real-time
Real-time

Lesion size Type of assessment
(mm)

Lucera

NA
Lucera
Lucera

Lucera
Lucera

Lucera

Lucera

Lucera
Lucera

Lucera
NA

NA
Lucera

Endoscopic system
(Lucera/Exera)

1

4
5
NA

2
31

4

NA

NA
NA

4
NA

2
20

Endoscopists
number

[3-8]

Calculated by a random effect model, the pooled sensitivity and specificity of ME-NBI for diagnosing early gastric cancer were 0.86 (95%CI: 0.83-0.89) and 0.96 (95%CI:
2
2
0.95-0.97), respectively (Figure 2). Significant heterogeneities were found in sensitivity (I = 75.4%) and specificity (I = 86.9%). The AUC was 0.9623 (E = 0.0127)

Diagnostic performance of ME-NBI

The characteristics of the 14 studies are presented in Table 1. Among them, 6 studies
compared the diagnostic values between ME-NBI and C-WLI. Eleven studies
[3,5-8,20-22,24-26]
[4,19,23]
were performed in Japan
and three in China
. Seven studies used “an irregular microvascular (MV) pattern and/or an irregular microsurface (MS)
[3-7,20,24]
[26]
pattern with a demarcation line” as a diagnostic standard
and others used less defined criteria of fine mucosal structure, white opaque substance
or crypt
[21]
[3,7,8,19,20,23,25,26]
[4-6,21,22,24]
openings . Real-time assessment was conducted in eight studies
and post-procedure assessment in the remaining ones
. The macroscopic
[3,7,20]
appearance of lesions was limited to depressed type in three studies
, with “VS” (vessel plus surface) diagnostic systems applied, and the rest of the studies
[4-6,8,19,21-26]
recruited non-depressed lesions
. The overall quality of the selected studies was excellent according to the QUADAS questionnaires and the details are listed in
Table 2.

Study characteristics and quality assessment

Type A-E: Type A, short rod-like pits with regular microvasculature inside pits; Type B, elongated open branch-like pits with regular microvasculature; Type C, dilated pits and increased branching microvasculature; Type
D, villus-like appearance or light blue crest sign; Type E, the appearance of new tumor vessels; 2Type A-C: Type A, clear regular surface patterns and microvascular architecture; Type B, obscure irregular surface patterns or
microvascular architecture; Type C, no surface pattern and sparse microvessels or with avascular areas; 3Type Ⅰ-Ⅴ: Type Ⅰ, clear MS, unclear MV; type Ⅱ, clear MS, clear MV; type Ⅲ, clear MS, abnormal MV; type Ⅳ, slightly
obscured MS, abnormal MV; type Ⅴ, markedly obscured MS, abnormal MV. NA: Not available; MV: The microvascular pattern; MS: The microsurface pattern; WOS: White opaque substance.

1

90
310

No. of
patients

Liu et al[19]
Yao et al[20]

Ref.

Table 1 Characteristics of the selected studies
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Table 2 Quality of articles using the quality assessment of diagnostic accuracy studies tool
Ref.

Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 Item 12 Item 13 Item 14 Scores

Liu et al[19]
Yao et al[20]
Kanesaka et al[21]
Tao et al[4]
Horiuchi et al[22]
Maki et al[5]
Miwa et al[6]
Tsuji et al[24]
Li et al[23]
Ezoe et al[3]
Nonaka et al[25]
Ezoe et al[7]
Kato et al[8]
Yao et al[26]

Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
U
Y
U
U
U
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
U
U
U
U
Y
Y
U
Y
U
N
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
U

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y

14
14
12
13
12
12
12
14
14
12
14
13
13
13

Item 1: Was the spectrum of patients representative of the patients who will receive the test in practice? Item 2: Were selection criteria clearly described?
Item 3: Is the reference standard likely to correctly classify the target condition? Item 4: Is the time period between reference standard and index test short
enough to be reasonably sure that the target condition did not change between the two tests? Item 5: Did the whole sample or a random selection of the
sample receive verification by using a reference standard of diagnosis? Item 6: Did patients receive the same reference standard regardless of the index
test result? Item 7: Was the reference standard independent of the index test? Item 8: Was the execution of the index test described in sufficient detail to
permit replication of the test? Item 9: Was the execution of the reference standard described in sufficient detail to permit its replication? Item 10: Were the
index test results interpreted without knowledge of the results of the reference standard? Item 11: Were the reference standard results interpreted without
knowledge of the results of the index test? Item 12: Were the same clinical data available when test results were interpreted as would be available when the
test is used in practice? Item 13: Were uninterpretable/intermediate test results reported? Item 14: Were withdrawals from the study explained? Y: Yes; N:
No; U: Unclear.

A

Liu 2014
Yao 2014
Kanesaka 2014
Tao 2013
Horiuchi 2013
Maki 2013
Miwa 2012
Tsuji 2012
Li 2012
Ezoe 2011
Nonaka 2011
Ezoe 2010
Kato 2010
Yao 2008

Sensitivity (95%CI)
0.80 (0.52-0.96)
0.60 (0.36-0.81)
0.88 (0.74-0.96)
0.92 (0.73-0.99)
1.00 (0.69-1.00)
0.95 (0.86-0.99)
0.88 (0.76-0.95)
0.75 (0.63-0.85)
0.97 (0.91-1.00)
0.60 (0.36-0.81)
0.90 (0.80-0.96)
0.70 (0.51-0.85)
0.93 (0.66-1.00)
0.96 (0.82-1.00)

Pooled Sensitivity = 0.86 (0.83-0.89)

χ 2 = 52.77; df = 13 (P = 0.0000)
2
Inconsistency (I ) = 75.4 %
0.0

0.2

0.4
0.6
Sensitivity
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B

Liu 2014
Yao 2014
Kanesaka 2014
Tao 2013
Horiuchi 2013
Maki 2013
Miwa 2012
Tsuji 2012
Li 2012
Ezoe 2011
Nonaka 2011
Ezoe 2010
Kato 2010
Yao 2008

Specificity (95%CI)
0.99 (0.96-1.00)
0.98 (0.96-0.99)
0.90 (0.55-1.00)
1.00 (0.99-1.00)
0.85 (0.73-0.93)
0.88 (0.71-0.96)
0.97 (0.91-1.00)
0.85 (0.75-0.92)
0.84 (0.75-0.91)
0.94 (0.89-0.97)
0.85 (0.65-0.96)
0.89 (0.71-0.98)
0.95 (0.90-0.97)
0.94 (0.73-1.00)

Pooled Specificity = 0.96 (0.95-0.97)

0.0

0.2

0.4
0.6
Specificity

0.8

1.0

χ 2 = 99.43; df = 13 (P = 0.0000)
2
Inconsistency (I ) = 86.9 %

Figure 2 Forest plot showing pooled sensitivity and specificity of magnifying endoscopy with narrow-band imaging for early gastric cancer.
2

Significant heterogeneities were found in positive LR (I
2
=79.0%), negative LR (I = 73.6%) and diagnostic OR
2
(I =69.3%).
The Spearman correlation coefficient was 0.367
(p = 0.196), suggesting no evidence of significant
threshold effect. Meta-regression and subgroup
analyses were performed in order to explore the
potential sources of heterogeneity. The results
indicated that the morphology type of lesions,
diagnostic standard, lesion size and sample size
might be the possible sources of heterogeneity (Table
3). Studies in which “VS classification system” was
regarded as diagnostic standard revealed reduced
benefits over those using other diagnostic standards
in terms of sensitivity (81% vs 93%, p = 0.01)
but not in the specificity (97% vs 93%, p = 0.36).
When the “VS” was applied in the depressed lesions,
the sensitivity and specificity were 0.64 (95%CI:
0.52-0.75) and 0.96 (95%CI: 0.95-0.98), while in the
non-depressed lesions, the sensitivity and specificity
were as high as 0.86 (95%CI: 0.81-0.91) and 0.98
(95%CI: 0.96-0.98). The diagnostic sensitivity of
ME-NBI was strikingly lower in depressed lesions
than that in non-depressed ones (64% vs 90%, p <
0.001). Nevertheless, the difference of the specificity
between them was not significant (96% vs 96%, p
= 0.75). ME-NBI had a significantly higher sensitivity
when assessing lesions with a diameter more than
10 mm than those less than 10 mm (90% vs 74%,
p = 0.04), while there was an opposite result in
terms of specificity (88% vs 98%, p = 0.02). For the
studies with a sample size less than 100 patients, the
specificity of ME-NBI for EGC was higher than that
of other studies (97% vs 87%, p = 0.04), while no
marked difference of sensitivity between them was
observed (84% vs 90%, p = 0.22). Meta-regression

SROC curve
1.0
0.9
0.8

Symmetric SROC
AUC = 0.9623
SE (AUC) = 0.0127
Q * = 0.9079
SE (Q *) = 0.0189

Sensitivity

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

Figure 3 Summary receiver operating characteristic curve showing the
diagnostic performance of magnifying endoscopy with narrow-band
imaging for early gastric cancer.

(Figure 3), indicating an excellent performance of
ME-NBI in the diagnosis of EGC. For C-WLI, the
sensitivity, specificity and AUC for diagnosing EGC
were 0.57 (95%CI: 0.50-0.64), 0.79 (95%CI:
0.76-0.81) and 0.6634, respectively, indicating a
limited diagnostic performance of C-WLI compared
with ME-NBI. Moreover, for the depressed-type
lesions, C-WLI has a low sensitivity of 0.30 (95%CI:
0.18-0.45) and specificity of 0.68 (95%CI: 0.10-0.24).
The overall positive LR, negative LR and diagnostic OR
for diagnosing EGC by ME-NBI were 13.49 (95%CI:
8.14-22.37), 0.16 (95%CI: 0.10-0.24) and 102.75
(95%CI: 48.14-219.32), respectively (Figures 4 and 5).
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A

Liu 2014
Yao 2014
Kanesaka 2014
Tao 2013
Horiuchi 2013
Maki 2013
Miwa 2012
Tsuji 2012
Li 2012
Ezoe 2011
Nonaka 2011
Ezoe 2010
Kato 2010
Yao 2008

0.01

1
Positive LR

B

100.0

Random Effects Model
Pooled Positive LR = 13.49 (8.14-22.37)
Cochran-Q = 61.94; df = 13 (P = 0.0000)
2
Inconsistency (I ) = 79.0 %
2
Tau = 0.6654

Liu 2014
Yao 2014
Kanesaka 2014
Tao 2013
Horiuchi 2013
Maki 2013
Miwa 2012
Tsuji 2012
Li 2012
Ezoe 2011
Nonaka 2011
Ezoe 2010
Kato 2010
Yao 2008

0.01

1
Negative LR

Positive LR (95%CI)
76.80 (18.91-311.97)
30.09 (13.30-68.04)
8.78 (1.36-56.57)
189.14 (60.78-588.60)
6.18 (3.28-11.61)
7.61 (3.04-19.06)
34.56 (8.77-136.26)
4.98 (2.84-8.74)
6.25 (3.86-10.14)
10.47 (5.05-21.68)
5.86 (2.37-14.49)
6.30 (2.11-18.78)
17.36 (9.34-32.29)
17.36 (2.58-116.76)

Negative LR (95%CI)
0.20 (0.07-0.56)
0.41 (0.24-0.70)
0.14 (0.06-0.32)
0.08 (0.02-0.32)
0.05 (0.00-0.81)
0.06 (0.02-0.17)
0.13 (0.06-0.26)
0.29 (0.19-0.45)
0.03 (0.01-0.13)
0.42 (0.25-0.73)
0.12 (0.05-0.25)
0.34 (0.19-0.59)
0.08 (0.01-0.50)
0.04 (0.01-0.26)

Random Effects Model
Pooled Negative LR = 0.16 (0.10-0.24)
Cochran-Q = 49.22; df = 13 (P = 0.0000)
2
Inconsistency (I ) = 73.6 %
100.0 Tau2 = 0.4486

Figure 4 Forest plot showing the positive likelihood ratio and negative likelihood ratio of magnifying endoscopy with narrow-band imaging for early
gastric cancer.

and subgroup analysis based on type of assessment
and country did not show remarkable significance
considering the values of sensitivity and specificity
(Table 3).
Deeks’ funnel plot did not display significant asym
metry (p = 0.967), indicating that no striking publication
bias was present in this study (Figure 6).

diagnostic tool for EGC, with a high sensitivity (86%),
specificity (96%) and diagnostic odds ratio (102.75),
which were higher than those of C-WLI (57%, 79%
and 3.46), indicating that ME-NBI had a better
diagnostic performance for EGC.
This meta-analysis also demonstrated that the
diagnostic performance of ME-NBI was influenced
by the type and size of gastric lesions, especially
the depressed type and in lesions less than 10 mm.
Since the depressed mucosa type is the predominant
morphology among gastric cancers, early detection
and diagnosis of depressed type cancer are an
effective way to decrease the mortality of gastric
[27-29]
cancer
. However, we observed that ME-NBI had
a relatively lower sensitivity of 64% for lesions of a

DISCUSSION
Nowadays, ME-NBI has been applied in the diagnostic
workup of gastrointestinal tumors, especially in the
[10]
differentiation of colonic lesions , while its diagnostic
accuracy for EGC is unclear. In this meta-analysis,
we demonstrated that ME-NBI is a highly specific
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Diagnostic OR (95%CI)
380.00 (57.87-2495.09)

Liu 2014
Yao 2014

73.71 (22.96-236.63)

Kanesaka 2014

64.80 (6.71-625.90)

Tao 2013

2258.67 (359.06-14208.20)

Horiuchi 2013

114.88 (6.14-2150.91)

Maki 2013

135.33 (28.34-646.24)

Miwa 2012

269.50 (53.77-1350.65)

Tsuji 2012

16.91 (7.19-39.77)

Li 2012

195.43 (42.90-890.20)

Ezoe 2011

0.01

24.67 (8.05-75.56)

Nonaka 2011

50.42 (12.96-196.11)

Ezoe 2010

18.67 (4.46-78.15)

Kato 2010

230.10 (27.31-1938.96)

Yao 2008

459.00 (26.89-7836.25)

Random Effects Model
Pooled Diagnostic OR = 102.75 (48.14-219.32)
Cochran-Q = 42.37; df = 13 (P = 0.0001)
2
Inconsistency (I ) = 69.3%
100.0 Tau2 = 1.3388

1
Diagnostic OR

Figure 5 Forest plot showing diagnostic odds ratios of magnifying endoscopy with narrow-band imaging for early gastric cancer.

Table 3 Subgroup analysis on diagnostic performance of magnifying endoscopy with narrow-band imaging for differentiating early
gastric cancer from non-cancer
I2

Number of studies
(lesions examined)

Sensitivity (95%CI)

Specificity (95%CI)

AUC
Sensitivity

Specificity

14 (2433)

0.86 (0.83-0.89)

0.96 (0.95-0.97)

0.9623

75.4%

86.9%

3 (605)
10 (1828)

0.64 (0.52-0.75)
0.90 (0.86-0.92)

0.96 (0.95-0.98)
0.96 (0.95-0.97)

0.7877
0.9694

0.0%
64.9%

74.1%
90.1%

7 (1613)
7 (820)

0.81 (0.76-0.85)
0.93 (0.89-0.96)

0.97 (0.96-0.98)
0.93 (0.91-0.95)

0.9407
0.9719

78.0%
36.6%

88.8%
80.5%

8 (777)
5 (1449)

0.90 (0.86-0.93)
0.74 (0.65-0.82)

0.88 (0.85-0.91)
0.98 (0.97-0.98)

0.9585
0.9458

71.2%
67.1%

44.7%
86.6%

8 (2035)
6 (398)

0.84 (0.79-0.88)
0.90 (0.85-0.93)

0.97 (0.96-0.97)
0.87 (0.81-0.92)

0.9663
0.9422

79.1%
67.3%

90.7%
0.0%

8 (1310)
6 (1123)

0.85 (0.81-0.90)
0.87 (0.82-0.91)

0.95 (0.94-0.96)
0.97 (0.95-0.98)

0.9617
0.9608

81.6%
65.5%

81.2%
91.6%

3 (1014)
11 (1419)

0.94 (0.88-0.97)
0.84 (0.80-0.88)

0.98 (0.97-0.99)
0.94 (0.92-0.95)

0.9864
0.9526

62.5%
74.6%

95.7%
71.2%

Overall
Type of lesion
Depressed
Not depressed
Diagnosis standard
Diagnosis (IMVP/IMSP + DL)
Diagnosis (others)
Lesion size
Diameter (> 10 mm)
Diameter (≤ 10 mm)
Sample size
≥ 100 patients
< 100 patients
Type of assessment
Real-time
Post-procedure
Country
China
Japan

I2 > 50% was considered significant for heterogeneity. AUC: Area under the curve.

depressed type than those of a non-depressed type
(90%), while the specificity was similar as 96% for
both of them. These results indicated that ME-NBI
was more reliable in identifying non-depressed EGC
lesions. Interestingly, the size of most depressed
lesions was less than 10 mm in enrolled studies and
thus the diagnostic performance for depressed type
lesions is representative of lesions with a diameter
less than 10 mm. As for the depressed type lesions
with a diameter over 10 mm, we failed to find relevant
studies and further research might be required in

WJG|www.wjgnet.com

the future. In addition, our results showed that the
diagnostic sensitivity was as low as 74% in gastric
lesions with a diameter less than 10 mm, but the
sensitivity for lesions with a diameter over 10 mm was
90%. Although the sensitivity was low in the lesions
with a diameter less than 10 mm, the specificity for
these lesions was as high as 98%, while for the lesions
with a diameter over 10 mm, the specificity was only
88%. Accordingly, depressed lesions and lesions with
a diameter less than 10 mm might limit the application
of ME-NBI in the diagnosis of EGC. When identifying
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was lower than that using other diagnostic criteria.
For the lesions of depressed type, the sensitivity
and specificity were 64% and 96% with the “VS
classification system” diagnostic criteria and there were
no other diagnostic criteria applied in these lesions in
our enrolled studies. In contrast, when the diagnostic
criteria of “VS” was used in non-depressed lesions,
it had a higher sensitivity of 86% and the specificity
was 98%. This indicates that the “VS classification
system” was limited in depressed EGC. However,
it has been reported that when only microvascular
irregularity was used as the diagnostic standard for
depressed gastric cancers, the mean sensitivity was as
[31]
high as 86.7% . These variable results suggest that
further research is still required to evaluate the “VS
classification system” in the differential diagnosis of
depressed gastric lesions. There were other diagnostic
standards in depressed gastric cancer but the results
were not entirely optimistic. It was reported that when
the triad of FMS disappearance, microvascular dilation
and heterogeneity was used as the diagnostic standard
for superficial depressed gastric cancer, the sensitivity
[30]
was only 69.1% . Thus, it is urgent to improve the
sensitivity of ME-NBI, especially for depressed gastric
lesions.
The variability of observers in the diagnostic
performance of ME-NBI has increasingly caught our
[32]
attention. Mochizuki et al
reported that among the
experts, the interobserver κ value was 0.85, with 88.0%
consensus of diagnoses in the differential diagnosis
of gastric adenoma and carcinoma, while with the
two inexperienced endoscopists, the interobserver κ
value was 0.44, with 68.0% consensus of diagnoses,
implying that the diagnostic performance of ME-NBI
might be improved through specific training. Kaise
[30]
et al
evaluated the interobserver concordance
among 11 endoscopists, concerning the triad of FMS
disappearance, microvascular dilation and heterogeneity,
and the κ values from 0.34 to 0.54 showed low-to[33]
modest reliability. Yoo et al discovered that the κ value
for interobserver agreement of experts and trainees
were similar as 0.49 and 0.40 when using the “VS
classification system” for the gastric mucosal surface. In
view of these inconsistent results, further studies are still
required to find how to improve diagnostic performance
of ME-NBI in a multiple-observer setting.
This meta-analysis has several limitations. First,
we could not make a clear distinction between expert
and non-expert. In some studies, an endoscopist
was regarded as an expert after a specific training
but in others, only those who have done a specific
number of ME-NBI had this honor. Second, the costeffectiveness of ME-NBI was not reported as well as
the comparison with that of histopathology. Recently,
[34]
Takeuchi et al
proposed that “a new resect and
discard strategy” with ME-NBI in colorectal cancer
screening might reduce the costs of histopathology.
Third, the heterogeneity of this study was relatively
high. We showed that the morphology type of lesions,

Log odds ratio vs 1/sqrt (ESS) (Deeks)

Diagnostic odds ratio

1000

100

10
Study
Regression line
1
0.08

0.10

0.12
0.14
1/root (ESS)

0.16

0.18

Figure 6 Deeks’ funnel plot for publication bias. ESS: Effective sample size.

depressed gastric lesions with a diameter less than 10
mm, it would be better to combine ME-NBI with other
examinations to improve the diagnosis of EGC.
Although ME-NBI was far from enough to identify
depressed type lesions, it was a better option than
[7]
C-WLI. Ezoe et al reported that ME-NBI was more
accurate than C-WLI in identifying small, depressed
gastric mucosal cancers, with a higher sensitivity
(70% vs 33%) and specificity (89% vs 67%). Kaise
[30]
et al
discovered that in the differential diagnosis
of superficial depressed gastric lesions, ME-NBI
showed a superior specificity (85%) than C-WLI
(65%), but the sensitivities for both of them were
comparably moderate. In our meta-analysis, two
[3,7]
studies
reported the role of C-WLI in the diagnosis
of depressed type EGC, with a sensitivity of 30% and
a specificity of 68%, both of which were lower than
those of ME-NBI (sensitivity: 64%; specificity: 96%).
Our study also demonstrated a higher diagnostic
performance of ME-NBI than C-WLI in depressed EGC
diagnosis.
Several diagnostic criteria have been developed to
guide endoscopists in optical diagnosis EGC by ME-NBI.
[9]
Yao et al firstly proposed a simple classification
system called the “VS (vessel plus surface) classification
system”, in which an irregular microsurface pattern
and/or an irregular microvascular pattern with a
demarcation line are significant markers of EGC. This
diagnostic reference has been used in several studies
with variable diagnostic performance. This author also
demonstrated that in cases of gastric neoplasia of 0Ⅱa type, a white opaque substance (WOS) obscured
the subepithelial capillaries of the lesion and 83% of
[26]
EGC showed an irregular distribution . In another
[8]
study, Kato et al used a triad-based diagnosis of
disappearance of fine mucosal structure, microvascular
dilation and heterogeneity to identify superficial
gastric lesions. In our study, when the “VS (vessel
plus surface) classification system” was applied as
the diagnostic criteria, the sensitivity was 81%, which
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diagnostic standard, lesion size and sample size were
the possible sources. In addition, the inequality of
expertise, the absence of a validated training, different
disease spectrum and pathological type might reduce
the generalizability of the overall performance and
increase the heterogeneity of this study. Fourth, all the
selected articles were conducted in China and Japan
so the overall performance of ME-NBI for early gastric
cancer may not represent other populations. Finally,
only articles written in English were selected.
In conclusion, ME-NBI is a reliable technique for
EGC diagnosis and has a better diagnostic performance
than C-WLI. Further research should be focused on
establishing a standard classification system and
specific training of ME-NBI to reduce various biases
and improve its diagnostic accuracy.
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Abstract
AIM: To investigate the association between thro
mbocytopenia and relapse after treatment for hepato
cellular carcinoma (HCC).
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METHODS: We searched the PubMed, EMBASE, and
Web of Science databases to obtain eligible studies.
The hazard ratios (HRs) values and 95% confidence
intervals (CIs) were pooled by random effects model.
Subsequently, we estimated the heterogeneity, performed
a sensitivity analysis, determined the publication bias,
and performed subgroup and meta-regression analyses.
Study quality was assessed by using the Oxford Center for
Evidence Based Medicine tool.
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RESULTS: We identified 18 eligible studies by re
trieval (published during 2000-2014). Out of the 4163
patients with HCC who were recruited, 2746 (66.0%)
experienced recurrence. In general, our meta-analysis
suggested that low platelet count (PLT) before therapy
significantly increased the probability of postoperative
recurrence (HR = 1.53, 95%CI: 1.29-1.81). PLT was
also valuable in the prediction of intrahepatic distant
recurrence (HR = 1.49, 95%CI: 1.25-1.77). Subgroup
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[3]

is unsatisfactory . Many factors are related to the
[4,5]
prognosis of HCC
. Among these factors, high
probability of postoperative recurrence is the greatest
issue that affects the potential curative treatments for
[5]
HCC .
Platelet function in thrombosis, the inflammatory
response, and liver regeneration via the release of
several inflammatory mediators such as serotonin,
platelet derived growth factor (PDGF), and transforming
[6,7]
growth factor (TGF)-β . Abnormalities in platelets,
either quantitative or functional, would result in a
series of pathological changes and would subsequently
lead to some disorders. Platelet count (PLT) and/or
several platelet-based noninvasive models have been
validated as valuable indices for the detection of liver
[8-10]
cirrhosis
; a disorder that is strongly associated
with the incidence and outcome of HCC. Moreover,
thrombocytopenia has been proposed as a useful tool
[11,12]
to identify carcinogenesis in basic liver diseases
,
as well as to predict postoperative morbidity and
[13]
mortality of patients with HCC . Furthermore, our
previous study and other reports have suggested
that thrombocytopenia is related to poor survival of
[14-16]
patients with liver cancer
.
However, whether or not preoperative throm
bocytopenia might increase the risk of relapse in
patients with HCC is unclear and controversial. Some
studies found that thrombocytopenia was significantly
associated with HCC recurrence, whereas others
failed to show a significant association between
thrombocytopenia and HCC recurrence. However, we
previously suggested that a higher preoperative PLT
[16]
might lead to a higher postoperative recurrence rate .
Here, we further summarize all of the relative articles in
order to clarify this issue.

and meta-regression analyses identified various the
rapeutic modalities as the source of a high degree
of heterogeneity. The pooled HR values showed no
obvious change when a single study was removed,
but otherwise, an opposite-effects model was used. In
addition, no significant publication bias was detected.
CONCLUSION: Thrombocytopenia before treatment
might be an inexpensive and useful predictor of
postoperative recurrence in patients with HCC.
Key words: Hepatocellular carcinoma; Blood platelets;
Thrombocytopenia; Recurrence; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The probability of high postoperative recurrence
is the greatest problem that affects the potential curative
treatment of patients with hepatocellular carcinoma
(HCC). No factors have been widely considered as useful
predictors for postoperative recurrence in HCC. We
analyzed 18 relevant studies to determine the significance
of platelet count. We included 4163 patients with
HCC and found that thrombocytopenia before therapy
significantly increased the probability of postoperative
recurrence as well as intrahepatic distant recurrence.
We emphasize that thrombocytopenia is an inexpensive,
helpful predictor of postoperative recurrence in patients
with HCC.
Pang Q, Qu K, Bi JB, Liu SS, Zhang JY, Song SD, Lin T, Xu XS,
Wan Y, Tai MH, Liu HC, Dong YF, Liu C. Thrombocytopenia for
prediction of hepatocellular carcinoma recurrence: Systematic
review and meta-analysis. World J Gastroenterol 2015;
21(25): 7895-7906 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7895.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7895

MATERIALS AND METHODS
Search strategy and selection criteria

A systematic search in the PubMed, EMBASE, and ISI
Web of Science databases for studies published until
31 August 2014 was performed by two independent
investigators (Pang Q and Zhang JY). Our core search
consisted of the terms (PLT or platelet or platelets or
thrombopenia or thrombocytopenia or thrombocytosis)
and (recurrence or relapse) and (hepatocellular
carcinoma or HCC or liver cancer or hepatic carcinoma
or hepatic cancer). In addition, we manually retrieved
the reference lists of relevant reviews and included
those studies as well.
We included studies that met the following pre
determined criteria: (1) published as an original article;
(2) HCC was determined by pathology/imaging;
(3) studied the relationship between PLT and HCC
recurrence and reported the hazard ratios (HRs) and
95% confidence intervals (CIs), or provided sufficient
data to calculate them; (4) PLT was expressed as a
binary variable (with a lower or a higher category as a
reference); and (5) recruited no fewer than 20 patients.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common ma
lignancy with an increasing incidence worldwide.
Chronic infections with several types of hepatitis
viruses, especially hepatitis B virus (HBV) and hepatitis
C virus (HCV), are well-recognized risk factors for
[1]
HCC . Between these two, HBV infection is a major
etiological factor, and thus, the majority of patients
with HCC reside in developing countries where HBV is
[2]
prevalent .
With the advancement in techniques, substan
tial progress has been made in the diagnosis and
treatment of HCC over the past few decades. Cur
rent therapies primarily consist of liver resection,
transplantation, radiofrequency ablation (RFA), and
transcatheter arterial embolization (TACE). However,
despite these treatments, the overall 5-year survival
rate is 5%-6%, and therefore, the prognosis of HCC
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964 records after duplicates removed
615 were excluded by titles
349 eligible for further assessment
282 were excluded by abstracts

67 full-text articles assessed for eligibility
49 excluded:
43 studied survival but not relapse
4 with no platelet categories
2 with reduplicative population
18 studies by retrieval were included

Figure 1 Flow chart of the search strategy and study selection.

was considered to be statistically significant if P was
2
< 0.10 for Q statistic, or I was > 50%; otherwise,
no significant heterogeneity was observed. We
calculated the pooled HR value for recurrence (or
distant recurrence) by random-effects model. If high
heterogeneity was found, we explored the potential
source of heterogeneity by performing a subgroup
analysis and meta-regression. Subsequently, we
performed an influence analysis to evaluate whether
any single study could markedly affect the result.
Moreover, we compared the HR values that were
pooled by a fixed-effect model and that were summed
by a random-effects model. Eventually, publication
bias was examined by funnel plots with Begg’s and
Egger’s tests. The statistical methods of this study
were reviewed by Dr. Kai Qu from the Department of
Epidemiology, MD Anderson Cancer Center, University
of Texas, and Prof. Ya-Feng Dong from the University
of Kansas School of Medicine, United States.
We used STATA 12.0 software to analyze the data.
A bilateral P value < 0.05 was indicated a significant
difference.

The exclusion criteria were: (1) studies of secondary
liver cancer or other liver diseases; (2) HCC was
assessed by serum markers; (3) studies of the effect
of PLT on survival but not on recurrence; (4) studies
that only provided the P value or other conditions that
could not be used to calculate HR and 95%CI values;
(5) PLT was expressed as a continuous variable; and
(6) conference abstracts or letters. If two or more
publications recruited identical populations, we only
included the one with the largest number of cases or
the one with the most adjusted HR values.

Data abstraction

Based on the above selection criteria, two researchers
(Pang Q and Qu K) independently evaluated the
retrieved studies. The κ statistic was calculated to
assess the variability between the observers, and all
discrepancies were resolved by discussion. For each
included study, we abstracted the following data with
a standardized data-collection protocol: first author,
publication year, country where the study population
lived, gender distribution, method of treatment, total
cases, recurrent cases, duration of follow-up, cut-off
value of PLT, and adjusted (prior use) or crude HR value
and 95%CI. The quality of each study was appraised
using the Oxford Center for Evidence-based Medicine
[17]
appraisal approach . We followed the MOOSE (Metaanalysis of Observational Studies in Epidemiology)
[18]
guidelines
for the reporting of this meta-analysis. All
data were verified by one author (Pang Q).

RESULTS
The flow chart that details our literature search and
selection process is shown in Figure 1. Of the total
964 citations, we finally included 18 studies. There
was good agreement between the two observers on
which studies to include (κ: 0.940). No additional
studies were found within the references of reviews
and included studies. All 18 studies were published in
English.

Statistical analysis

If a study considered a lower PLT as a reference, we
converted its HR value to an estimated value with a
higher category as a reference (which reflected the
influence of a low PLT on recurrence). We assessed the
heterogeneity among the studies with the Q value and
2
the I statistic value (25%, 50%, and 75% correspond
to the cut-off points for low, moderate, and high
degrees of heterogeneity, respectively). Heterogeneity

WJG|www.wjgnet.com

Characteristics of the included studies

The baseline values of the included studies in this
meta-analysis are summarized in Table 1. Our metaanalysis consisted of 4163 patients, of which 2784
(66.9%) were men. During the mean or median
follow-up period, which ranged from 12 to 151.2
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Table 1 Baseline characteristics of the studies included in the meta-analysis
Ref.

Year

Country

Cutoff
9
(10 /L)

Therapy

Saito et al[32]
Kaibori et al[19]
Shiina et al[24]
Nishikawa et al[25]
Kao et al[26]
Miyatake et al[33]
Ikeda et al[20]
Amano et al[21]
Ishikawa et al[31]
Hagihara et al[34]
Nonaka et al[22]
Kang et al[23]
Fuke et al[28]
Nouso et al[27]
Jeong et al[35]
Tateishi et al[29]
Yamanaka et al[30]
Ikeda et al[36]

2014
2013
2012
2012
2012
2012
2011
2011
2011
2011
2010
2009
2008
2008
2007
2006
2005
2000

Japan
Japan
Japan
Japan
TaiWan
Japan
Japan
Japan
Japan
Japan
Japan
Korea
Japan
Japan
Japan
Japan
Japan
Japan

100
150
100
100
100
100
150
100
100
100
100
100
100
100
100
100
100
100

PH + RFA
PH
RFA
RFA
RFA
PH + PTA
RFA
PH
TACE
PH + PTA
PH
PH
RFA
RFA
PH + medical
RFA
RFA
PH + RFA

Adjusted HR Recurrence type
No
Yes
Yes
Yes
Yes
Yes
No
No
Yes
No
No
No
Yes
No
Yes
No
Yes
No

Overall
Overall
Distant
Distant
Overall
Overall
Overall
Overall
Distant
Overall
Overall
Overall
Distant
Overall + distant
Overall
Overall
Distant
Overall

Men
38
60
751
114
162
260
68
127
47
124
42
125
80
415
65
276
17
13

Women Recurrence
13
14
419
68
96
135
39
24
31
58
22
42
37
206
19
140
9
7

39
14
740
86
163
277
55
107
46
81
32
78
90
589
50
277
14
8

Follow-up
time (mo)

LoE

39.9-46.6
151.2
38.2
36.4
28.5
42-46
12
49.2
36.6
44.4
12
38
29.1
34.7
32
NR
18
25

4
2a
2b
2b
2b
2b
4
4
1b
4
4
4
2b
4
2b
4
2b
4

LoE: Level of evidence; NR: Not reported; PH: Partial hepatectomy.

mo, 2746 (66.0%) patients experienced recurrence.
Sixteen studies adopted a cut-off value of 100 ×
9
[19,20]
10 /L for PLT while the remaining two
considered
9
150 × 10 /L as the cut-off point. There was one
individual inception cohort study with > 80% followup and this was assessed as level 1b using the Oxford
Center for Evidence-based Medicine tool. Others were
retrospective cohort studies and were identified as
either level 2a/2b or 4. All studies were performed
in Asia, and the effect of PLT on intrahepatic distant
recurrence was estimated in six of them.

explored the impact of PLT on patients who received
partial hepatectomy. Overall, 231 of the 470 (49.1%)
patients who underwent resection experienced
[19,21-23]
recurrence. By pooling the four eligible studies
,
we demonstrated a significant association between the
preoperative PLT level and postoperative recurrence
(HR = 4.46, 95%CI: 1.57-12.65), with a high degree
of heterogeneity (Figure 3A).
[20,24-30]
Eight studies
recruited patients with HCC
who underwent RFA. Of these included patients, 2014
of the 2897 (69.5%, about 1.42 times the number
of patients who underwent resection) experienced
recurrence during follow-up. Figure 3B indicates
that PLT is still a useful indicator for the prediction of
recurrence in patients who received RFA. There was no
significant heterogeneity and the pooled HR value was
1.43 (95%CI: 1.24-1.65).

Pooled HR values for all of the studies

After calculation of the summed effects, we demon
strated that low PLT before treatment significantly
increased the risk of HCC recurrence (HR = 1.53,
95%CI: 1.29-1.81). The forest plot is shown in Figure
2. We observed a moderate degree of heterogeneity
2
between studies (I = 50.8%, P = 0.007).

Effect of PLT on distant recurrence

Recurrence is divided into local and intrahepatic distant
[27]
recurrence. Only one study
in our meta-analysis
estimated the association between thrombocytopenia
[24,25,27,28,30,31]
and local recurrence. In contrast, six studies
,
which consisted of 2193 patients (1541 had a relapse),
reported the effect of PLT on distant recurrence. A cutoff
9
point of 100 × 10 /L for PLT was used in all six studies.
This meta-analysis showed that thrombocytopenia was
also a significant indictor for the prediction of distant
recurrence (HR = 1.49, 95%CI: 1.25-1.77) (Figure 3C).
2
Little heterogeneity (I = 15.8%, P = 0.312) was found
among these studies.

Impact of thrombocytopenia on recurrence

Subsequently, we summed the 17 studies, which used
9
a cutoff value of × 100 10 /L for PLT and consisted
of 4035 patients, in order to investigate the influence
of thrombocytopenia on recurrence after treatment.
Thrombocytopenia was found to be a useful tool
for the prediction of recurrence in HCC (HR = 1.42,
95%CI: 1.27-1.60) (Table 2).

Pooled HR value for patients who underwent liver
resection, RFA

Different treatment modalities, which are given
according to the tumor characteristics and stage, may
influence the survival and risk of recurrence. Among
these therapies, surgical resection is the primary
curative treatment modality for HCC. Subsequently, we

WJG|www.wjgnet.com

Effect of PLT on recurrence of HCV-related HCC

Etiology is another major factor that is associated with
the prognosis of HCC. Most of our included studies
calculated the HR value without a distinction among
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Authors (years)

Total

Recurrent

No.

No.

HR (95%CI)

%weight

Ikeda (2000)

20

8

2.00 (0.32, 12.51)

0.79

Yamanaka (2005)

26

14

2.43 (0.45, 13.22)

0.92

Tateishi (2006)

416

277

1.53 (1.04, 2.26)

8.23

Jeong (2007)

84

50

1.44 (0.93, 2.23)

7.35

Fuke (2008)

117

90

2.00 (0.94, 4.25)

3.72

Nouso (2008)

621

589

1.21 (0.99, 1.47)

12.25

Kang (2009)

167

78

2.46 (1.15, 5.28)

3.64

Nonaka (2010)

64

32

1.87 (0.62, 5.68)

1.98

Ikeda (2011)

107

55

1.25 (0.65, 2.42)

4.50

Amano (2011)

151

107

4.08 (1.35, 12.37)

1.98

Ishikawa (2011)

78

46

1.37 (0.56, 3.32)

2.87

Hagihara (2011)

182

81

1.26 (0.85, 1.86)

8.23

Shiina (2012)

1170

716

1.36 (1.12, 1.65)

12.40

Nishikawa (2013)

182

86

2.28 (1.47, 3.54)

7.34

Kao (2012)

258

163

1.50 (0.98, 2.31)

7.47

Miyatake (2012)

395

277

1.34 (1.03, 1.74)

10.90

Kaibori (2013)

74

14

Saito (2014)

51

39

37.48 (7.80, 180.18)

2

Overall (I = 50.8%, P = 0.007)

1.06

0.80 (0.41, 1.57)

4.36

1.53 (1.29, 1.81)

100.00

Note: weights are from random effects analysis

0.3

1

2

13.3

Figure 2 Effect of platelet count on hepatocellular carcinoma recurrence.

shown in Table 3. We suggested that the treatment
method might affect the pooled effect size (P < 0.05
in subgroup and meta-regression analysis). All of the
subgroups showed a significant association between
PLT and recurrence except the one subgroup whose
studies recruited patients who received palliative
[31,35]
therapies
(TACE or medical therapy, HR =
1.43, 95%CI: 0.96-2.11). For all five covariates, no
significant between-group differences (all P > 0.05)
were found when a multivariable meta-regression was
performed.

Table 2 Effects of platelet count in different studies using
the two effects model
Random-effects model
All studies
Thrombocytopenia
Liver resection
RFA
Distant recurrence
HCV-HCC

Fixed-effect model

HR (95%CI)

HR (95%CI)

1.53 (1.29-1.81)
1.42 (1.27-1.60)
4.46 (1.57-12.65)
1.43 (1.24-1.65)
1.49 (1.25-1.77)
1.33 (1.12-1.60)

1.41 (1.28-1.55)
1.39 (1.26-1.54)
3.48 (2.07-5.83)
1.39 (1.24-1.56)
1.45 (1.26-1.67)
1.33 (1.12-1.60)

RFA: Radiofrequency ablation; HCV: Hepatitis C virus; HCC: Hepatocellular
carcinoma.

Sensitivity analysis and determination of publication
bias

[28,30,32-36]

the various etiologies. Seven studies
only
recruited patients with HCV-related HCC. Similarly,
thrombocytopenia also had significant potential in the
prediction of relapse in these patients (HR = 1.33,
95%CI: 1.12-1.60), and no significant between-study
2
heterogeneity was observed (I = 0%, P = 0.651)
(Figure 3D).

Furthermore, a sensitivity analysis was conducted
to validate the certainty of our findings. When the
opposite-effects model was used, the results did not
significantly change (Table 2). Then, we performed
an influence analysis and found that no single study
affected the summary estimation (Figure 4).
Eventually, we constructed a funnel plot to detect
the existence of publication bias, and the figure
reflects the basic symmetry (Figure 5). Indeed, no
significant evidence of publication bias was found (P
values were 0.11 and 0.36 in Begg’s test and Egger’s
test, respectively).

Exploration of heterogeneity

To explore the source of heterogeneity, we performed
subgroup and meta-regression analyses. We analyzed
the covariates that might be responsible for the
potential heterogeneity. We had at least two studies in
each subgroup and included treatment method; followup time (≥ 3 or < 3 years); whether adjustment for
confounding factors was performed; type of recurrence
(overall or distant recurrence); and the number of
recruited patients. The results of our exploration are

WJG|www.wjgnet.com

DISCUSSION
A high risk of recurrence is considered one of the
greatest concerns with regard to the treatment of
[5]
patients with HCC . The postoperative recurrence rate
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A

Study ID

HR (95%CI)

%weight

Kang (2009)

2.46 (1.15, 5.28)

29.78

Nonaka (2010)

1.87 (0.62, 5.68)

25.27

Amano (2011)

4.08 (1.35, 12.37)

25.29

Kaibori (2013)

37.48 (7.80, 180.18)

19.66

4.46 (1.57, 12.65)

100.00

HR (95%CI)

%weight

Yamanaka (2005)

2.43 (0.45, 13.22)

0.71

Tateishi (2006)

1.53 (1.04, 2.26)

11.37

Fuke (2008)

2.00 (0.94, 4.25)

3.45

Nouso (2008)

1.21 (0.99, 1.47)

30.02

Ikeda (2011)

1.25 (0.65, 2.42)

4.43

Shiina (2012)

1.36 (1.12, 1.65)

31.26

Nishikawa (2012)

2.28 (1.47, 3.54)

9.24

Kao (2012)

1.50 (0.98, 2.31)

9.54

1.43 (1.24, 1.65)

100.00

HR (95%CI)

%weight

Yamanaka (2005)

2.43 (0.45, 13.22)

1.04

Fuke (2008)

2.00 (0.94, 4.25)

5.05

Nouso (2008)

1.34 (1.04, 1.73)

31.31

Ishikawa (2011)

1.37 (0.56, 3.32)

3.68

Shiina (2012)

1.36 (1.12, 1.65)

45.39

Nishikawa (2012)

2.28 (1.47, 3.54)

13.52

1.49 (1.25, 1.77)

100.00

2

Overall (I = 72.4%, P = 0.012)

Note: weights are from random effects analysis

0.00555

1

180

Liver resection

B

Study ID

2

Overall (I = 18.6%, P = 0.283)

Note: weights are from random effects analysis
0.0756

1

13.2

RFA

C

Study ID

2

Overall (I = 15.8%, P = 0.312)

Note: weights are from random effects analysis

0.0756

1

13.2

Distant recurrence
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D

Study ID

HR (95%CI)

%weight

Ikeda (2000)

2.00 (0.32, 12.51)

0.95

Yamanaka (2005)

2.43 (0.45, 13.22)

1.11

Jeong (2007)

1.44 (0.93, 2.23)

16.68

Fuke (2008)

2.00 (0.94, 4.25)

5.66

Hagihara (2011)

1.26 (0.85, 1.86)

21.20

Miyatake (2012)

1.34 (1.03, 1.74)

47.35

Saito (2014)

0.80 (0.41, 1.57)

7.05

1.33 (1.12, 1.60)

100.00

2

Overall (I = 0.0%, P = 0.651)

Note: weights are from random effects analysis
0.0756

1

13.2

HCV

Figure 3 Effect of platelet count on hepatocellular carcinoma recurrence in patients who underwent liver resection (A) and RFA (B), on distant recurrence
(C), and on recurrence in patients with hepatitis C virus-related hepatocellular carcinoma (D).

Table 3 Subgroup and meta-regression analyses
Covariates

Subgroup

No.

HR (95% CI)

Heterogeneity

P
Treatment

Follow-up
(mo)
Confounder
Recurrence type
Recruited
No.

Resection
RFA
Resection+RFA
Others
≥ 36
< 36
Adjusted
Unadjusted
Overall
Distant
≥ 150
< 150

4
8
4
2
9
9
9
9
13
5
9
9

4.46 (1.57-12.65)
1.43 (1.24-1.65)
1.26 (1.03-1.55)
1.43 (0.96-2.11)
1.71 (1.25-2.35)
1.35 (1.17-2.56)
1.70 (1.30-2.22)
1.37 (1.12-1.68)
1.51 (1.21-1.87)
1.64 (1.25-2.14)
1.49 (1.26-1.69)
1.78 (1.10-2.88)

a

0.012
0.283
0.532
0.916
0.000
0.859
0.004
0.225
0.005
0.247
0.103
0.007

I

2

72.4
18.6
0
0
73.4
0
64.1
24.6
57.6
26.1
39.7
61.8

Meta-regression

P

b

Crude P

Adjusted P

0.005

0.048

0.212

0.454

0.596

0.989

0.198

0.345

0.863

0.351

0.720

0.999

0.600

0.443

0.944

a

P value for Q statistic of between-study heterogeneity in each subgroup; bP value for Q statistic of heterogeneity between the subgroups.

[19]

[27,28]

was reported to range from 50% to 100% . To obtain
a satisfactory prognosis in cases of HCC, it is crucial to
determine the predisposing factors for recurrence and
improve these factors before treatment. Platelets are
associated with the prognosis of various solid tumors,
[37]
including HCC . However, the significance of platelets
in the risk of recurrence of HCC remains unknown. This
is the first time that an estimation by a quantitative
summary of all relative studies has been performed.
Our meta-analysis showed that patients with a low PLT
before treatment had a significantly increased risk of
postoperative relapse. In general, thrombocytopenia
could increase the risk of recurrence by 53%. Speci
fically, thrombocytopenia was demonstrated to be a
useful tool for the prediction of recurrence, no matter
whether hepatic resection or RFA was performed for
HCC.
Recurrence comprises both local and intrahepatic
distant recurrence. The factors that influence the two

WJG|www.wjgnet.com

types of recurrence are different
. It is essential to
identify the risk factors separately for the two types
in order to prevent recurrence. However, few studies
have differentiated local from intrahepatic distant
recurrence. Only one study exclusively reported the
local recurrence, and six studies exclusively estimated
the distant recurrence in our meta-analysis. By pooling
the latter studies, we found that thrombocytopenia was
also significantly associated with distant recurrence.
Our results are important in that they provide
crucial guidance for the estimation of the prognosis
of patients with HCC. No significant difference was
found between our use of the random-effects and
fixed-effect models. The pooled HR values were not
markedly affected by a single study, which indicated
the robustness of our results. By subgroup and metaregression analyses, we demonstrated that the
various treatment modalities might be a source of
heterogeneity.
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Meta-analysis estimates, given named study is omitted
Lower CI limit

Estimate

Upper CI limit

Saito (2014)
Kaibori (2013)
Shiina (2012)
Nishikawa (2012)
Kao (2012)
Miyatake (2012)
Ikeda (2011)
Amano (2011)
Ishikawa (2011)
Hagihara (2011)
Nonaka (2010)
Kang (2009)
Fuke (2008)
Nouso (2008)
Jeong (2007)
Tateishi (2006)
Yamanaka (2005)
Ikeda (2000)
1.25 1.29

1.53

1.81

1.92

Figure 4 Influence analysis of our included studies.

This study did have some limitations. First, gender,
age, Child-Pugh grade, and several other parameters
that are important prognostic factors for HCC were not
adjusted in this meta-analysis and several included
studies were level 4. Whether or not the significance
of PLT is independent of these confounders remains
unknown. However, after pooling the adjusted HR
values (Table 3), we suggest that platelets might be
independently associated with postoperative relapse.
Second, pathological examination is universally
viewed as the gold standard for the diagnosis of HCC.
However, to obtain more data, we did not exclude
the studies that assessed HCC by imaging. Third,
thrombocytopenia is strongly associated with the
progression of liver cirrhosis and is considered an
[38]
independent risk factor for multicentric HCC . In
other words, thrombocytopenia is only a surrogate
marker or a confounding factor of multicentric
carcinogenesis associated with liver cirrhosis. It is
therefore necessary to evaluate the relationship
between thrombocytopenia and recurrence of HCC
in the cases with a corresponding amount of liver
cirrhosis. However, because all the retrieved studies
failed to stratify the patients with HCC according to
the presence or degree of liver cirrhosis, we could not
explain whether thrombocytopenia is independent of
liver cirrhosis. Nevertheless, based on our previous
report, in patients with HCC without cirrhosis, but not
in those with cirrhosis, PLT was significantly associated
[16]
with recurrence . In another study, a lower PLT was
also associated with a significantly worse prognosis in
[4]
patients with HCC and cirrhosis .
Due to portal hypertension, a decrease in throm
bopoietin (TPO) production in the liver, and the capture
[6]
of platelets by the liver , PLT tends to decrease in

WJG|www.wjgnet.com

various liver diseases. Numerous studies have shown
that thrombocytopenia is a major risk factor for the
degree of cirrhosis, development of cirrhosis, as
well as for carcinogenesis in patients with chronic
[8,39,40]
hepatitis
. However, the exact mechanism of
the effects of PLT in the prognosis of HCC is still
unclear. Several clinical studies have demonstrated
that thrombocytopenia could increase postoperative
complications and morbidity, and could lead to the
[41-43]
deterioration of liver function
. With the analysis
of 202 patients with HCV-related HCC who underwent
[38]
hepatectomy, Kubo et al
emphasized that PLT was
the only independent predictor for multicentric HCC;
in addition, PLT was significantly associated with the
severity of active hepatitis and hepatic fibrosis (both P
< 0.05). A previous study also indicated that PLT was a
[44]
useful predictor of portal vein invasion . Additionally,
a decreased PLT level was found to be significantly
[12,45,46]
associated with an elevated α-fetoprotein level
.
Furthermore, patients with a lower preoperative PLT
showed a significantly higher probability of cirrhosis, a
higher level of bilirubin, a greater amount of bleeding,
and a high level of indocyanine green retention at 15
[23]
min . The above-mentioned factors were all related
[27,29]
to recurrence in HCC
, and thus, these findings may
help hepatologists explore the exact mechanism. By
[47]
both in vitro and in vivo studies, Nozaki et al proved
that TPO could promote liver regeneration and improve
cirrhosis via an increase in platelets. PDGF, which is
mainly stored in platelets, is associated with tumor
[48]
progression and prognosis in HCC . These findings
support the relationships between PLT and HCC
recurrence. In addition to its influence on recurrence,
our previous research and several other studies also
showed that thrombocytopenia could result in poor
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A

Begg's funnel plot with pseudo 95%CIs
4

logHR

2

0

-2
0

0.5

1

SE of: logHR

B

Egger's publication bias plot
6

Standardized effect

4

2

0

-2
0

5

10

Precision

Figure 5 Begg’s (A) and Egger’s (B) plots of our included studies.
[4,15,34]

survival in patients with HCC
. However, data on
the relationship between PLT and tumor stage or other
crucial prognostic factors for HCC are lacking.
Additionally, thrombocytosis was found to be
[49]
associated with the incidence of HCC as well
and
could lead to an increase in the risk of death from
[37]
[50]
HCC
and other cancers . A positive correlation
has been suggested between serum PLT and tumor
[49,51]
size
. In in vitro studies, platelets are a stimulating
factor for the growth and invasion of several HCC cell
[52]
lines , which further indicates the adverse effects of
excessive platelets.

WJG|www.wjgnet.com

Therefore, it is believed that a huge gap in the
9
cut-off values of PLT (such as 400 × 10 /L vs 100 ×
9
10 /L) may show opposite effects in the prognosis of
HCC. Although thrombocytopenia and thrombocytosis
are not contraindications for resection in patients
[4]
with HCC , it is still recommended to normalize
the serum platelet level by prophylactic platelet
transfusions or by taking agents before treatment. On
the contrary, although sorafenib, interferon, or other
chemotherapeutic/anticancer drugs might be effective
in the delay and/or management of postoperative
recurrence, they could lead to many complications
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[32,33,53,54]

such as thrombocytopenia
. Therefore, for
patients who are taking these drugs, a regular as
sessment of the platelet level in order to maintain
the level within a normal range, is pivotal to obtain a
favorable outcome.
In conclusion, our meta-analysis suggested that thro
mbocytopenia was a valuable, inexpensive predictor for
recurrence in patients with HCC. Further experimental
and clinical studies are needed to validate the results
and to clarify the exact mechanism.
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incidence worldwide. No matter which treatments are given, the prognosis of
HCC is poor. Many factors are related to the prognosis of HCC. Among these
factors, a high postoperative recurrence rate is the greatest problem that
influences potential curative treatments for HCC. It is crucial to seek several
key risk factors that influence postoperative recurrence in HCC.
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However, whether or not a preoperative low platelet count could increase
the risk of recurrence in patients with HCC remains uncertain. The authors
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recurrence, in patients with HCC, no matter what treatments were given.
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Through a validation of this novel prognostic predictive parameter, this study
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regeneration via the release of several inflammatory mediators such as
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platelet count is < 100 × 109/L.
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Abstract
Splenic arteriovenous fistulas (SAVFs) with splenic
vein aneurysms are extremely rare entities. There
have been no prior reports of SAVFs developing after
laparoscopic pancreatectomy. Here, we report the first
case. A 40-year-old man underwent a laparoscopic,
spleen-preserving, distal pancreatectomy for an
endocrine neoplasm of the pancreatic tail. Three months
after surgery, a computed tomography (CT) scan
demonstrated an SAVF with a dilated splenic vein. The
SAVF, together with the splenic vein aneurysm, was
successfully treated using percutaneous transarterial coil
embolization of the splenic artery, including the SAVF
and drainage vein. After the endovascular treatment, the
patient’s recovery was uneventful. He was discharged
on postoperative day 6 and continues to be well 3 mo
after discharge. An abdominal CT scan performed at
his 3-mo follow-up demonstrated complete thrombosis
of the splenic vein aneurysm, which had decreased
to a 40 mm diameter. This is the first reported case
of SAVF following a laparoscopic pancreatectomy and
demonstrates the usefulness of endovascular treatment
for this type of complication.
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Core tip: This is the first reported case of a splenic
arteriovenous fistula occurring after laparoscopic
pancreatectomy and demonstrates the usefulness of
endovascular treatment for these fistulas, especially
when are associated with splenic venous aneurysms.

56.2 mm

64.3 mm
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post-laparoscopic pancreatectomy splenic arteriovenous fistula
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Figure 1 Abdominal computed tomography images demonstrating a
splenic vein aneurysm approximately 56 mm × 64 mm in size.

the collateral vessels that had developed; the splenic
vein main trunk was occluded on the portal vein side
(Figure 2B). The flow to the fistula was controlled with
a 5-F balloon catheter (Terumo, Tokyo, Japan) placed
in the splenic artery. A micro-catheter was advanced
to the drainage vein through the aneurysm, and the
drainage vein was embolized using 7 detachable coils
(Boston Scientific, Tokyo, Japan) (Figure 2C and D).
Embolization of the splenic artery, including the SAVF,
was then performed successfully using 8 detachable
coils (Figure 2E and F).
After the endovascular treatment, the patient had
a slight fever on postoperative day 4, and he received
antibiotic medication for 3 d. He was discharged on
postoperative day 6 and continues to be well 3 mo
after discharge. An abdominal CT scan performed at
his 3-mo follow-up demonstrated complete thrombosis
of the splenic vein aneurysm, which had decreased
to a diameter of 40 mm. There was a small splenic
infarction on the CT scan 4 d after endovascular
treatment; however, the infarction had almost dis
appeared by 3 mo after endovascular treatment.

INTRODUCTION
Splenic arteriovenous fistulas (SAVFs) with splenic vein
[1,2]
aneurysms are extremely rare
and may be either
congenital or acquired. The majority of SAVFs occur
[2]
after the rupture of a splenic artery aneurysm . Other
less common causes include splenectomies, gunshot
injuries, congenital development, mycotic infections,
[2]
and splenoportography . However, to our knowledge,
there have been no reports of SAVFs occurring after
laparoscopic pancreatectomy. We report the first
case of SAVF, which was successfully treated using
percutaneous, transarterial embolization of the splenic
artery, including the SAVF and drainage vein.

CASE REPORT
A 40-year-old man underwent a laparoscopic, spleenpreserving, distal pancreatectomy for an endocrine
neoplasm of the pancreatic tail. The surgery was
performed uneventfully, and there were no compli
cations such as bleeding, pancreatic leakage or
infections during the hospitalization. The patient was
discharged on postoperative day 7. Three months
after surgery, a computed tomography (CT) scan
demonstrated an SAVF with a dilated splenic vein
measuring 56 mm × 64 mm (Figure 1). The patient’
s medical history included diabetes mellitus but no
history of splenic artery aneurysm, splenectomy, or
trauma. He was asymptomatic, and his blood test
results were normal. Because of the rapid enlargement
of the splenic vein aneurysm, after consultation with
a surgeon, we decided to perform endovascular treat
ment of the SAVF.
Under local anesthesia, the Seldinger technique was
used to place a 5-F sheath (Medikit, Tokyo, Japan) into
the right femoral artery. Selective celiac angiography
and selective splenic arteriography were performed
using a 4-F shepherd-type catheter (Medikit). The
angiograms revealed a fistula between the proximal
splenic artery and the aneurysm-like, dilated splenic
vein (Figure 2A). Contrast medium from the splenic
vein aneurysm flowed into the portal vein through

WJG|www.wjgnet.com

DISCUSSION
SAVFs are rare, and the most occur after the rupture of
a splenic artery aneurysm into the corresponding vein.
However, their origins can also be congenital, traumatic
[2-4]
(iatrogenic or accidental) or through infection
.
Here, we described the first case of an SAVF with
a splenic vein aneurysmal dilatation that occurred
after a laparoscopic pancreatectomy. Laparoscopic
partial pancreatectomies for pancreatic endocrine
tumors were first reported in 1996 by Gagner et
[5]
al and are now considered to be indicated for that
[6]
condition . One of the most common complications
after a pancreatectomy is pancreatic leakage, which
may result in massive hemorrhage. In the present
case, a pancreatic leak was considered to be one
of the possible causes of the SAVF. SAVFs can be
asymptomatic or may result in a variety of portal
vein hypertension symptoms, i.e., upper abdominal
pain, ascites (35%), esophageal or gastric varices
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Figure 2 Angiographic imaging. A: Celiac artery angiogram demonstrating a fistula (black arrow) between the proximal splenic artery and the splenic venous
aneurysm; B: The contrast medium from the splenic vein aneurysm continued to the portal vein (black arrowhead) through the collateral vessels; the splenic vein main
trunk on the portal vein side was occluded (white arrowhead); C: A micro-catheter is shown advancing to the drainage vein through the aneurysm; D: The drainage
vein after embolization with 7 coils; E: The splenic artery, including the splenic arteriovenous fistula, after coil embolization; F: The splenic vein aneurysm disappeared
after embolization of the splenic artery, including the splenic arteriovenous fistula and drainage vein.
[2,7,8]

(52%), or splenomegaly (55%)
. Diarrhea, due to
abrupt elevation of mesenteric venous pressure, and
[4,9]
congestive heart failure have also been described .
SAVFs can be diagnosed using contrast-enhanced
CT and confirmed using celiac or splenic arteriography.
An elongated, tortuous splenic artery; early filling
of the splenic vein during the arterial phase; dense
opacification of the splenoportal venous system; and
an aneurysm-like splenic vein are the characteristic
[2]
findings of SAVFs . Rapid development of an
aneurysmal dilatation in the splenic vein, as in our
case, is uncommon and may suggest occlusion of the
main trunk of the vein on the portal vein side. In the
present case, the occlusion may have been caused
during the laparoscopic pancreatectomy. The shunt
flow from the SAVF could not flow directly to the portal
vein due to the splenic vein occlusion; therefore, the
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pressure in the drainage vein was elevated causing
it to enlarge. SAVFs should be promptly treated in
high-risk patients with symptomatic or expanding
aneurysms.
[8,10]
Traditionally, surgery is used to treat SAVFs
,
but the surgical approach often presents technical
challenges because of the distal lesion site, adhesion
formation, and the presence of numerous portal
[1]
collaterals . Non-surgical, endovascular treatment
of SAVFs has recently been described, particularly
for patients with a high risk of surgical complications
and for patients with lesions that are difficult to treat
[1-3,9,10]
surgically
. Compared to surgery, endovascular
treatment is a less invasive, relatively low-risk, and
rapid procedure, regardless of the SAVF location.
These advantages (over surgery) strongly support its
use for the safe and efficacious treatment of patients
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prior reports of SAVFs developing after laparoscopic pancreatectomy.

with SAVFs.
Aneurysmal exclusion using a stent graft is an
option for patients who do not have a tortuous splenic
artery. Embolization using an Amplatzer™ vascular
plug (AVP; St. Jude Medical, St. Paul, MN, United
States) is another option. The AVP can be used safely
in high-flow, short-segment arteriovenous fistulas
where it is difficult to release coils accurately. The
device can be retrieved and repositioned if the initial
location is unsatisfactory. In this case, however, we
initially controlled the blood flow using a balloon
catheter to avoid hemorrhage due to rupture of the
fragile splenic artery.
Generally, the embolization of the fistula or splenic
artery, including the SAVF, is sufficient for their
[1-3]
endovascular treatment . In this case, however, we
embolized the splenic artery, including the SAVF and
the drainage vein because the main trunk of the splenic
vein was occluded on the portal vein side. Without
embolization of the drainage vein, the occlusion might
have elevated pressure in the drainage vein and led
to an enlargement of the venous aneurysm due to
retrograde blood flow. As a result of these steps, we
obtained successful control of the SAVF and splenic
vein aneurysmal dilatation using selective embolization
of the splenic artery, including the SAVF and drainage
vein.
In conclusion, this is the first report of an SAVF
occurring after a laparoscopic pancreatectomy and
demonstrates the usefulness of endovascular treatment
of SAVFs with splenic vein aneurysms.

Term explanation

SAVFs with splenic vein aneurysms are extremely rare. SAVFs can be
asymptomatic or may result in a variety of portal vein hypertension symptoms,
and the rapid enlargement of a splenic vein aneurysm can cause the rupture.

Experiences and lessons

This is the first report of an SAVF occurring after laparoscopic pancreatectomy
and demonstrates the usefulness of endovascular treatment of SAVFs with
splenic vein aneurysms.

Peer-review

This is a well-written and adequately documented report of a postoperative
arteriovenous fistula, following laparoscopic distal pancreatic resection. The
authors complete their report with a comprehensive review of relevant literature
evidence. The subject of this case report is relevant to multiple disciplines,
including surgeons, gastroenterologists, and interventional radiologists. The
differential diagnosis, which might define the therapeutic approach, is of
outmost importance.

REFERENCES
1

2

3

4

5

COMMENTS
COMMENTS
Case characteristics

6

A 40-year-old man undergoing a laparoscopic, spleen-preserving, distal
pancreatectomy presented with no symptoms.

Clinical diagnosis

The patient demonstrated a splenic arteriovenous fistula (SAVF) with a dilated
splenic vein.

7

Splenic artery pseudoaneurysm, pseudocyst of the pancreas.

8

Differential diagnosis
Laboratory diagnosis

HGB 15.1 g/dL; AMY 44 IU/L. All blood test results were within normal limits.

Imaging diagnosis

Computed tomography (CT) demonstrated an SAVF with a dilated splenic vein
measuring 56 mm × 64 mm.

9

The SAVF, together with a splenic vein aneurysm, was successfully treated
using percutaneous, transarterial, coil embolization of the splenic artery,
including the SAVF and drainage vein.

10

Treatment

Related reports

SAVFs with splenic vein aneurysms are extremely rare entities. There are no

Hamed Ibrahim W, M Bassurrah H. Endovascular management of
splenic arteriovenous fistula with giant venous aneurysmal dilatation.
Ann Vasc Dis 2012; 5: 439-444 [PMID: 23641267 DOI: 10.3400/
avd.cr.12.00009]
Hung CF, Tseng JH, Lui KW, Wan YL, Tsai CC, Shem CH,
Wu CS. Intractable oesophageal variceal bleeding caused by
splenic arteriovenous fistula: treatment by transcatheter arterial
embolization. Postgrad Med J 1999; 75: 355-357 [PMID: 10435172
DOI: 10.1136/pgmj.75.884.355]
Madsen MA, Frevert S, Madsen PL, Eiberg JP. Splenic arteriovenous
fistula treated with percutaneous transarterial embolization. Eur J
Vasc Endovasc Surg 2008; 36: 562-564 [PMID: 18774314 DOI:
10.1016/j.ejvs.2008.07.006]
McClary RD, Finelli DS, Croker B, Davis GL. Portal hypertension
secondary to a spontaneous splenic arteriovenous fistula: case report
and review of the literature. Am J Gastroenterol 1986; 81: 572-575
[PMID: 3717121]
Gagner M, Pomp A, Herrera MF. Early experience with laparoscopic
resections of islet cell tumors. Surgery 1996; 120: 1051-1054 [PMID:
8957494 DOI: 10.1016/S0039-6060(96)80054-7]
Gumbs AA, Grès P, Madureira F, Gayet B. Laparoscopic vs open
resection of pancreatic endocrine neoplasms: single institution’
s experience over 14 years. Langenbecks Arch Surg 2008; 393:
391-395 [PMID: 18196267 DOI: 10.1007/s00423-007-0255-5]
Gartside R, Gamelli RL. Splenic arteriovenous fistula. J Trauma
1987; 27: 671-673 [PMID: 3599115 DOI: 10.1097/00005373-19870
6000-00014]
Yadav R, Tiwari MK, Mathur RM, Verma AK. Unusually giant
splenic artery and vein aneurysm with arteriovenous fistula with
hypersplenism in a nulliparous woman. Interact Cardiovasc
Thorac Surg 2009; 8: 384-386 [PMID: 19088095 DOI: 10.1510/
icvts.2008.196121]
Orrego M, Vargas HE, Balan V, Wells C, Harrison ME, Larson J,
Huettl E, Liu PT. Portal hypertension due to a splenic arteriovenous
fistula: a case report. Dig Dis Sci 2006; 51: 1113-1116 [PMID:
16865578 DOI: 10.1007/s10620-006-8016-9]
Kakizawa H, Toyota N, Naito A, Fukuda H, Ito K. Superselective transcatheter arterial embolization of a traumatic splenic
arteriovenous fistula. Radiat Med 2004; 22: 364-367 [PMID:
15553020]

P- Reviewer: Antoniou SA, Fabozzi M, Germer CT S- Editor: Ma YJ
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

7910

July 7, 2015|Volume 21|Issue 25|

World J Gastroenterol 2015 July 7; 21(25): 7911-7915
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i25.7911

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Helicobacter cinaedi bacteremia with cellulitis after ABOincompatible living-donor liver transplantation: Case report
Kohei Mishima, Hideaki Obara, Kayoko Sugita, Masahiro Shinoda, Minoru Kitago, Yuta Abe, Taizo Hibi,
Hiroshi Yagi, Kentaro Matsubara, Takehiko Mori, Yaoko Takano, Hiroshi Fujiwara, Osamu Itano,
Naoki Hasegawa, Satoshi Iwata, Yuko Kitagawa
Shinjuku-ku, Tokyo 160-8582, Japan. obara@z3.keio.jp
Telephone: +81-3-33531211
Fax: +81-3-33554707

Kohei Mishima, Hideaki Obara, Masahiro Shinoda, Minoru
Kitago, Yuta Abe, Taizo Hibi, Hiroshi Yagi, Kentaro Matsubara,
Osamu Itano, Yuko Kitagawa, Department of Surgery, Keio
University School of Medicine, Tokyo 160-8582, Japan

Received: March 3, 2015
Peer-review started: March 4, 2015
First decision: April 13, 2015
Revised: May 9, 2015
Accepted: May 21, 2015
Article in press: May 21, 2015
Published online: July 7, 2015

Kayoko Sugita, Yaoko Takano, Hiroshi Fujiwara, Naoki
Hasegawa, Center for Infectious Diseases and Infection Control,
Keio University School of Medicine, Tokyo 160-8582, Japan
Takehiko Mori, Division of Hematology, the Department of
Medicine, Keio University School of Medicine, Tokyo 160-8582,
Japan
Satoshi Iwata, Department of Infectious Diseases, Keio
University School of Medicine, Tokyo 160-8582, Japan

Abstract
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Helicobacter cinaedi (H. cinaedi ), a Gram-negative

Ethics approval: The study was reviewed and approved by the
Keio University School of Medicine Institutional Review Board.

after liver transplantation. A 48-year-old male, who
had been a dog breeder for 15 years, underwent
ABO-incompatible living-donor liver transplantation
for hepatitis C virus-induced decompensated cirrhosis
using an anti-hepatitis B core antibody-positive graft.
The patient was preoperatively administered rituximab
and underwent plasma exchange twice to overcome
blood type incompatibility. After discharge, he had
been doing well with immunosuppression therapy
comprising cyclosporine, mycophenolate mofetil, and
steroid according to the ABO-incompatible protocol of
our institution. However, 7 mo after transplantation,
he was admitted to our hospital with a diagnosis
of recurrent cellulitis on the left lower extremity,
and H. cinaedi was detected by both blood culture
and polymerase chain reaction analysis. Antibiotics
improved his symptoms, and he was discharged at day
30 after admission. Clinicians should be more aware of
H. cinaedi in immunocompromised patients, such as
ABO-incompatible transplant recipients.

spiral-shaped bacterium, is an enterohepatic non-

Helicobacter pylori Helicobacter species. We report
the first case of H. cinaedi bacteremia with cellulitis
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Table 1 Preoperative blood type, viral marker status of the
recipient and donor

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

Blood type
Viral marker status
HBs-Ag (C.O.I)
HBs-Ab (mIU/mL)
HBc-Ab (% Inh)
HBe-Ag (S/CO)
HBe-Ab (% Inh)
HBV-RNA (log copy/mL)
HCV-Ab
HCV-RNA (log IU/mL)
HCV genotype

Core tip: This is the ﬁrst case report of Helicobacter
cinaedi infection in a liver transplant recipient. Cli
nicians should be aware of this microorganism when
treating immunocompromised patients, such as ABOincompatible liver transplant recipients with symptoms
of cellulitis.

Donor
AB Rh (+)

< 1.0
186.9
92.6
< 0.50
73
−
+
5.8
2a

< 1.0
< 10.0
95.8
< 0.50
48
−
−
−
−

HBs-Ag: Hepatitis B surface antigen; HBs-Ab: Hepatitis B surface antibody;
HBc-Ag: Hepatitis B core antigen; HBc-Ab: Hepatitis B core antibody; HBeAg: Hepatitis B envelope antigen; HBe-Ab: Hepatitis B envelope antibody;
HCV-Ab: Hepatitis C virus antibody.

Mishima K, Obara H, Sugita K, Shinoda M, Kitago M, Abe Y,
Hibi T, Yagi H, Matsubara K, Mori T, Takano Y, Fujiwara H,
Itano O, Hasegawa N, Iwata S, Kitagawa Y. Helicobacter cinaedi
bacteremia with cellulitis after ABO-incompatible living-donor
liver transplantation: Case report. World J Gastroenterol 2015;
21(25): 7911-7915 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7911.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7911

provided informed consent to publish his case details.
A 48-year-old male, who had been a dog breeder
for 15 years, underwent ABO-I LDLT for HCVinduced decompensated liver cirrhosis with an HBcAb-positive liver graft. His Model for End-stage Liver
Disease (MELD) score was 9 at the time of LDLT. His
notable medical history included was hypertension and
diabetes mellitus.
The donor was the patient’s 46-year-old younger
brother who had no notable medical history except
for resolved HBV infection. The viral marker statuses
of the recipient and donor are summarized in Table 1;
the results suggest that the recipient also had a history
of resolved HBV infection. To overcome blood type
incompatibility, 500 mg/body of rituximab (an antiCD20 antibody) was administered to the recipient four
weeks before LDLT and preoperative plasma exchange
was performed twice according to our institution’s
[5]
protocol . LDLT was performed routinely using a left
lobe graft. Intraoperative liver wedge biopsy of the
donor revealed no evidence of steatosis. Immediately
after total hepatectomy was performed, 10000 IU of
hepatitis B immunoglobulin (HBIG) was systemically
infused into the recipient as anti-HBV prophylaxis.
The liver graft was revascularized in the order of
anastomosis of the hepatic vein to the inferior vena
cava and reconstruction of the portal vein and hepatic
artery. Immediately before reperfusion of the liver via
the portal vein, 650 mg of methylprednisolone was
infused intravenously. Splenectomy was performed
following hepatic artery reconstruction, and a portal
vein catheter was placed via a middle colic vein
for local graft infusion therapy according to the
[5,6]
immunosuppression protocol for ABO-I .
In addition to routine postoperative treatment,
the CD19- and CD20-positive B-cell counts, as well
as isoagglutinin titers of anti-A and anti-B, were
monitored frequently. At postoperative day 25,
tacrolimus was stopped and cyclosporine was started

INTRODUCTION
Helicobacter is a genus of gram-negative bacteria
possessing a characteristic spiral shape. The most wellknown species of the genus is Helicobacter pylori, as
some strains are associated with peptic ulcers, chronic
gastritis, and gastric cancers. Nevertheless, several
reports published during the last few decades have
contributed to a better understanding of both human
and animal infection with non-Helicobacter pylori
[1]
Helicobacter species . One such enterohepatic species
is Helicobacter cinaedi (H. cinaedi), which colonizes the
gastrointestinal tract mucosa of mammals, including
[2]
humans . Cellulitis due to H. cinaedi is occasionally
reported in neutropenic patients with hematologic
malignancies and less frequently in patients with
immunocompromised conditions, such as diabetes
mellitus and malnutrition. Here, we report the first
case of H. cinaedi bacteremia with cellulitis after liver
transplantation.
In Japan, although the number of deceased donor
liver transplantation (DDLT) has gradually increased,
living-donor liver transplantation (LDLT) is still the
most frequent treatment option because of organ
shortages. Therefore, the use of liver grafts from
[3,4]
hepatitis B core antibody (HBc-Ab)-positive
or ABOincompatible (ABO-I) living donors are permitted in
Japan. The present case is also a rare case of ABO-I
LDLT from an HBc-Ab-positive donor to a recipient with
hepatitis C virus (HCV).

CASE REPORT
After receiving a detailed explanation, the patient
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Recipient
B Rh (+)
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Considering the possibility of Campylobacter infection
according to the results of gram-negative spiral
bacteria, cefazolin was replaced with ciprofloxacin.
The results of the API Campy kit (Sysmex bioMerieux
Co., Ltd., Kobe, Japan) indicated that the causative
microorganism was H. cinaedi with a 68.5% pro
bability; 16S rRNA gene sequencing was performed
for further identification. According to a search of the
Basic Local Alignment Search Tool (BLAST) database
(http://www.ncbi.nlm.nih.gov/blast/), the sequence
of this isolate exhibited 99% similarity with that of H.
cinaedi. As the swelling of the left lower extremity and
high fever occurred simultaneously, we diagnosed H.
cinaedi bacteremia with recurrent cellulitis. According
to the result of antibiotic susceptibility testing (disk
diffusion test), the microorganism was susceptible to
tetracycline, third generation cefem, and carbapenem,
and, on the contrary, resistant to first generation cefem
and new quinolone antibiotics. Therefore, ciprofloxacin
was switched to minocycline at day 20 after admission
because of reports of increasing quinolone-resistant
H. cinaedi. Thereafter, his subfever resolved, and he
was discharged at day 30 after the latest admission.
He has been on minocycline for more than 3 mo and is
currently being followed up at our institution, without
recurrence.

Table 2 Case reports of Helicobacter cinaedi bacteremia and
their associated symptoms n (%)
Ref.
[21]

Kawakami et al
Araoka et al[22]
Mandai et al[23]
Kikuchi et al[24]
Kim et al[25]
Ishizawa et al[26]
Holst et al[19]
Matsumoto et al[16]
Nishine et al[27]
Kitamura et al[17]
Uçkay et al[28]
Van Genderen et al[29]
Simons[30]
Murakami et al[8]
Lasry et al[31]
Hung et al[32]
Sullivan et al[33]
Tee et al[34]
Mammen et al[35]
Burman et al[11]

Bacteremia, n

Fever

Cellulitis

Diarrhea

46
63
1
1
1
1
1
6
1
11
1
1
1
1
1
1
1
3
1
7

43 (93)
ND
Yes
Yes
Yes
No
Yes
6 (100)
Yes
ND
Yes
Yes
No
Yes
Yes
Yes
Yes
ND
Yes
5 (71.4)

8 (17.4)
24 (38.0)
Yes
Yes
Yes
Yes
Yes
ND
No
11 (100)
No
Yes
No
Yes
No
No
Yes
1 (33)
No
4 (57.1)

4 (8.7)
7 (10.4)
No
No
No
No
No
0 (0)
No
ND
No
No
No
No
No
Yes
No
0
Yes
1 (14.3)

ND: Not documented.

due to the possibility of thrombotic microangiopathy.
Immunosuppression therapy at discharge (i.e.,
postoperative day 63) comprised cyclosporine (130
mg/d), MMF (2000 mg/d), and PSL (15 mg/d). The
doses of these drugs were gradually reduced during
follow-up. He was followed almost every two weeks.
Unfortunately, four months after ABO-I LDLT,
routine laboratory investigations and liver biopsy
specimens showed early HCV relapse. The HCV-RNA
level at that time had increased to 7.2 log IU/mL. As
the patient had a history of progression of diabetic
retinopathy due to interferon therapy and liver function
tests at that time were almost normal, he did not start
interferon therapy; he is planned to take sofosbuvir,
which will be approved shortly in Japan.
Seven months after transplantation, he was hos
pitalized with complaints of high fever and swelling
in the left lower extremity, which is compatible with
cellulitis, without any signs of trauma. On admission,
hemoglobin level was 11.9 g/dL, white blood cell
count was 13000/µL with 80.5% neutrophils, and
platelet count was 364000/µL. C-reactive protein
level was elevated to 6.50 mg/dL. Blood culture was
not analyzed at that time. Thereafter, cefazolin was
empirically administered for seven days. His symptoms
were relieved immediately, and he was discharged at
day 10 after admission.
However, one week later, he was readmitted with
a diagnosis of recurrent cellulitis on the left lower
extremity. Blood culture was analyzed at this time, and
cefazolin was empirically administered again. Although
left lower leg swelling improved immediately, subfever
was prolonged and gram-negative spiral bacteria
were confirmed by both aerobic and anaerobic vials
of two sets of blood cultures at day 5 after admission.
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DISCUSSION
We reported a case of bacteremia with cellulitis
caused by H. cinaedi after LDLT for HCV-induced
decompensated liver cirrhosis, using an HBc-Abpositive liver graft. To our knowledge, this is the ﬁrst
case report of H. cinaedi infection in a liver transplant
recipient; meanwhile, there is only one case report of
ABO-I LDLT from an HBc-Ab-positive donor to an HCV
[7]
recipient . In the field of solid organ transplantation,
only one case of H. cinaedi infection after renal
[8]
transplant has been reported . H. cinaedi was
originally isolated as a Campylobacter-like organism
from rectal swabs obtained from homosexual men
[9]
infected with HIV in 1984 . Regarding the isolation of
H. cinaedi, it takes 4.1 ± 1.60 d to identify this species
after blood culture. Therefore, at least 5 d of incubation
is required to avoid overlooking the microorganism.
Some cases of H. cinaedi infection have been
reported during the last few decades. In these reports,
this microorganism is described as causing diverse
symptoms, including erysipelas, cellulitis, arthritis,
and neonatal meningitis, as well as gastroenteritis and
[10-14]
proctitis
. A review of the literature on cases of
bacteremia by H. cinaedi documenting the incidence
of each symptom is shown in Table 2. Interestingly,
cellulitis was observed in 56/150 cases (37.3%),
whereas diarrhea was only reported in 14/150 cases
(9.3%); thus, cellulitis is the predominant symptom
caused by this microorganism compared with other
gram-negative enteric bacilli, such as Campylobacter
spp.
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Regarding H. cinaedi pathogenesis, the secondary
involvement of the skin and subcutaneous tissues
in bacteremia is thought to be caused by its toxic
[15]
factors . In addition, immunodeficiency may allow
continuous bacterial translocation resulting in high
recurrence. In our case, recurrent cellulitis accompanied
by bacteremia led to the diagnosis of H. cinaedi
infection.
Regarding our patient’s background, it has been
reported that H. cinaedi bacteremia is rare but can
occur in immunocompromised hosts by Matsumoto,
Goto, who evaluated the prevalence of H. cinaedi as
a bacteremia-causing pathogen by analyzing blood
[16]
culture samples . H. cinaedi infection is observed
occasionally in patients with alcoholism, diabetes,
and malignancy and less commonly in patients
[17-19]
with no recognized host defense defect
. As this
microorganism is presumably transmitted from animals
to human via the fecal-oral route, our patient’s work
as dog breeder for 15 years may be associated with
the infection route of H. cinaedi. In addition, splenec
tomy and the immunosuppression protocol for ABO-I
comprising rituximab (anti-CD20 antibody), tacrolimus /
cyclosporine, MMF, and PSL might have been associated
with pathogenesis by strongly affecting the patient’s
immunity.
Of the drugs mentioned above, rituximab is a key
drug for suppressing humoral immunity in ABO-I
LDLT. In Japan, where LDLT has been developed more
than DDLT because of a lack of brain-dead donors,
donors are mostly limited to close family members.
Therefore, ABO-I LDLT use in Japan is more common
than in other countries. In ABO-I LDLT, B-cells and
alloantibodies become pathogenic in terms of antibodymediated rejection in addition to cell-mediated
rejection, which is also observed in ABO-compatible
LDLT. Rituximab is a monoclonal antibody usually used
to treat B-cell non-Hodgkin lymphoma. In ABO-I LDLT,
the effectiveness of rituximab is mostly explained
by its depletion of specific antidonor antibodies and
elimination of circulating and presumably tissue
+
[20]
CD20 B-cells . As the effect of rituximab persists for
several months, serious fungal, bacterial, and new or
reactivated viral infections can occur after treatment.
The long-term effectiveness of rituximab may explain
why cellulitis occurred in our patient, who was taking
only cyclosporine when the pathogenesis of cellulitis
occurred.
There are currently no clear guidelines in the
literature concerning the choice or duration of antibiotic
therapy for H. cinaedi infection. A large review of 23
cases of bacteremia reported that penicillins, tetra
cycline, and aminoglycosides are more effective than
[10]
are cephalosporins, erythromycin, or ciprofloxacin .
Quinolones alone may not completely eradicate H.
cinaedi, which explains the frequent reports of recurrent
disease after quinolone monotherapy. In our case,
recurrent cellulitis was observed in spite of the use of
cefazolin for one week; therefore, oral minocycline was

WJG|www.wjgnet.com

continued for more than three months.
In conclusion, this is the first case report of H.
cinaedi infection in a liver transplant recipient. Clinicians
should be aware of this microorganism when treating
immunocompromised patients such as ABO-I transplant
recipients with symptoms of cellulitis.

COMMENTS
COMMENTS
Case characteristics

A 48-year-old male who was diagnosed with recurrent cellulitis on the left lower
extremity after liver transplantation.

Clinical diagnosis

Helicobacter cinaedi (H. cinaedi) bacteremia with cellulitis.

Differential diagnosis

Campylobacter species infection.

Laboratory diagnosis

Spiral bacteria were confirmed by both aerobic and anaerobic vials of blood
cultures, and 16S rRNA gene sequencing of this isolate exhibited 99% similarity
with that of H. cinaedi.

Imaging diagnosis

There are no imaging methods to confirm the diagnosis of Helicobacter cinaedi
infection.

Pathological diagnosis

There are no pathological methods to confirm the diagnosis of Helicobacter
cinaedi infection.

Treatment

At first, cefazolin was empirically administered for one week. Finally, oral
minomycin was continued for more than three months after the diagnosis of
Helicobacter cinaedi bacteremia with cellulitis was obtained.

Related reports

To date, this is the first case report of Helicobacter cinaedi bacteremia with
cellulitis after liver transplantation.

Term explanation

Helicobacter cinaedi is one of the non-Helicobacter pylori Helicobacter species
that colonizes the gastrointestinal tract mucosa of mammals, including humans.

Experience and lessons

Review of literature showed that cellulitis is the predominant symptom caused
by Helicobacter cinaedi. Clinicians should be aware of this microorganism
when treating immunocompromised patients such as ABO-I liver living-donor
transplant recipients with symptoms of cellulitis.

Peer-review

This is the first case report of Helicobacter cinaedi infection in a liver transplant
recipient. Due to the limited volume of patients, the underlying cause of
bacteremia and cellulitis is unknown.
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Abstract
We report a case of intraductal papillary mucinous
neoplasm (IPMN) originating from the ileal heterotopic
pancreas in a patient with hereditary non-polyposis
colorectal cancer (HNPCC). A 49-year-old woman
had a past history of total colectomy and total
hysterectomy with bilateral salpingo-oophorectomy
due to colonic adenocarcinoma and endometrial
adenocarcinoma 11 years ago. Her parents died from
colonic adenocarcinoma and her sister died from colonic
adenocarcinoma and endometrial adenocarcinoma.
The clinician found an ileal mass with necrotic change
and the mass increased in size from 1.7 cm to 2.2 cm
during the past 2 years on computed tomography. It
was surgically resected. Microscopically, the ileal mass
showed heterotopic pancreas with IPMN high grade
dysplasia. Immunohistochemical staining revealed
positive reactivity for MLH1/PMS2 and negative
reactivity for MSH2/MSH6. This is the first report of
IPMN originating from the ileal heterotopic pancreas in
a patient with HNPCC in the English literature.
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Core tip: Intraductal papillary mucinous neoplasm
(IPMN) is a precursor lesion of pancreatic cancer.
Although pancreatic cancer is one of the malignancies
associated with hereditary non-polyposis colorectal
cancer (HNPCC), only one case has been reported
IPMN in a HNPCC patient. We report a first case of
IPMN arising in heterotopic pancreas in a patient of
HNPCC.
Lee SH, Kim WY, Hwang DY, Han HS. Intraductal papillary
mucinous neoplasm of the ileal heterotopic pancreas in a patient
with hereditary non-polyposis colorectal cancer: A case report.
World J Gastroenterol 2015; 21(25): 7916-7920 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i25/7916.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i25.7916

B

INTRODUCTION
Hereditary non-polyposis colorectal cancer (HNPCC) is
a most common form of hereditary colorectal cancer
syndrome that accounts for approximately 3% of
[1]
all colorectal cancers . It is an autosomal dominant
syndrome caused by germline mutations of mismatch
repair genes including MLH1, MSH2, MSH6, and PMS2.
It shows characteristic microsatellite instability (MSI).
HNPCC associated cancers include cancer of colon,
rectum, stomach, ovary, ureter, renal pelvis, brain,
[2]
small bowel, hepatobiliary tract, and skin . Clinically
these tumors are diagnosed at an early age, are mul
tiple, and have a family history. Colonic cancers are
usually located in the proximal colon.
Heterotopic pancreas is defined as pancreatic tissue
located outside of the normal anatomic border of the
[3]
pancreatic gland . About 90% of heterotopic pancreas
is localized in the stomach, duodenum, or upper part
of jejunum, but ileal location is rare at approximately
[4]
1% . It is usually asymptomatic, however it can
produce size or location dependent symptoms and
can show most pathologic changes of pancreas
including benign or malignant tumors. Intraductal
papillary mucinous neoplasm (IPMN) is one of the
tumors arising in pancreas. It is characterized by cystic
dilatation of pancreatic duct with intraductal papillary
growth structures that are covered with mucin pro
ducing columnar cells. In this report, we describe
a case of intraductal papillary mucinous neoplasm
of the ileal heterotopic pancreas in a patient with
hereditary non-polyposis colorectal cancer which, to
our knowledge, is the first report in English literature.

Figure 1 Abdominopelvic computed tomography in 2011 and B: 2014.
A: Contrast enhanced computed tomography (CT) scan shows 1.7 cm sized
enhancing mass arising in small bowel; B: Follow up CT shows a slightly
increased size to 2.2 cm and new appearance of low density areas in the mass
suggests necrotic change.

anal verge 75 cm, and endometrial adenocarcinoma
11 years ago. Lobectomy of thyroid due to thyroid
cancer was also performed 3 years ago. Family history
included death of her father due to colonic carcinoma
and death of her mother due to right colonic car
cinoma. Her sister had also suffered fatal right colonic
carcinoma and endometrial carcinoma. Another sister
died and the patient was unable to recall the cause of
death.
The patient had no specific symptom and the
clinician could not find any specific sign on physical
examination. However clinician found a submucosal
mass on the terminal ileum on follow up computed
tomography (CT). It had increased in size from 1.7
cm to 2.2 cm and was suspected of necrotic change
on abdominopelvic CT compared with 2 years ago CT
(Figure 1). Surgical resection was performed under the
presumption of gastrointestinal stromal tumor.
The cut surface of specimen showed an ill cir
cumscribed grayish yellow, fibrotic and focal cystic mass
in the submucosal layer (Figure 2). Microscopically, the
mass was composed of pancreatic ducts and acini. The
pancreatic ducts were cystically dilated. They showed
intraductal papillary proliferative lesion with abundant
mucin and some of the cells had marked nuclear atypia.
We diagnosed an IPMN with high grade dysplasia arising
in heterotopic pancreas of the terminal ileum (Figure 3).
Immunohistochemically, the tumor cells were positive

CASE REPORT
We present the case of a 49-year-old woman with
IPMN of heterotopic pancreas of the HNPCC family.
The patient had a past history of total colectomy,
transabdominal hysterectomy, and bilateral salpingooophorectomy due to colonic adenocarcinoma on
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Figure 2 Cut surface shows a fibrotic and cystic lesion in the submucosa.

A

B

C

D

Figure 3 Microscopic findings. A: Microscopic examination shows dilated ducts [hematoxylin-eosin (HE) stain, original magnification × 40] with B: pancreas
acini (HE stain, original magnification × 100); C: The ducts are filled with papillary neoplasm. The epithelium is covered with tall columnar cells that have abundant
intracytoplasmic mucin (HE stain, original magnification × 100); D: Some of the epithelial cells have enlarged nuclei with nucleoli and irregular nuclear membrane
consistent with high grade nuclear atypia (HE stain, original magnification × 400).

for MUC2, MUC5AC and negative for MUC1, MUC6,
CDX2, indicative of intestinal type IPMN. Interestingly
the tumor cells were positive for MLH1, PMS2 and
negative for MSH2, MSH6 indicating defects in DNA
mismatch repair (Figure 4).

were negative. Loss of expression of the MLH1 or MSH2
genes is associated approximately 100% with an MSI[5]
high phenotype . The Revised Bethesda Guidelines
recommend molecular evaluation in patients with loss of
[5]
expression of one of the MMR genes . Based on clinical
and family history with immunohistochemical study, we
diagnosed the patient with HNPCC.
IPMN is one of the premalignant lesions of the
pancreas arising in elderly. Only one report of IPMN in
[6]
a patient with HNPCC has been previously reported .
Briefly, the patient was a 61-year-old woman with
multiple cancer history including unknown pathologic
type brain tumor, endometrioid ovarian cancer,
endometrial cancer, infiltrating duct carcinoma of

DISCUSSION
We reported the first case of IPMN arising in heterotopic
pancreas of a HNPCC patient. We could not confirm
the germline mutation of mismatch repair genes and
MSI status. However, clinically she was a HNPCC
[2]
patient according to Amsterdam criteria Ⅱ . Also,
immunohistochemical staining for MSH2 and MSH6

WJG|www.wjgnet.com

7918

July 7, 2015|Volume 21|Issue 25|

Lee SH et al . IPMN arising in heterotopic pancreas in a patient with HNPCC

A

B

C

D

Figure 4 Immunohistochemical staining. A: Immunohistochemical stain is positive for MLH1; B: PMS2; C: Negative for MSH2; D: MSH6. Magnification × 400 (A-D).
[4]

breast, malignant melanoma, multiple basal cell
carcinomas, squamous cell carcinoma of skin, and
adenocarcinoma contained within an adenoma at the
splenic flexure, intramucosal adenocarcinoma of colon,
and invasive adenocarcinoma of rectum. She had a
germline mutation of the MSH2 gene, however, family
[6]
history was unavailable .
In previous study, immunohistochemical staining
for MLH1 and MSH2 showed 100% positivity in IPMN,
suggestive that MMR genes do not play a significant
[7]
[6]
role in development of IPMN . Sparr et al suggested
that IPMN may be part of extracolonic tumors in
HNPCC because their study case showed loss of MSH2
expression, high level MSI, MSH2 gene mutation and
in general, IPMN is associated with extrapancreatic
neoplasms, specifically colorectal adenomas and
adenocarcinomas, as well as gastric carcinomas. Our
case showed loss of expression of MSH2 and MSH6
protein by immunohistochemical staining. This finding
suggested that MMR genes play a role in development
of IPMN, especially in patients with HNPCC, in
[6]
agreement with Sparr et al .
On the other hand, IPMN can very rarely originate
from heterotopic pancreas. To the best our knowledge,
only 9 cases of IPMN or adenocarcinoma with IPMN
arising in heterotopic pancreas were reported in English
[3,8-15]
literature
. The mean age of these cases was 65.4
years (range: 44-80 years). They were located in
stomach (4 cases), jejunum (2 cases), esophagus (1
case), duodenum (1 case), and Meckel’s diverticulum
(1 case). Most cases were located in common sites of
heterotopic pancreas such as stomach, duodenum,
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and jejunum . Clinically our case of IPMN occurred at
a relatively young age that is characteristic of tumors
arising in HNPCC patient.
In conclusion, we reported the second case of
IPMN in a patient with HNPCC and the first case of
IPMN arising in heterotopic pancreas in a patient with
HNPCC. Pancreatic cancer is one of the extracolorectal
tumors associated with HNPCC. IPMN is a precursor
lesion of pancreatic cancer but the relationship
between IPMN and HNPCC is unknown. It is important
to identify HNPCC for follow up and screening tests for
the family. Further studies are needed to identify the
relationship between IPMN and HNPCC.
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Abstract
This study investigated whether changes in circulating
tumor cell (CTC) numbers reflect tumor progression
and treatment efficacy in esophageal squamous cell
carcinoma (ESCC). A 47-year-old male patient with
ESCC is presented in this case study. The patient
was evaluated for a series of serum tumor markers
and subjected to radiological examinations before
and after surgery and during follow-up over the
course of five years. In addition, the CTCs in 7.5
mL of peripheral blood were enriched by magneticactivated cell sorting negative selection and identified
by immunofluorescence staining. Serum tumor markers
remained within normal ranges and were discordant
with imaging scans during the follow-up. Initially, one
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Tumor metastasis and recurrence are the major
causes of death. Tumor lesions are mainly revealed by
radiological examination and serum tumor markers.
However, tumor lesions that are small in diameter are
difficult to detect by imaging scans. Highly specific
tumor markers are currently unavailable, especially for
ESCC. Histopathology is the “gold standard” of tumor
diagnosis. However, due to the limitations of specimen
collection, real-time monitoring of tumor progression
cannot be realized. Thus, it is critical to introduce new
tumor-detection methods into clinical practice.
Studies have shown that circulating tumor cells
(CTCs) are closely related to tumor metastasis and can
be useful as a “window” to monitor disease prognosis
[3]
both initially and after therapy . The number and
phenotype of CTCs can reflect the disease progression
in real time and guide the treatment. Furthermore,
CTCs can be easily obtained for series detection because
the collection method is noninvasive and causes no
trauma to patients.
However, owing to the rarity of CTCs in peripheral
blood, their detection requires a combination of high
specificity and sensitivity. Several CTC detection
methods have been developed, including magneticactivated cell sorting (MACS), polymerase chain
[4-6]
reaction, and microfluidic chips . In recent years, the
immune magnetic bead enrichment method has been
shown to efficiently separate cells of epithelial origin
from blood samples. Two strategies for immunological
isolation have emerged: positive enrichment and
[7]
negative enrichment .
The negative selection strategy involves capturing
cells of interest by depleting unwanted cells. During
the metastatic cascade, tumor cells undergo epithelialmesenchymal transition (EMT) and lose epithelial
markers; therefore, positive enrichment may overlook
CTCs. In the present study, we explored negative
enrichment methods for obtaining CTCs. Negative
enrichment has been confirmed as a promising
[8,9]
approach for isolating CTCs .
Here, we report a series study of CTCs from an
ESCC patient and analyze the relationship between
the CTC enumeration and other examination results.
CTC counts appear to provide a solid basis for disease
monitoring and individualized treatment.

CTC was detected in the peripheral blood sample, and
14 were observed seven days after the operation. After
12 wk, subcutaneous metastases and bone metastases
occurred, and the number of CTCs increased to 84.
After 48 wk, lung metastases were noted, and the
CTC level was 21. At 104 wk, the number of CTCs was
14, and disease recurrence was detected by positron
emission tomography-computed tomography. The CTC
counts were in accord with the imaging studies at
several time points. The additional information provided
by CTC enumeration could thus facilitate monitoring
of disease status and treatment efficacy and provide
support for treatment decisions.
Key words: Individualized treatment; Adjuvant therapy;
Esophageal squamous cell carcinoma; Circulating tumor
cells
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report a follow-up of a 47-year-old male
patient with esophageal squamous cell carcinoma in
this study. In addition to the conventional examination,
a novel workflow was performed to detect circulating
tumor cells (CTCs). We evaluated the relationship
between CTC characteristics and other tests. The serum
tumor markers were normal and thus did not appear
to reflect changes in the disease, whereas the number
of CTCs fluctuated with the disease progression and
treatment and coincided with imaging studies performed
during the follow-up. This case highlights CTCs as a
useful diagnostic tool with potential applications during
treatment.
Qiao YY, Lin KX, Zhang Z, Zhang DJ, Shi CH, Xiong M, Qu
XH, Zhao XH. Monitoring disease progression and treatment
efficacy with circulating tumor cells in esophageal squamous
cell carcinoma: A case report. World J Gastroenterol 2015;
21(25): 7921-7928 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7921.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7921

INTRODUCTION
Esophageal carcinoma is a common malignancy, ran
king sixth among global cancer-related deaths and
thus representing a serious threat to human health.
More than 90% of malignant esophageal tumors
are esophageal squamous cell carcinomas (ESCCs),
and the incidence of the disease has increased in
recent decades. Due to the lack of early symptoms
and specific diagnostic methods, ESCC is commonly
diagnosed at an advanced stage and therefore has
an extremely poor prognosis, with only 20%-30%
[1,2]
survival at five years .

WJG|www.wjgnet.com

CASE REPORT
A 47-year-old male patient was referred for dyspha
gia in February 2009, and an esophageal barium
meal and computerized tomography (CT) scan de
termined the presence of esophageal carcinoma.
The diagnosis by gastroscopy and biopsy was poorly
differentiated squamous cell carcinoma. The tumor
lump was completely removed by surgical resection
with mediastinal lymph node dissection. The final
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Figure 1 Histopathologic characterization of the esophageal squamous cell carcinoma. Hematoxylin and eosin staining of the patient’s pathological tissue slide.
A and B: Histologic sections revealed a papillary architecture (magnification × 40); C and D: Higher-magnification views of the slides. The tissue presents structural
disorder involving abnormal organization, heterotypic cell number, deep nuclear staining, loss of normal epithelial polar structure, and increased mitotic activity.
Obvious tumor nests are shown in (D) (magnification × 200).

actively.
We performed CTC detection by MACS negative
[6]
selection . After the patient signed an informed
consent form, 7.5 mL of peripheral blood was collected
at multiple treatment points. The blood samples were
treated with erythrocyte lysate buffer to remove red
blood cells, and the rest of the cells were mixed with the
appropriate amount of magnetic beads and incubated
for 15 min. The cell suspensions were applied to LS
columns (Miltenyi Biotec, Bergisch Gladbach, Germany),
and the nucleated cells were collected under a strong
magnetic field. The slide was incubated with fluorescent
anti-CK8/18/19-FITC (1:100) and anti-CD45-PE
(1:1000) (Miltenyi Biotec, Bergisch Gladbach, Germany)
and mounted with 7 μL 4’,6-diamidino-2-phenylindole
(DAPI); the cells were observed and counted under a
microscope (Table 1 and Figure 2).
The Protein Chip System for Multi-tumor Marker
Detection (S20010007, Huzhou Shu Kang Biological
Technology Co., Ltd.) was used in this study. This
protein biochip measures 12 tumor markers in the
serum, including cancer antigen CA125, CA15-3,
CA19-9, CA242, α-fetoprotein (AFP), carcinoembryonic
antigen (CEA), human growth hormone (HGH)‚
prostate specific antigen (PSA), free-prostate specific
antigen (f-PSA), β-human chorionic gonadotropin
(β-HCG), neuron-specific enolase (NSE), and ferritin
(FER). The serum tumor markers were evaluated with

pathological result revealed a squamous cell carcinoma
localized in the lower esophagus (Figure 1), 5.5 cm
× 5.5 cm × 1.2 cm in size, with a stage classified
as T3N2M; the carcinoma tissue invaded the entire
esophageal wall. The patient presented lymph node
metastases involving the paraesophageal lymph
node (1/4), subcarinal lymph node (2/13), cardia
lymph node (1/2), left gastric lymph node (2/5),
and inferior pulmonary vein lymph node (1/1). He
was treated with chemotherapy with an NP program
(cisplatin + vinorelbine), followed by radiation therapy
using DT4860cGy/27f/5w. After three months, when
a metastasis was found in the bone, the patient
received body γ-knife treatment using a boost dose
in the mediastinal lymph nodes and abdominal lymph
nodes, followed by completion of the second, third,
and fourth cycles of chemotherapy, with the same
treatment options as before (NP program). At 48
wk postoperation, a metastasis in the lower lobe of
the right lung was identified, and a localized γ-knife
at 4.8 Gy was employed for 10 cycles of treatment.
The chemotherapy plan was then switched to the GF
program (gemcitabine + fluorouracil + leucovorin)
for three cycles (the fifth, sixth, and seventh cycles).
Subsequently, the patient underwent traditional
Chinese drug therapy and exhibited a stable condition.
The follow-up process was conducted with informed
consent by the patient, and the patient cooperated
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Figure 2 Immunofluorescence analysis of peripheral blood circulating tumor cells collected three months postoperation. The circulating tumor cells (CTCs)
were nucleated and elliptical or elongated, larger than 10 μm, expressed cytokeratin (CK) (CK8/18/19-fluorescein isothiocyanate staining; the epithelial-derived cells
are stained in green), lacked CD45 (CD45-phycoerythrin-stained leukocytes are in red), and were positive for 4’,6-diamidino-2-phenylindole (DAPI) nuclear staining
(blue-stained nuclei). Some CTCs exhibited morphologically apoptotic features. A single CTC (green) and leukocytes (red) can be observed in fields A-D. A: A CTC
stained with anti-CK8/18-FITC (green); B: A leukocyte stained with anti-CD45-PE (red); C: DAPI-stained nuclei; D: Merged image of A-C; E-H: Clusters of tumor cells,
CTCs are green (E), leukocytes are red (F), and nuclei are stained with DAPI (G), the merged image of E-G (H); I-K: Enlargements of the boxes above, in which
nuclear apoptotic features can be observed in the CTCs.

several replicates during the follow-up. The levels of
these markers fluctuated slightly within normal ranges.
Under a fiber microscope, tissue abnormalities
indicative of structural disorder and loss of normal
polarization in the epithelial structure were observed.
The cells were irregularly arranged, showing dense
nuclear staining, a higher nucleus/cytoplasm ratio, and
increased mitotic activity. The immunohistochemistry
results revealed cytokeratin (CK) AE1/AE3 (+++), CK17
(++), p63 (++), p53 (++), epidermal growth factor
receptor (EGFR) (+), CK7/20 (-) and CEA (-) in the
tumor cells, with a Ki67 index of approximately 70%. At
every patient visit, CT/positron emission tomographyCT (PET-CT), MRI, or a bone scan was performed at the
physician’s discretion.
Examination results (pre- and postoperative, as
well as five-year follow-up) were collected. The followup occurred after every treatment or recurrence for
a period of five years. The changes in CTC numbers
were nearly consistent with the imaging results,
thereby possibly reflecting the disease progression and
treatment efficacy, as shown in Table 1.

WJG|www.wjgnet.com

DISCUSSION
Esophageal carcinoma has a poor prognosis and high
[2]
malignancy, with 20%-30% five-year survival rate .
Effective diagnosis and treatment can prolong the
[10]
survival of patients with malignant tumors . To date,
p53, squamous cell carcinoma (SCC), p5-Ab, CEA, and
cytokeratin 19 fragments (CYFRA21-1) are used for
esophageal carcinoma, but their sensitivity is as low
[11]
as 11%-40% . The patient in this study successively
underwent CEA, AFP and other serum tumor marker
quantitative tests initially, after therapy and treatments
or metastases points during five years of follow-up.
The test results were continuously in normal range,
suggesting that CEA and AFP levels did not reflect
changes in his disease status. However, the SCC and
CYFRA21-1 test was not performed at our hospital,
and we unfortunately did not obtain these data.
Imaging scans have great significance for diagnosis
of esophageal carcinoma. Our study showed that CTC
changes were consistent with imaging results. CTCs
may provide additional tests for metastatic cancer to
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Table 1 Relationship between the number of circulating tumor cells in the peripheral blood and disease progression
Code

Time

Number of
Results of the imaging
CTCs/7.5 mL
study

Pre

Preoperative 2
d

1

Post 1

Postoperative
1 wk

14

Post 2

Postoperative
12 wk

84

Post 3

Postoperative
48 wk

21

Post 4

Postoperative
55 wk
Postoperative
104 wk

15

Post 5

Post 6
Post 7
Post 8
Post 9
Post 10
Post 11
Post 12

Post 13
Post 14

41

Postoperative
14
117 wk
Postoperative
14
178 wk
Postoperative
5
186 wk
Postoperative
3
196 wk
Postoperative
0
207 wk
Postoperative
1
222 wk
Postoperative 1 (suspicious)
238 wk
Postoperative
262 wk
Postoperative
300 wk

Serum tumor marker levels

Disease progression

Treatment

CT revealed wall
thickening of the midlower esophagus, with
a high likelihood of
esophageal carcinoma

Normal levels of CA125, CA15-3,
Preoperative
Surgical treatment
CA19-9, CA242, AFP, CEA, HGH‚ diagnosis of poorly
PSA, f-PSA, β-HCG, NSE and FER
differentiated
squamous cell
carcinoma
CEA 2.4 ng/mL; AFP 1.7 ng/mL
Tumor resection, Postoperative chemotherapy
lymph node
started
dissection
Bone imaging revealed Normal levels of CA125, CA15-3,
Subcutaneous
Treatment by a systemic
an abnormal increase in CA19-9, CA242, AFP, CEA, HGH‚
metastasis and
γ-knife with a boost dose and
salt metabolism in the PSA, f-PSA, β-HCG, NSE and FER
bone metastasis
chemotherapy
10th left front rib
CT revealed occupying CEA 2.0 ng/mL; AFP 1.5 ng/mL
Right lung
Treatment with a localized
nodules in the lower
metastasis
γ-knife and chemotherapy
right lobe, suggesting
metastatic cancer
CEA 2.2 ng/mL; AFP 1.2 ng/mL
Stable condition
Systemic chemotherapy
PET-CT revealed a high Normal levels of CA125, CA15-3,
density of radionuclide CA19-9, CA242, AFP, CEA, HGH‚
in the esophageal
PSA, f-PSA, β-HCG, NSE and FER
residue, suggesting
disease recurrence
CEA 2.1 ng/mL
CEA 2.4 ng/mL
CEA 0.5 ng/mL

Recurrence

Systemic chemotherapy

Disease in
progression
Disease in
progression
Condition
improved
Stable condition

Chemotherapy with Chinese
medicine
Chemotherapy with Chinese
medicine
Chinese medicine

Stable condition
Stable condition
Normal levels of CA125, CA15-3,
CA19-9, CA242, AFP, CEA, HGH‚
PSA, f-PSA, β-HCG, NSE and FER

Stable condition

0

Stable condition

0

Stable condition

Adjuvant treatment with
traditional Chinese medicine
Adjuvant treatment with
traditional Chinese medicine
Adjuvant treatment with
traditional Chinese medicine
Adjuvant treatment with
traditional Chinese medicine
Adjuvant treatment with
traditional Chinese medicine
Adjuvant treatment with
traditional Chinese medicine

CTCs: Circulating tumor cells; AFP: α-fetoprotein; CEA: Carcinoembryonic antigen; NSE: Neuron-specific enolase; FER: Ferritin; HGH: Human growth
hormone; β-HCG: β-human chorionic gonadotropin; f-PSA: Free-prostate specific antigen; CT: Computed tomography.

[12]

supplement the current methods . CTC are used to
predict survival in several metastatic cancers and the
studies investigated that increased number of CTCs
suggested a high risk of disease progression and a
[13-18]
poor prognosis
.
However, few studies have yet reported CTCs in
ESCC patients. In a study of certain digestive tumors,
the presence of two or more CTCs was significantly
correlated with peritoneal dissemination of gastric
or colorectal cancer and pleural dissemination of
[19]
esophageal cancer . We used negative selection
method to obtain CTCs and analyzd by immunocy
tochemistry. In Figure 2, CTCs were nucleated and elliptical
or elongated with a singular or clustered appearance
and larger than 10 μm, expressed cytokeratin, lacked

WJG|www.wjgnet.com

CD45, and were positive for DAPI staining. Some CTCs
exhibited morphologically apoptotic features due to
chemotherapy or radiotherapy.
Our group’s previous studies found CTCs (using a
cutoff value of 5) to be a significant prognostic factor.
The results were confirmed in this case study (Table
1). Initially, one CTC was detected in the peripheral
blood of the patient. The Multi-tumor Marker Detection
was normal. Seven days after surgery, 14 CTCs
presented. Two possible reasons were considered:
first, the patient had lymph node metastases, and
because some of the lymph nodes were around the
gastric artery, they could not be excised completely;
second, the operation procedure may promote tumor
micrometastases. One study reported that CTCs
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Figure 3 Integrated schema of therapy, biomarkers, and assessments performed. The various assessments applied during the treatment in this case study
are displayed. Boxes representing the duration of treatment are presented at the top of the graph. The names of the therapeutic regimens are shown in the boxes.
Changes in circulating tumor cell (CTC) numbers occurred during the different treatments. The carcinoembryonic antigen (CEA) and α-fetoprotein (AFP) markers
maintained low or normal values. NP: Cisplatin + vinorelbine; GF: Gemcitabine + leucovorin calcium + fluorouracil; TCM: Traditional Chinese medicine; PD:
Progressive disease; PR: Partial response; CR: Complete response; RE: Recurrence.

number in breast cancer patients was increased by
85% during the third to fourth postoperative days
and may even rise to 1000 times the original level
[20]
in some cases . CEA and AFP were normal at this
time point, 2.4 ng/mL and 1.7 ng/mL, respectively.
The immunohistochemistry revealed cytokeratin
(CK) AE1/AE3 (+++), CK17 (++), p63 (++), p53
(++), EGFR(+), CK7/20 (-), and CEA (-) in the tumor
cells, with a Ki67 index of approximately 70%. These
indicated that the tumor cells were cytokeratin-positive
and actively proliferating and confirmed that we could
obtain CTCs based on cytokeratin markers. After
chemotherapy, three months (12 wk) postoperation,
bone and subcutaneous metastases were found
through imaging, and CTCs rose to 84 per 7.5 mL of
peripheral blood.CEA and AFP remained within normal
ranges. After an initial response, three additional rounds
of chemotherapy were performed. After one year (48
wk, a lung metastasis was found by CT scan, and
the number of CTCs was 21 per 7.5 mL of peripheral
blood. CEA and AFP were still normal. Concurrently, the
patient attempted to use traditional Chinese medicine
(TCM) in addition to the chemotherapy. One part of the
medicine was Astragalus. Many studies have shown
that Astragalus membranaceus polysaccharide can
promote antitumor activity via improving the immune
[21]
responses of the host organism .
After 104 wk, a PET-CT examination revealed a
relapse, and CTCs was increased to 41 per 7.5 mL,

WJG|www.wjgnet.com

concordant with the PET-CT results. After integrative
anti-tumor therapy with TCM, the patient was stable.
CTCs after 186 wk decreased to three from 14 at
117 wk, and the patient had no abnormalities by
radiographic examination. The patient is currently in
a stable condition. The CTC counts and the treatment
and test results are summarized in Figure 3. The
CTCs were increased postoperatively, and the CTC
concentration was maintained at a high level after
radiotherapy and chemotherapy. Bone and lung
metastasis relapses occurred during this period. With
the integrative therapy, the CTC number dropped,
and the patient attained a stable status. During
the follow-up, CTC enumeration could effectively
complement imaging studies, especially for patients
with normal serum markers. CTC also indirectly
reflects the reactivity of the metastatic cancer cells to
[22]
a chemotherapeutic drug . Most importantly, the CTC
test is noninvasive and allows successive detection of
CTCs to monitor tumor metastasis or recurrence. As a
real-time dynamic screening method, CTC technology
will be greatly improved and widely applied in cancer
diagnosis and treatment.

COMMENTS
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Case characteristics

A 47-year-old male patient was referred for dysphagia in February 2009. An
esophageal barium meal and computerized tomography (CT) scan determined
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the presence of esophageal carcinoma.

7

Clinical diagnosis

The patient was diagnosed with poorly differentiated squamous cell carcinoma
by imaging and biopsy. The authors conducted a 5 year follow-up of patients, to
evaluate the therapeutic effect and disease progression.

Differential diagnosis

Serum tumor markers, imaging and circulating tumor cells (CTCs) detection
were used to monitor disease tumor progression and treatment efficacy of the
patient.

8

Laboratory diagnosis

Serum tumor markers of the patient maintained among normal range. The
number of circulating tumor cells in patients fluctuated with the disease and
treatment response and coincident with the imaging diagnosis.

9

For this cases, CT scan and esophageal barium meal showed squamous cell
carcinoma in the in the lower esophagus. Twelve weeks after operation, the
patient performed Bone imaging.

10

Imaging diagnosis

Pathological diagnosis

The immunohistochemistry results revealed cytokeratin (CK) AE1/AE3 (+++),
CK17 (++), p63 (++), p53 (++), epidermal growth factor receptor (+), CK7/20
(-), and carcinoembryonic antigen (-) in the tumor cells, with a Ki67 index of
approximately 70%.

11

Treatment

The patient received tumor resection and lymph node dissection. Further
treatments including radiotherapy, chemotherapy and traditional Chinese
medicine were performed.

Related reports

12

Experiences and lessons

13

Very few cases of circulating tumor cells in esophageal squamous cell
carcinoma (ESCC) patients have been reported in the literature.
CTCs detections of the ESCC patient were reported in this case and analyzed
the consistence with the disease progression. With more researches, CTCs
are expected to provide support to monitor the disease status and treatment
efficacy.

14

Peer-review

This manuscript is overall interesting, but some revision is needed.
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CASE REPORT

Refractory diarrhea: A paraneoplastic syndrome of
neuroblastoma
Wei Han, Huan-Min Wang

Abstract

Wei Han, Huan-Min Wang, Oncology Department, Beijing
Children’s Hospital, Capital Medical University, Beijing 100045,
China

Neuroblastoma (NB) is the most common extracranial
solid tumor in children. Diarrheal NB is quite rare and
is not easy to diagnose in the early stage. Six cases of
diarrheal NB in our hospital treated from 1996 to 2006
were retrospectively analyzed, including characteristics
such as electrolyte imbalance, pathologic features,
vasoactive intestinal peptide (VIP) immunohistochemical
staining results, treatment, and prognosis. All patients
were boys with 3-8 loose or watery stools each day
and routine fecal tests were normal. Abdominal tumors
were identified by B-ultrasound. Drugs were ineffective.
Three patients underwent surgery, and the remaining
three patients received surgery and chemotherapy.
Diarrhea stopped after treatment in five patients. Two
patients died due to intractable hypokalemia. The tumor
was located in the adrenal gland in four patients, in
the upper retroperitoneum in one patient, and in the
presacral area in one patient. Pathologic findings were
NB and ganglioneuroblastoma. Five patients were
at clinical stage Ⅰ-Ⅱ, and one was at stage Ⅲ. Four
patients survived (followed-up for 6 mo to 4 years).
Immunohistochemical staining for VIP was positive.
Refractory diarrhea is a paraneoplastic syndrome of NB
and is rare. Patients aged 1-3 years who present with
chronic intractable diarrhea should be followed closely.
Intractable diarrhea, hypokalemia, and dysplasia are
the initial clinical manifestations. Increased VIP is
characteristic of this disease. Potassium supplementation
plays a vital role in the treatment procedure, especially
preoperatively. The prognosis of diarrheal NB is good
following appropriate treatment.
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consistent in five cases, and abdominal tumors were
identified by B-ultrasound.
Two patients underwent preoperative chemo
therapy, in one case diarrhea stopped after 1 mo of
chemotherapy, in the other patient, diarrhea was
reduced and stopped after surgery. Three cases
underwent surgery without preoperative chemotherapy,
diarrhea stopped in two patients after surgery, and one
patient died during surgery. One patient visited a doctor
due to abdominal pain and a tumor was identified;
diarrhea began after preoperative chemotherapy and
the symptoms were obvious even after tumor resection.
Water and electrolyte imbalance and malnutrition
were difficult to correct and the patient died. The
main characteristics were chronic dehydration, intrac
table hypokalemia, chronic malnutrition, and growth
retardation. Potassium was as low as 1.3 mmol/L, and
potassium supplementation by routine daily peripheral
venous infusion was generally ineffective, and a high
concentration of potassium infused intravenously was
necessary. ECG monitoring was necessary in these
patients to prevent cardiac arrest. Blood vessel leakage
and skin necrosis occurred in one patient following
the infusion of high concentrations of potassium via
a peripheral vein. Although patients may adapt to
chronic hypokalemia, correction of hypokalemia before
surgery is necessary. One of the six cases, whose
preoperative serum potassium was 2.8 mmol/L, was
not cured, and cardiac arrest occurred during the
operation; serum potassium at that time was 1.8
mmol/L. It is noteworthy that even if the preoperative
serum potassium had been corrected (4.84 mmol/L),
hypokalemia (1.8 mmol/L) would still have occurred
during surgery, and serum potassium should be
monitored frequently during surgery.
Of the six patients included in this study, the
tumors were located in the adrenal gland in four cases,
in the upper retroperitoneum in one case, and in the
presacral area in one case. Pathologic findings were
NB and ganglioneuroblastoma. Five patients were
clinical stage Ⅰ-Ⅱ, and one case was stage Ⅲ. Four
patients survived (followed-up for 6 mo to 4 years).
It is generally believed that diarrhea is related to VIP
[4]
secretion by the tumor . The immunohistochemical
staining results are shown in Figure 1.

Core tip: Neuroblastoma (NB) is the most common
extracranial solid tumor in children. Diarrheal NB is quite
rare and is not easy to diagnose in the early stage. Six
cases of diarrheal NB were retrospectively analyzed,
including characteristics such as electrolyte imbalance,
pathologic features, vasoactive intestinal peptide
immunohistochemical staining results, treatment, and
prognosis.
Han W, Wang HM. Refractory diarrhea: A paraneoplastic
syndrome of neuroblastoma. World J Gastroenterol 2015;
21(25): 7929-7932 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i25/7929.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i25.7929

INTRODUCTION
Neuroblastoma (NB) is the most common extracranial
solid tumor in children, and the primary tumor can
be located in any part of the sympathetic chain or the
[1]
adrenal medulla . The tumor is most commonly found
in the abdomen (75%), followed by the mediastinum
[2]
(20%) and the neck (5%) . Retroperitoneal NB
is initially enigmatic, leading to progression and a
poor prognosis. Patients with diarrhea as the main
[3]
symptom, namely diarrheal NB, are quite rare . Con
sequently, diarrheal NB is not easy to diagnose in the
early stage of the disease. In this article, data from
six patients with diarrheal NB treated in our hospital
from 1996 to 2006 were retrospectively analyzed,
including characteristics such as electrolyte imbalance,
pathologic features, vasoactive intestinal peptide (VIP)
immunohistochemical staining results, treatment, and
prognosis.

CASE REPORT
According to the diagnostic criteria for NB, we deve
loped the following criteria for inclusion of patients
in the study: an increase in urinary catecholamine
metabolites, consistent with a primary or metastatic
tumor determined by NB or pathologic features
from a tissue biopsy, and NB cells were detected
in bone marrow. Patient information was collected,
including sex, age, clinical manifestations, labora
tory tests, imaging studies, treatment, pathologic
findings, and follow-up results. VIP was measured
by immunohistochemical staining. From the year
1996 to 2006, a total of six cases of diarrheal NB
were admitted to our hospital. All patients were boys.
The minimum age at diagnosis was 1 year and the
maximum age was 2 years 6 mo. Diarrhea occurred
from the age of 9 mo to 2 years. The time from when
diarrhea occurred to diagnosis ranged from 4 mo to 1
year. Loose or watery stools occurred 3-8 times each
day, and routine fecal tests were normal. Drugs were
ineffective. Diarrhea was the first symptom and was

WJG|www.wjgnet.com

DISCUSSION
NB is the most common extracranial solid tumor in
children, and the primary tumor can be located in
any part of the sympathetic chain or the adrenal
[5]
medulla . The tumor most commonly occurs in the
abdomen (75%), followed by the mediastinum (20%)
and the neck (5%). Retroperitoneal NB is initially
[6]
occult, leading to progression and a poor prognosis .
Due to a lack of B-ultrasound newborn screening,
early identification of NB is mainly dependent on
[7]
[8]
[9]
initial symptoms . Fever , limb pain , abdominal
[10]
mass, abdominal pain , and lower limb weakness
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A

B

Figure 1 Immunohistochemical staining showing vasoactive intestinal peptide positivity. A: The vasoactive intestinal peptide mainly expressed in cytoplasm
[hematoxylin-eosin (HE) × 4]; B: The cytoplasm was dyed brown (HE × 100).

are the most common clinical manifestations in the
majority of patients. Patients with diarrhea as the main
symptom, suggestive of diarrheal NB, are quite rare.
Consequently, it is not easy to diagnose in the early
stage of the disease.
Intractable diarrhea is due to the tumor secreting
large amounts of VIP, and these children usually
present with secretory diarrhea, hypokalemia, and
[11]
achlorhydria . VIP acts on the intestinal epithelial cells
via the blood circulation, causing excessive secretion
of intestinal fluid and promoting pancreatic juice and
bile secretion, and further exacerbating the loss of
water and electrolytes. Secretory diarrhea is the most
obvious symptom of the disease, and our patients
suffered from serious watery diarrhea that lasted a
long time, and was not relieved even after 72 h of
fasting, which led to the diagnosis. In 1952, Hawfield
and Daisly reported a case of adrenal neuroblastoma
with chronic diarrhea where the diarrhea stopped
[12]
after removal of the tumor . Other investigators also
reported ganglioneuroma and ganglion NB with watery
diarrhea, hypokalemia, and achlorhydria syndrome
[13]
in 1973 . They detected high levels of VIP in the
patients’ serum or tumor. Using peroxidase-antiperoxidase staining assays, immunohistochemical
methods, VIP serum level, and tumor tissue staining,
they also found that the ganglion-like tumor cells were
positive, but undifferentiated NB cells were negative.
VIP was first isolated in 1970 from pig small
[14]
intestines . It has been confirmed that the central
nervous system and the sympathetic ganglion neurons
are also rich in VIP. This peptide is composed of 28
amino acids and its main function is to dilate blood
vessels, to inhibit histamine, which can stimulate
gastric acid secretion resulting in achlorhydria, and
stimulate the secretion of intestinal fluid resulting in
excessive watery diarrhea. Normal amounts of VIP can
be inactivated by the liver, and its physiologic function
is insignificant. When ganglion cells proliferate, such as
in tumors, and secrete excessive VIP, watery diarrhea
syndrome occurs.
Some researchers have proposed the concept
of “VIP secreting tumors”, and these tumors include
pheochromocytoma, mast cell tumors, non-B cell

WJG|www.wjgnet.com

hyperplasia, and medullary thyroid carcinoma. Re
fractory watery diarrhea in children is mainly due to high
VIP levels in plasma. Such cases were first reported
[15]
by Ghishan et al
in 1979. VIP secreting tumorinduced diarrhea is characterized by watery diarrhea,
hypokalemia, and alkalosis (WDHA syndrome). This
syndrome is most common in children aged one year
to three years, and should be included in the differential
diagnosis of pediatric chronic diarrhea.
In summary, diarrheal NB is a rare disease that
is difficult to identify in the early stage. Patients aged
1-3 years who present with chronic intractable dia
rrhea should be followed closely. Intractable diarrhea,
hypokalemia, and dysplasia are the initial clinical
manifestations. An increased level of VIP is characteristic.
Attention should be paid to potassium supplementation,
which plays a vital role in the treatment procedure,
especially preoperatively. In order to prevent sudden
cardiac death, monitoring of electrolytes and ECG
changes during surgery is important. The prognosis of
diarrheal NB is good following appropriate treatment.
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COMMENTS
Case characteristics

Intractable diarrhea, hypokalemia, and dysplasia are the initial clinical
manifestations of diarrheal neuroblastoma.

Clinical diagnosis

All patients were boys who had 3-8 loose or watery stools each day, abdominal
tumors, and normal routine fecal tests.

Differential diagnosis

The differential diagnosis of patients aged 1-3 years who present with chronic
intractable diarrhea should include diarrheal neuroblastoma.

Laboratory diagnosis

Routine fecal tests were normal.

Imaging diagnosis

Abdominal tumors were identified by B-ultrasound in all cases.

Pathological diagnosis

Pathologic findings were neuroblastoma or ganglioneuroblastoma with positive
immunohistochemical staining for vasoactive intestinal peptide.
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Treatment
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Related reports

8

Tumor resection and potassium supplementation play a vital role in the
treatment procedure.
Such cases were first reported by Ghishan et al in 1979.

Experiences and lessons

9

Patients aged 1-3 years who present with chronic intractable diarrhea should
be followed closely and potassium supplementation plays a vital role in the
treatment procedure, especially preoperatively.

10

Peer-review

This manuscript is very interesting. Diarrheal neuroblastoma is quite rare.
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Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing

II

Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Ying-Mo Shen, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
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Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague
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Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim

III

Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
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Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce
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EDITORIAL

Esophageal cancer: Risk factors, screening and endoscopic
treatment in Western and Eastern countries
María José Domper Arnal, Ángel Ferrández Arenas, Ángel Lanas Arbeloa

Abstract

María José Domper Arnal, Ángel Ferrández Arenas,
Department of Gastroenterology, University Hospital LB, Aragon
Health Research Institute, IIS Aragon, 50009 Zaragoza, Spain

Esophageal cancer is one of the most unknown and
deadliest cancers worldwide, mainly because of its
extremely aggressive nature and poor survival rate.
th
Esophageal cancer is the 6 leading cause of death
th
from cancer and the 8 most common cancer in
the world. The 5-year survival is around 15%-25%.
There are clear differences between the risk factors of
both histological types that affect their incidence and
distribution worldwide. There are areas of high incidence
of squamous cell carcinoma (some areas in China)
that meet the requirements for cost-effectiveness of
endoscopy for early diagnosis in the general population
of those areas. In Europe and United States the
predominant histologic subtype is adenocarcinoma. The
role of early diagnosis of adenocarcinoma in Barrett’s
esophagus remains controversial. The differences in the
therapeutic management of early esophageal carcinoma
(high-grade dysplasia, T1a, T1b, N0) between different
parts of the world may be explained by the number of
cancers diagnosed at an early stage. In areas where
the incidence is high (China and Japan among others)
early diagnoses is more frequent and has led to the
development of endoscopic techniques for definitive
treatment that achieve very effective results with a
minimum number of complications and preserving the
functionality of the esophagus.
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Core tip: Esophageal cancer is a disease with a nonth
negligible impact, being the 6 leading cause of death
from cancer, and with a very high morbidity and
mortality due to diagnosed in advanced stages. A better
understanding of the epidemiology, the natural history,
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and the risk factors could lead to an earlier diagnosis
and treatment by endoscopic methods or by other less
aggressive techniques. As a result, we could improve
treatment outcomes, even though less aggressive
modalities. This article provides a global perspective by
comparing the management of esophageal cancer in
Western and Eastern countries with particular emphasis
on current prevention strategies.

are around 23 cases/100000 person-years and 16
cases/100000 person-years for females. In South
[4]
Africa similar rates for males have been estimated .
Mortality rates follow, overall, a major parallelism with
[5]
incidence rates in each country (Figure 1). Regarding
race, age-adjusted mortality for black individuals have
a tendency to decrease, but still it is two-fold higher
[2]
compared to Caucasians (7.79 vs 3.96, P < 0.05) .
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RISK FACTORS
Risk factors of esophageal cancer are slightly different
between the two major subtypes.

Risk factors for squamous carcinoma

Gender and race: Squamous cell carcinoma is the
most frequent histological type in black individuals and
white women, while adenocarcinoma is predominant in
[2]
white men (P < 0.001) . The incidence of esophageal
squamous cell carcinoma is generally higher in men
than women in most countries, and black men,
[4]
compared to whites in the United States .

EPIDEMIOLOGY OF ESOPHAGEAL
CANCER
th

Esophageal cancer is the 6 leading cause of death
th
from cancer and the 8 most common cancer in the
world. The 5-year survival is around 15%-25% and
the best results are related to early diagnosis, which is
[1]
commonly known as "early stages" .
Esophageal squamous cell carcinoma is the
predominant histological type worldwide. However,
at present, in countries like United States, Australia,
United Kingdom and Western Europe (Finland, France,
Norway), there is a preponderance of adenocarcinoma
subtype, having squamous carcinoma moved to
[1]
second place . The so-called “Asian Esophageal
Cancer Belt” encompasses areas such as Turkey, Iran,
Kazakhstan and northern and central China, with
an estimated esophageal squamous carcinoma of
more than 100 cases/100000 person-years. Another
area with high incidence of squamous cell carcinoma
is southeastern Africa, with similar rates to those
observed in Eastern countries. In the United States,
from 1975-2004, the age-adjusted incidence in white
males has increased from 5.76 to 8.34 cases/100000
person-years at the expense of the adenocarcinoma
histological subtype. Nevertheless squamous
carcinoma remains the most common subtype in
American black males, but still adenocarcinoma, is one
of the few cancers that contributes to an increased
[2]
mortality from cancer among American men . The
trend towards dominance of adenocarcinoma subtype
is not limited only to North America. In European
countries like the United Kingdom, France or Norway
the age-adjusted incidence increased by 39.6% for
[1]
men and 37.5% for women in the last five years .
There is also a significant difference between gender
distributions; the incidence of this disease is about
[3]
2-4 fold higher among males compared to females .
The incidence rates of squamous neoplasia in men
in the territory of “Asian Esophageal Cancer Belt”
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Smoking: Smoking is one of the major risk factor
for developing esophageal squamous carcinoma.
Smokers have a 5-fold risk of developing this disease
[4]
compared to non-smokers . However, there are parts
of the world where smoking is not such an important
risk factor and racial differences could account for
these geographical differences. In a prospective study
of risk factors for esophageal cancer in the province
of Linxia, China, smoking was not an important risk
factor compared to other parts of the world, while dietrelated factors seem to play a major role in esophageal
carcinogenesis. A study from Taiwan compared current
and former smokers to people who never smoked
and found that the OR was 4.2 and 3.4 respectively
for smokers and former smokers compared to people
[4]
without this habit .
Alcohol: Alcohol is a clear risk factor for squamous
carcinoma. The relative risk (RR) increases with the
amount of alcohol ingested varying between 1.8 and
[4]
7.4 depending on the weekly volume . The intake of
certain types of drink creates worldwide “hot spots” of
squamous cell carcinoma of the esophagus in areas
of Northern France consuming Brandie, corn beer
in Southeast Africa, distilled sugary drinks in Puerto
Rico, or certain whiskies in Carolina, United States.
In Northern China, alcohol is not consumed regularly
and therefore the risk associated with this habit is not
[4]
relevant .
Diet and nutrients: Tea, mate and coffee have been
extensively studied as potential risk factors associated
with esophageal carcinoma and its geographical
distribution, particularly in regions of South America.
There is little evidence for carcinogenicity relationship
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Figure 1 Estimated age-standardized rates per 100000. Year 2012. Modified from IARC, GLOBOCAN[5].

through its components except for mate, which
has been linked for both amount consumed and
[4]
temperature . Foods rich in nitrogenous components
are historically related to the high incidence of
squamous cell carcinoma in certain regions of China.
A meta-analysis published in 2003, shows an OR of 2
for individuals who eat foods rich in such compounds
[4]
compared to those who do not .
The “chewers of areca nut” (often mixed with
tobacco), are common in regions such as Southeast
Asia and India and have been linked to the develop
ment of squamous carcinoma. In Taiwan, where the
tobacco is not included in the chewable mixture, the
[4]
OR for chewers is 2.3 . Similarly, people living in
developing countries that have significant deficits of
minerals and vitamins, mainly due to low intake of
[4]
foods like fruits and vegetables also have an OR of 2 .

genetic susceptibility factors in the development of
squamous carcinoma, especially in heavy alcohol and
tobacco users. Two nucleotide polymorphisms (SNPs,
single nucleotide polymorphisms) deserve special
attention because encode enzymes metabolizing
alcohol: alcohol dehydrogenase 1B (rs1229984, OR =
1.79) and aldehyde dehydrogenase 2 family (rs671,
OR = 1.67). Other GWAS found association at two
loci, one located in the enzyme phospholipase C and
another in a particular region of chromosome 20
[3]
(C20orf54) . Regarding association with squamous
carcinoma a GWAS dataset that included 453852 SNPs
from 1898 squamous carcinoma patients and 2100
control subjects of Chinese population was reviewed.
The authors identified candidate causal SNPs, and
pathways (ICSNPathway) analysis identified seven
candidate SNPs, five genes, and seven pathways,
which together revealed seven hypothetical biological
mechanisms. The three strongest hypothetical
biological mechanisms were rs4135113, rs1800450
[6]
and rs3769823 .

Genetics: There are conditions with a genetic basis,
such as Tylosis, an autosomal dominant disease,
that are clearly related to the development of
esophageal squamous carcinoma. Familial aggregation
in population of high incidence of esophageal
carcinoma, such as northern regions of China has
[4]
also been reported . Four genome-wide association
studies (GWAS), three of them conducted in Chinese
population and one in Japanese population have shown
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Risk factors for esophageal adenocarcinoma

Gender and race: The incidence of esophageal
adenocarcinoma is 8-fold more common in men than
in women and 5-fold more common in whites than in
[4]
blacks in the United States .
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Gastroesophageal reflux disease and Barrett’s
esophagus: The prevalence of gastroesophageal
reflux disease (GERD) in the Western population is
about 10%-20%, and about 30 to 60 million people in
the United States. This entity is capable of producing
esophageal adenocarcinoma directly or, more
commonly, through an intermediate pre-neoplastic
lesion, the Barrett's esophagus (BE). The increased
incidence of BE in the last 30 years, is correlated with
an increased incidence of adenocarcinoma in the
same period. Barrett’s esophagus is a pre-malignant
lesion that develops in 6%-14% of patients with
GERD and of which, around 0.5%-1% will develop
[4]
adenocarcinoma . In a study performed in Spain,
the incidence of adenocarcinoma during follow-up
of patients with BE was 0.48% per year (95%CI:
0.006%-2.62%), for an incidence of 1 per 210 patient[7]
years . The largest study is a nationwide, populationbased, cohort study conducted in Denmark, involving
all patients with BE during the period from 1992
through 2009, using data from the Danish Pathology
Registry and the Danish Cancer Registry. The study
included 11028 patients with BE for a median of 5.2
years. The incidence rate for adenocarcinoma was 1.2
cases per 1000 person-years (95%CI: 0.9-1.5). As
compared with the risk in the general population, the
RR of adenocarcinoma among patients with BE was
11.3 (95%CI: 8.8-14.4). However, the annual risk
of esophageal adenocarcinoma was 0.12% (95%CI:
0.09-0.15). Current surveillance guidelines assume
a risk for adenocarcinoma of 0.5%-1%, far from the
results obtained in this study. Detection of low-grade
dysplasia was associated with an incidence rate for
adenocarcinoma of 5.1 cases per 1000 person-years
compared to 1.0 case per 1000 person-years among
patients without dysplasia. These data question the
rationale for ongoing surveillance in patients who have
[8]
Barrett’s esophagus without dysplasia .

incidence of GERD, and second a hormonal-dependent
mechanism mainly mediated by inflammatory markers
[4]
that are secreted by adipocytes .
Tobacco, alcohol and nutritional deficit: Alcohol
is not related to the presence of adenocarcinoma, but
smoking tobacco is a known risk factor, with an OR of
[11]
2.7 (95%CI: 1.64-4.45) relative to non-smokers .
In a Swedish population study, an inverse rela
tionship was found between intake of total dietary fiber
and the presence of adenocarcinoma of the gastroesophageal junction. Similarly, in a United States casecontrol study it was found that a diet rich in vitamins,
fruits and vegetables protect against the development
[4]
of this disease .
Drugs: Observational studies with a large number
of patients showed that the use of non-steroidal
anti-inflammatory drugs (NSAIDs), proton pump
inhibitors (PPIs) and statins in patients with BE,
[4]
reduced the progression to adenocarcinoma . The
most studied agents have been acid suppressants.
A systematic review with meta-analysis of studies
evaluating the association between PPIs and histamine
receptor antagonists (H2RAs) and risk of esophageal
adenocarcinoma or high-grade dysplasia (HGD)
in patients with BE has been recently published.
The authors identified seven observational studies
(2813 patients with BE, 317 cases of esophageal
adenocarcinoma or HGD, 84.4% PPI users). On metaanalysis, PPI use was associated with a 71% reduction
in risk of esophageal adenocarcinoma and/or HGD
in patients with BE (adjusted OR = 0.29; 95%CI:
0.12-0.79). There was a trend towards a doseresponse relationship with PPI use for > 2-3 years
protective against esophageal adenocarcinoma or HGD
[three studies; PPI use > 2-3 years vs < 2-3 years: OR
= 0.45, (95%CI: 0.19-1.06) vs OR= 1.09 (95%CI:
0.47-2.56)]. Considerable heterogeneity was observed.
Two studies reported the association between H2RA
use and risk of esophageal adenocarcinoma and/or
HGD (1352 patients with BE, 156 cases of esophageal
adenocarcinoma, 25.4% on H2RAs), and both studies
[12]
did not show a significant effect . The largest study
was published short after and challenged these results.
In such nationwide case-control study carried out
in Denmark, no cancer-protective effects from PPI’s
were seen. In fact, among 9883 patients with a new
diagnosis of BE the authors identified 140 cases with
incident esophageal adenocarcinomas and/or highgrade dysplasia, with a median follow-up time of 10.2
years. The relative risk of esophageal adenocarcinoma
or high-grade dysplasia was 2.2 (95%CI: 0.7-6.7) and
3.4 (95%CI: 1.1-10.5) in long-term low- and highadherence PPI users respectively. Such results could
partly be due to confounding by indication or a true
negative effect from PPIs. Based on these results and
until the results from future studies can elucidate what

Obesity: Obesity is a major and consistent risk factor
for the development of esophageal adenocarcinoma.
It has become a serious public-related disease in
developed countries. By 2015, an estimated 75% of
the American people will be overweight (BMI > 25)
and 41% obese (BMI > 30). The OR of developing
adenocarcinoma is 1.52 (95%CI: 1.33-1.74, P
< 0.0001) for those with BMI in the 25-30 rank
compared with those who have normal-weight. A
high BMI (> 25) was associated with an increased
risk of oesophageal adenocarcinoma (males, OR =
2.2; 95%CI: 1.7-2.7; females, OR = 2.0; 95%CI:
[9]
1.4-2.9) . Higher levels of BMI were associated
with increased risk of oesophageal adenocarcinoma
(overweight males, OR = 1.8; 95%CI: 1.5-2.2; obese
[10]
males, OR = 2.4; 95%CI: 1.9-3.2) . Two main
mechanisms have been proposed for the development
of esophageal adenocarcinoma in obese patients. First,
a physical mechanism involving an increase in the
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Table 1 Risk factors for squamous cell carcinoma and adenocarcinoma of the esophagus
Risk factor
Geography
Race
Gender
Alcohol
Tobacco
Obesity
GERD
Diet: Low fruits and vegetables
Socioeconomic conditions
Genetic aspects

Squamous cell carcinoma

Adenocarcinoma

Southeastern Africa, Asia, Iran, South America
Black > White
Male > Female
++++
++++
++
++
++

Western Europe, North America (United States), Australia
White > Black
Male > Female
++
+++
++++
+
+

GERD: Gastroesophageal reflux disease; +: Associated risk; -: No risk associated. Modified from[4].

the association might be, continuous PPI therapy might
not be necessary in all patients and could be directed
[13]
at symptom control .

detection at an early stage would improve outcomes of
mortality significantly. Squamous dysplasia is the pre
cursor lesion of esophageal squamous cell carcinoma;
Barrett’s esophagus is the pre-neoplastic lesion
[16]
preceding adenocarcinoma .

Genetic aspects: Very recently, it has been demon
strated using GWAS, that risk of BE and esophageal
adenocarcinoma is influenced by many germline
genetic variants of small effect and that shared
polygenic effects contribute to the risk of these
two diseases. In fact, the authors found that the
genetic correlation between BE and esophageal
adenocarcinoma was high (rg = 1.0; SE = 0.37) and
estimated a statistically significant polygenic overlap
between BE and esophageal adenocarcinoma [onesided P = 1 × 10(-6)]. These data strongly suggest
that shared genes underlie the development of BE and
[14]
esophageal adenocarcinoma .
GWAS type studies have also been conducted to
elucidate susceptibility loci. The first genome-wide
association study of esophageal adenocarcinoma,
together with BE has been recently published. The
most significant results were for cancer and pre-cancer
combined suggesting that much of the genetic basis for
esophageal adenocarcinoma lies in the development of
BE, rather than its to esophageal adenocarcinoma. The
authors found three novel genome-wide significant loci
for esophageal adenocarcinoma and BE combined, and
extended existing findings at the FOXF1 and HLA loci.
One of the novel regions is chromosome 3p13, near
FOXP1, a gene encoding a transcription factor, which
regulates esophageal development. Interestingly, two
of the other regions (BARX1/9q22.32 and FOXF1/
16q24.1) contain risk associated SNPs which disrupt
binding of FOXP1. Further dissection of these loci is
likely to lead to insights into the etiology of this rapidly
[15]
fatal cancer (Table 1).

Screening and surveillance of esophageal
adenocarcinoma

Screening of BE-associated adenocarcinoma by
endoscopy is a worldwide clinical practice although
it has not been proven cost-effective. According to
current guidelines, random endoscopic biopsies should
be taken in all 4 quadrants and each 2 cm of columnar
epithelium, and ideally performed with high-resolution
[17]
endoscopes and NBI (narrow banding imaging) .
The results of large cohort studies suggest that
the annual cancer risk for patients with non-dysplastic
Barrett’s esophagus is low in European populations
[8]
(0.12%-0.40% per year) . Dysplasia within BE lesions
signals a marked increase in cancer risk: the annual
risk is approximately 1% for patients with low-grade
dysplasia and more than 5% for patients with highgrade dysplasia. However, 80% to 90% of cases of
esophageal adenocarcinoma are diagnosed in patients
without known BE. Endoscopic screening results
in detection of BE in 6% to 12% of patients with
prolonged GERD symptoms, most frequently white
[18]
men older than 50 years of age .
A recent review by Spechler and Souza suggests
that people with chronic GERD symptoms and at least
1 risk factor for esophageal carcinoma are suitable for
active endoscopic screening for Barrett’s esophagus
and early adenocarcinoma with adequate surveillance
depending on the lesion found on the index endoscopy
and pathology (Figure 2). The main caveat of such
strategy is that the target population focuses on
GERD patients although around 40% of esophageal
[19]
adenocarcinomas have no prior history of GERD .
In 2006, a systematic review, expert workshop
and economic modelling was performed focused
on Surveillance of BE. Such study identified 3 costutility analyses of surveillance of BE that used Markov
modeling and confined their analysis to 50- or 55-year-

EARLY DIAGNOSIS AND SCREENING OF
ESOPHAGEAL CARCINOMA
Esophageal cancer is a health problem worldwide
with high mortality due to its natural history and the
common diagnosis in advanced stages. Therefore, its
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Chronic GERD symptoms and ≥ 1 risk
factor (1) for esophageal adenocarcinoma

Consider screening endoscopy for Barrett’s esophagus

No Barrett’s esophagus; No further screening

No dysplasia

Barrett’s esophagus

Suspected low-grade dysplasia

Suspected high grade dysplasia or
intramucosal carcinoma

Have diagnosis confirmed by expert pathologist

Every 3-5 yr endoscopy

Every 6-12 mo endoscopy or endoscopy
eradication therapy

Endoscopic eradication
therapy

Figure 2 Algorithm for the screening surveillance, and management of Barrett’s esophagus. Risk factors for esophageal adenocarcinoma: age > ó = 50 years,
male sex, white race, hiatal hernia, elevated body-mass index, intra-abdominal body-fat distribution, or tobacco use. Modified from reference[19].

old white men with GERD symptoms. In one study,
the authors concluded that the only cost-effective
strategy was once in a lifetime screening of 50-yearold white men with GERD, followed by surveillance
of those with dysplasia only. In the other 2 studies
(performed by the same group) surveillance of BE
every 5 years compared with no surveillance was costeffective; however the model was very sensitive to the
incidence of adenocarcinoma and quality of life (utility
value) in the post-esophagectomy state. Moreover,
the incremental cost-effectiveness ratio for 5-yearly
surveillance was no longer within the range usually
[20]
considered cost-effective .
These models are American, so there are almost
certainly differences in practice from Europe and
possible underlying differences in the epidemiology
and natural history of the disease. In European public
services there is a major difficulty in knowing what
proportion of patients with GERD have an endoscopy
and at what stage of the disease, whereas in the
United States, those who present to health services
are more likely to be investigated at an earlier stage.
The costs of the procedures involved are also likely to
be very different.
They key of surveillance may underlie on what
patients may benefit from it. Is dysplasia a good
marker? Should genetic markers be used? A recent
cost-utility analysis from Australia compared (1) No
surveillance; (2) 2-yearly endoscopic surveillance
of patients with non-dysplastic BE and 6-monthly
surveillance of patients with low-grade dysplasia; and
(3) a hypothetical strategy of biomarker-modified
surveillance. In a total of 2040 patient-years of followup and by using best available estimates of the
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malignant potential of BE, endoscopic surveillance of
patients with non-dysplastic BE is unlikely to be costeffective for the majority of patients and depends
heavily on progression rates between dysplasia
grades. However, strategies that modify surveillance
according to cancer risk might be cost-effective, if
high-risk individuals can be identified and prioritized
[21]
for surveillance . However, unless newly emerging
technologies improve the quality-adjusted survival
benefit conferred by endoscopic surveillance, current
strategies are unlikely to be cost-effective in Europe.
Obsolete assumptions and incomplete analyses reduce
the quality of published evaluations. For these reasons
new evaluations are required that encompass the
growing evidence base for new technologies, such as
new endoscopic therapies for high-grade dysplasia and
[22]
intramucosal cancer .
Another fact that should be added in the evaluation
is that, despite the absence of direct evidence from
randomized trials, most but not all observational studies
have shown that patients in whom adenocarcinoma
is detected during endoscopic surveillance for BE are
more likely to have early-stage cancer, receive curative
therapy, and survive longer than symptomatic patients
in whom adenocarcinoma is detected during the clinical
[18]
workout .

Squamous cell carcinoma: Need or not a screening
program?

Esophageal squamous cell carcinoma is the predominant
histologic subtype in Asia and the incidence and
mortality are higher in China than in Japan. In Japan,
the incidence of this disease is declining from the late
90 s to the present. By contrast, in China, esophageal
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cancer is the 4 most frequently diagnosed cancer and
th
the 4 leading cause of death from cancer. Incidence
rates are higher in rural areas of China compared to
urban areas, especially in regions such as Henan, Hebei,
[23]
Linxia and Shanxi . As mentioned before, squamous
dysplasia is a precursor lesion of squamous carcinoma.
It is hardly detectable in asymptomatic individuals and
there is no standardized screening program to detect
[23]
this condition .
In Japan there are controversies about whether
dysplasia should be actively detected by gastro
enterologists. There are no reliable data on the actual
prevalence of dysplasia in Japanese asymptomatic
patients, but a recent study of 1345 asymptomatic
individuals, who underwent endoscopy during a health
check, found a prevalence of dysplasia of 3% in this
population. There are no prospective studies and the
relationship between dysplasia and squamous carcinoma
[23]
development in this population is still unknown .
In China, endoscopic screening in high-risk areas
(defined as an incidence higher than 30 cases per
100000 inhabitants per year) has been shown to
detect precursor lesions in asymptomatic patients
with dysplasia, with high rates of what is known as
“esophageal early cancer”. The main dysplastic lesion
associated with esophageal squamous cell carcinoma
in prospective population studies in the Chinese
region of Linxia is the high-grade dysplasia, which is
associated with an RR of 28.3 (95%CI: 15.3-52.3) for
developing the disease compared to patients who have
[23,24]
a normal esophageal mucosa
.

7.1% of people with low-grade dysplasia, 2.3% with
intermediate grade dysplasia and 1.6% with cancerous
lesions, being 87.32% of them early carcinomas (highgrade dysplasia, carcinoma mucosa-submucosa)
[25]
cases .
The results of several cost-benefit studies about
endoscopic screening of esophageal squamous
carcinoma have shown that such strategy is only costeffective in areas of high incidence of squamous cell
carcinoma, such as in Northern and rural areas of
China. However, some variations may occur even in
high-risk areas. The geographical and the economic
status of the region have a great impact in the onset
of esophageal carcinoma regarding the age of onset,
the number needed to screen, the precursor lesions
that have to be identified and the intervals for a proper
[26,27]
surveillance in people with such lesions
.
A recent study, based on economic parameters
and management, made a comparison between 12
different existing screening methods in high-risk/high
incidence of squamous cell carcinoma in China. The
two key strategies to be followed to ensure costeffective programs taking into account the acceptance
of the population and the distribution of wealth in
different regions were: (1) screening once throughout
life and starting at the age of 50, following up after
5 years of detecting low-grade dysplasia and 3 years
after intermediate-grade dysplasia, for areas with
limited access to healthcare, impoverished and with a
[26]
difficult track the target population economy ; and
(2) screening three times over life, starting at the
age of 40, and monitoring low-grade dysplasia and
intermediate-grade dysplasia as above, for areas with
appropriate access to health care, and economies that
are more advanced and good monitoring program by
[26]
the target population .
One of the questions is whether these results
can be applied to Western countries. There are
no European studies suggesting that endoscopic
screening for squamous esophageal carcinoma is
either necessary or cost-effective. The low incidence
of squamous esophageal carcinoma in the European
population and the predominance of public health
systems might be some of the main reasons why
screening of this condition is not an option even in
individuals with risk factors.

Endoscopy: Endoscopy is the gold standard for
the diagnosis of pre-cancerous squamous lesions.
Squamous dysplasia may go undetected when using
standard endoscopy and therefore chromoendoscopy
techniques have been suggested to improve the
performance of the test. The most simple and effective
for the detection of squamous dysplasia is Lugol
staining. The sensitivity and specificity of white-light
endoscopy for the detection of high-grade dysplasia
and cancer is 62% and 79% respectively, compared
with a much higher sensitivity of 96%, at the expense
of a slight loss of specificity of 63%, when using Lugol
[16]
chromoendoscopy .
Most of the studies, if not all, have been performed
in Asia where the incidence of squamous carcinoma is
high. The prevalence of low, medium, high grade and
invasive carcinoma, using Lugol chromoendoscopy,
are 28%, 21.9%, 6.3% and 0% to 9.5% respectively
in expert hands, and many of these lesions can be
[16]
treated with endoscopic resection . In this regard, a
prospective population study was conducted in 2014
in Henan, one of the areas of Northern China with high
incidence of esophageal carcinoma, in the context of a
screening program with biopsies taken and guided by
chromoendoscopy. A total of 36154 people between
40 and 69 years were examined. The study detected
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Other screening techniques: There are areas in
the world with high incidence of squamous carcinoma,
beyond those already mentioned, where screening
program using the gold standard technique with
Lugol chromoendoscopy have not been shown to
be cost-effective. An Iranian review published in
2013 suggested that new screening strategies,
cheaper and more effective, should be tracked. They
propose combining the individual risk factors of
patients with cytology techniques without endoscopy
and/or tissue or serum markers of risk detected
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the mucosa (T1a), mainly adenocarcinomas in clinical
practice, is 1%-2%, therefore, an endoscopic local
treatment may be considered sufficient as definitive
treatment. In tumors invading the submucosa (T1b),
the risk of nodal metastases exceeds 10%, therefore
a definitive endoscopic treatment is not feasible
[31]
in principle . In this type of tumor stages (highgrade dysplasia, T1a) the most common therapeutic
approach is the combination of endoscopic resection
techniques by means of mucosal resection (EMR) to
remove the neoplastic tissue associated with ablative
techniques such as radiofrequency to remove the
remaining metaplastic/dysplastic residual tissue. Its
therapeutic efficacy is up to 98%, and its potential
complications include bleeding, perforation and
[31,32]
residual stenosis
.
For stage T1a, esophagectomy is seen today as a
second treatment option, with a success rate similar to
endoscopic cancer but with a much larger treatment
morbidity. However, esophagectomy should be
considered in patients in whom the risk of recurrence is
considered high (7%-30%), such as multifocal lesions
and long BE segments associated with neoplasia where
[33]
it is not possible to associate ablative techniques .
A review of 46 studies involving 7645 patients with
esophageal cancer T1N0 concluded that in T1b sm1
adenocarcinomas, well or moderately differentiated
without lymphovascular invasion or lymph node
metastasis, endoscopic treatment is the preferred
option because the rate of lymph node involvement is
lower than suspected (6% in sm1). However, in m3
T1a squamous carcinomas, lymph node involvement is
higher than previously presumed and esophagectomy
[31,32]
with lymphadenectomy should be considered
.

Table 2 TNM esophageal cancer
T: Primary tumor:
Tx: It can not be evaluated
T0: No evidence of primary tumor
Tis: High-grade dysplasia (intra-epithelial neoplasia noninvasive)
T1: Tumor invades own lamina, muscularis mucosae and submucosa:
T1a: Tumor invades own lamina or muscularis mucosae
T1b: Tumor invades the submucosa
T2: Tumor invades the muscularis
T3: Tumor invades the adventitia
T4: Tumor invades adjacent structures:
T4a: Tumor invades resectable pleura, pericardium, or diaphragm
T4b: Unresectable tumor that invades other adjacent structures:
aorta, vertebral body, trachea, etc.
N: Regional lymph nodes:
Nx: They can not be evaluated
N1: Metastasis in 1-2 regional lymph nodes
N2: Metastasis in 3-6 regional lymph nodes
N3: Metastasis in 7 or more regional lymph nodes
M: Distant metastasis:
M0: None
M1: There are distant metastases
Modified from AJCC 2010[29].
[28]

enzimoimmunoassay techniques or micro-RNA .
There is a relatively large number of extraction
techniques without endoscopic for esophageal cytology
which include inflatable balls and sponges, recently
developed, but these techniques have a sensitivity of
only 24%-47% for dysplasia-cancer and 18%-44% for
cancer, despite having good specificity of 81%-92%
and 99%-100% for dysplasia-cancer and cancer
respectively. The low number of suitable samples and
low sensitivity makes them unsuitable for effective
[16]
screening .
Very few studies looking at blood biomarkers on
people of countries with high incidence of squamous
carcinoma have been performed, but most suggest that
these should be used in the future in combination with
[16]
other screening techniques to optimize the results .

Management of EEC in oriental countries

A number of articles from Asia, mainly Japan and
China, have a more aggressive approach from the
point of view of endoscopic management of early
esophageal cancer. T1a and T1b lesions, regardless
of histological type, with confirmed no lymph node
metastases, are managed by endoscopy resection,
since it is considered that this technique has the same
efficacy as esophagectomy. A recently published
population-based study comparing the survival of
both techniques for T0/T1 stages, with a total of 430
patients who received endoscopic treatment over 1586
patients who received surgical treatment showed no
differences in mortality after 2 (endoscopy: 10.5%
vs 12.7% surgery, P = 0.27) or 5 years (endoscopy:
[34]
36.7% vs 42.8% surgery, P = 0.16) of follow-up .
The fundamental treatment of neoplasia at this stage
is suggested to be the combination of definitive
endoscopic treatments such as EMR or ESD (endoscopic
submucosal dissection) with ablative treatments to
eradicate the rest of metaplastic/dysplastic tissue if
[35]
necessary .
The main objective of this approach is to preserve

TREATMENT OF EARLY ESOPHAGEAL
CARCINOMA
Early esophageal carcinoma (EEC) is defined as those
early stages in which the neoplastic involvement does
not exceed the submucosa, and there are no nodes
[29,30]
involved (DAG, T1a, T1b, N0)
(Table 2, Figure 3).
There are big differences among treatment for
early esophageal cancer between Western and Asian
countries. In fact, the Asian attitude is more aggressive
in managing these patients.

Management of ECC in Western countries

Most Western studies convey the idea that the rate of
lymph node metastasis in T1b tumors is too high to be
considered a safe endoscopic therapy as a definitive
treatment for this neoplastic disease. It is estimated
that the risk of nodal metastases in tumors confined to
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Tis
m1

T1a
m2

T1b
m3

sm1

sm2

sm3

Epithelium
Lamina propria

Muscularis mucosae

Submucosa

Muscular

Figure 3 TNM classification. m: Mucosa; sm: Submucosa; 1,2,3: The tumor affects the upper third, middle third or lower third, respectively. Modified from
reference[30].

the esophagus as a functional organ and avoid the
morbidity of surgery at that level. The EMR was the
first endoscopic technique developed. However, it has
its limitations. In a meta-analysis of five case-control
studies that included 319 lesions treated with ESD and
476 lesions treated with EMR it was observed that ESD
shower better “en bloc” and histologically resection
rates, and lower recurrence, without increasing the
incidence of procedure-related complications but at
[36]
the cost of a longer process and higher costs . In
fact, in a similar meta-analysis of 21 studies, 1152
patients and 1240 lesions treated with ESD, with an
average follow-up period between 12 and 53 mo, it
was observed that the rates of resection as a whole
were 99% (95%CI: 99%-100%), and R0 resection
rate of 90%. In lesions less than 25 mm higher a
percentage of R0 resections (92% vs 85%, P < 0.001)
was achieved. The complication rate was very low, the
most significant being stenosis, with an incidence of 5%
(95%CI: 3%-8%). The authors conclude that it is a
[37]
safe and effective technique .

with a high proportion of patients treated with endo
scopic resection strategy.
There has been a shift from squamous carcinoma
to adenocarcinoma as the most frequent histological
type of esophageal carcinoma in fundamental areas of
Europe such as Norway, United Kingdom, in the United
States and in Australia. Differentiating risk factors are
fundamentally obesity, GERD and BE as well as the
influence of toxics such as tobacco. BE is a precursor of
adenocarcinoma, but the rate of cancer transformation
in European and United States populations is low,
which questions surveillance programs and the search
for an early diagnosis of adenocarcinoma in BE, which
is common clinical practice today. In any case, the rate
of detection of early stage adenocarcinoma is lower
in Western countries and treatment, therefore, is less
conservative, with high proportion of patients treated
with surgical techniques to achieve eradication of the
disease.
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EDITORIAL

Familial colorectal cancer screening: When and what to do?
Giovanna Del Vecchio Blanco, Omero Alessandro Paoluzi, Pierpaolo Sileri, Piero Rossi, Giuseppe Sica,
Francesco Pallone

Abstract

Giovanna Del Vecchio Blanco, Omero Alessandro Paoluzi,
Pierpaolo Sileri, Piero Rossi, Giuseppe Sica, Francesco
Pallone, Department of Systems Medicine, Gastroenterology
Unit, University Tor Vergata, 00133 Rome, Italy

Colorectal cancer (CRC) is the third leading cause of
death worldwide and represents a clinical challenge.
Family members of patients affected by CRC have an
increased risk of CRC development. In these individuals,
screening is strongly recommended and should be
started earlier than in the population with average
risk, in order to detect neoplastic precursors, such
as adenoma, advanced adenoma, and nonpolypoid
adenomatous lesions of the colon. Fecal occult blood
test (FOBT) is a non invasive, widespread screening
method that can reduce CRC-related mortality.
Sigmoidoscopy, alone or in addition to FOBT, represents
another screening strategy that reduces CRC mortality.
Colonoscopy is the best choice for screening highrisk populations, as it allows simultaneous detection
and removal of preneoplastic lesions. The choice of
test depends on local health policy and varies among
countries.
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Core tip: One-fifth of people who develop colorectal
cancer (CRC) have a first-degree relative (FDR) affected
by this malignancy. Screening is an efficient method
to reduce mortality for CRC and should be started in
FDRs earlier than in the population at average risk.
There is a large disparity in guidelines for screening in
familial CRC, therefore, here we address the principal
indication and methods for screening in this population
at increased risk. Recent or emerging methods to
improve the participation rate in screening programs
are described. Ongoing trials on CRC screening are also
reported.
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Table 1 Hereditary syndromes associated with high risk of
colorectal cancer and principal involved genes
Syndrome
Lynch syndrome
Familial adenomatous
Attenuated FAP
MUTYH-associated polyposis
Peutz–Jeghers syndrome
Juvenile polyposis syndrome

INTRODUCTION
Colorectal cancer (CRC) remains a major health
problem in industrialized countries, being responsible
for > 550000 deaths annually, and representing the
[1,2]
third leading cause of cancer mortality worldwide .
In Europe in 2012, it is estimated that 3.45 million
new cases of cancer were diagnosed and 1.75 million
patients died from malignant diseases. Concerning
CRC, the annual number stands at 447000 new
[3]
cases .
The incidence of CRC increased from 22 cases per
[2]
100000 individuals in 1960 to 34 per 100000 in 2007
in Northern Europe. From 1998 to 2002, the incidence
in the United States and Europe was similar, being,
respectively, for men 38.6 and 38.5 and for women
28.3 and 24.6 world age standardized rate (ASR-W),
[4]
as calculated per 100000 inhabitants . However,
mortality both for men and women, over the same
period, was higher in Europe than in the US, being
18.5 and 10.7 vs 13.5 and 9.2 ASR-W, respectively,
[5]
as calculated per 100000 inhabitants . The estimated
Italian median annual incidence rate in 2010 was 88.8
cases per 100000 individuals among men and 70.3
[6]
cases per 100000 among women per year .
The lifetime risk of CRC for average-risk subjects in
[1,7]
industrialized countries is about 5% , but it increases
[8]
2-4-fold if there is a family history of CRC . Studies
in kindred and twins estimated that approximately
30% of all cases of CRC occur in patients with a family
history of CRC, but only 2%-5% of cases of inherited
CRC are caused by a syndrome-related to a Mendelian
[8-12]
pattern of inheritance
. These rare syndromes are
associated with a known gene mutation (Table 1).
Familial adenomatous polyposis (FAP) syndrome is the
most common hereditary condition, with a prevalence
of 1 in 10000 individuals. Young adolescents with FAP
develop hundreds to thousands of colonic adenomas
and CRC is inevitable before age 40 years if preventive
surgery (colectomy) is not performed. Attenuated FAP
is a less severe form of the disease, characterized by
an average 69% lifetime risk of CRC and an average
of approximately 30 colonic adenomatous polyps
(range 0 to 100 s). Both FAP and attenuated FAP result
[10]
from germline mutations in the APC gene . In the
absence of these inherited syndromes, occurrence of
CRC in family members of a CRC patient is nowadays
considered to be a heterogeneous condition, including
a cluster of patients with undefined hereditary
syndromes that have not yet been completely defined
in terms of molecular pathogenesis. A study in sibling
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Mendelian pattern

Gene

Autosomal dominant
Autosomal dominant
Autosomal dominant
Autosomal recessive
Autosomal dominant
Autosomal dominant

hMLH1
APC
APC FAP
MUTYH
STK11
SMAD4

pairs and parent/child pairs reported the presence
of chromosomal regions containing low penetrance
susceptibility genes possibly associated with high risk
[10]
of familial CRC . Together with genetic conditions,
a combination of different environmental factors
plays a role in the development of familial CRC. As in
the average-risk population, in familial CRC, several
environmental and lifestyle factors may increase
the risk of malignancy, such as obesity, high intake
of alcohol, cholesterol-rich diet, low consumption of
green vegetables, low level of physical exercise, and
[13,14]
smoking
. In contrast to what would be expected,
family members of a CRC patient often do not seem
to change their lifestyle, including physical exercise,
[14]
smoking and eating/drinking habits .
CRC in subjects with a family history seems to
have a better prognosis, with a greater overall 5-year
survival rate and an 11% reduction in the risk of death
[15]
compared with those with no family history . Further
studies support a better prognosis in patients with a
[16,17]
family history of CRC
. The reason for the survival
advantage associated with familial CRC is not known.
It could be that a family history of CRC leads to earlier
detection of tumor and therefore a better prognosis.
Indeed, the survival difference persisted when patients
with or without a family history were matched by
stage at diagnosis. An alternative explanation suggests
a deficit of mismatch repair mechanisms in patients
[15]
with familial CRC , which has been linked to a longer
[18]
survival rate in CRC . This hypothesis is based on
the finding that patients with a family history of CRC
have a high proportion of right-sided tumors, which
frequently are associated with deficient mismatch
[18]
repair mechanisms .
A first-degree relative (FDR), namely a family
member who shares at least 50% of genes with
a particular individual in the same family, such as
parents, offspring and siblings, of a CRC patient is at
[8]
higher risk of developing CRC . Additional risk factors
are age of tumor occurrence in the index case and the
[12,19]
number of affected relatives
, which contribute
to increasing the CRC risk from moderate (1.5-2.5
times), when only one FDR is affected by CRC, to high
(4-6 times), when two or more FDRs are affected or
[8]
when cancer is diagnosed before age 50 years . In
[19]
a large population study
from the Utah database,
including persons with a family history of CRC of ≥ 3
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generations, an increased number of affected FDRs
was demonstrated to influence the risk much more
than an affected second-degree relative (SDR) or
third-degree relative (TDR). However, when combined
with a positive FDR history, a positive SDR and TDR
family history represents a further increase of risk.
An increased rate of colonic adenoma detection
is also reported in individuals with a family history of
[20-26]
CRC in comparison with average-risk subjects
.
Colorectal adenoma > 10 mm, with high-grade
dysplasia and/or a villous component, termed as
advanced adenoma (ADA), is a precursor of CRC.
[21-25]
Several colonoscopy-based screening studies
reported an increased prevalence of ADA in FDRs of
CRC patients, ranging from 3.3% to 21.3%, in relation
to average-risk subjects in whom it was defined as
1.9%-11.5%. A high prevalence of ADA has also been
described among young FDRs aged 40-45 years, which
[25]
increased with age . Additional risk factors are male
sex and the strength of family history, increasing the
[27]
risk of developing CRC or ADA by 1.5-3.0-fold . The
number of FDRs affected also influences the risk of
ADA, being higher in asymptomatic subjects with two
FDRs with CRC diagnosed at any age in comparison
to asymptomatic subjects with only one FDR with CRC
[22]
at age < 50 years . All these risk factors have to be
taken into consideration in a screening program, in
order to select a subpopulation of patients with highest
risk, and in whom screening investigations could be
indicated earlier than in subjects without these risk
factors. According to these studies, United States
[28-32]
scientific societies
suggest a different and more
aggressive screening program in subjects with familial
CRC in comparison to that recommended in averagerisk populations.
Data on familial CRC screening from Asia confirm
the increased risk in FDRs of CRC patients. A
[33]
study from Taiwan
reported that among FDRs of
patients with CRC, the risk of adenoma detected by
colonoscopy was 2.5-fold and the risk of ADA was
4.5-fold higher compared with that in control subjects
without a family history of CRC. Another study from
[24]
Hong Kong
reported that the risk of detecting
adenoma and advanced neoplasms in asymptomatic
FDRs of patients with CRC was, respectively, 2.19-fold
and 3.07-fold higher than in those with a negative
family history of CRC. The increased risk is more
marked if the index case were diagnosed with CRC
before the age of 50 years.

estimated that a small adenoma needs at least 10
[7]
years to become a cancer . Thus, screening programs
are aimed to identify these preneoplastic lesions
using different tools, such as fecal occult blood test
(FOBT), sigmoidoscopy, and colonoscopy. Screening
recommendations take into consideration the socalled anticipation phenomenon, suggesting that CRC
arises 10 years earlier in FDRs of CRC patients than
[7,35]
in subjects without a family history
. Therefore,
[29-32]
according to United States recommendations
,
screening interventions should be offered to individuals
with a family history of CRC earlier than for the
average-risk population. Subjects with a single FDR
with CRC diagnosed at age > 60 years should receive
a standard CRC screening, namely every 10 years, but
starting at age 40 years. Individuals having one FDR
with CRC before 60 years or two FDRs with CRC should
be screened every 5 years, preferably by colonoscopy,
starting at age 40 years, or at 10 years younger
[36]
than the earliest case in the family . In individuals
with SDRs or TDRs with CRC, colonoscopy every 10
years is recommended, as in subjects at average
risk. In contrast to United States recommendations,
[37]
European guidelines
suggest performing an
immunochemical FOBT every 1 or 2 years in subjects
at average risk, and high-risk individuals should
be referred for high-risk protocols. Although CRC
screening is generally considered to be an effective
way to reduce the incidence and mortality of CRC, the
optimal screening strategy in high-risk populations
is still debated, especially regarding the appropriate
age at which to start screening colonoscopy, the time
interval for repeat colonoscopy, and which diagnostic
tool is preferred, according to different health policy
[29-32,37]
organizations in different countries
.
Asia-Pacific guidelines also recommend earlier
screening in FDRs of CRC patients, that is, before 50
[38]
years of age . A scoring system, based on several
risk factors, such as age, sex, family history and
smoking habit, has been developed by the Asia-Pacific
Working Group for stratifying risk and prioritizing high[39]
risk individuals for earlier screening . According
to this scoring system, validated in a 15-country
multicenter Asian study on asymptomatic subjects,
moderate-to-high-risk individuals should undergo
colonoscopy, while those classified as average risk
should undergo a fecal immunochemical test (FIT)
[38]
followed by colonoscopy in case of a positive result .

FAMILIAL CRC SCREENING: WHAT TO
DO

Familial CRC screening: when to
do

An ideal biochemical test for population screening
should be specific and sensitive for both cancer and
preneoplastic lesions, on easily collected samples,
safely and cheaply transported to a centralized
laboratory for accurate, reproducible, and cheap
automated analysis. Unfortunately, no investigation

Screening programs are based on the assumption
that the vast majority of CRCs develop from a
benign precursor lesion, such as adenoma, through
a series of genetic changes over a long-time period
[7,34]
(adenoma-carcinoma sequence)
. It has been
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fulfills those criteria. Screening tests can be grouped
into those detecting cancer, such as FOBT, and
those revealing cancer and adenomatous polyps
or nonpolypoid lesions, such as sigmoidoscopy and
colonoscopy, which allow simultaneous removal of
neoplastic precursors, providing greater potential for
secondary prevention. Colonoscopy has been proposed
as the preferred screening method, especially in high[40-42]
risk populations
, while both colonoscopy and FOBT
have been recommended in CRC screening program
in expert panel recommendations from various
[30,37,43]
countries
.

detecting both ADA and CRC in FDRs of CRC patients
[51]
similar to that of a single colonoscopy . Thus, FIT
could increase screening acceptability in high-risk
subjects and reduce the number of negative screening
[51]
colonoscopy results . The disadvantage of FIT is
the cost, even if it is now approaching that of gFOBT,
[52]
particularly for qualitative tests .
Few data regarding diagnostic accuracy of FOBT
in familial screening programs are available. In a
cohort study of asymptomatic high-risk patients with
a personal history of adenomas/CRC or family history
of CRC, sensitivity, specificity, positive predictive value
and negative predictive value of single FIT sampling
were 80%, 89%, 3% and 99.9% for CRC and 28%,
[53]
91%, 24% and 92% for ADA, respectively . High
accuracy of FIT was confirmed in a multicenter study
among FDRs of CRC patients, in which AUC was
0.96 (95%CI: 0.95-0.98) for CRC and 0.74 (95%CI:
[54]
0.66-0.82) for ADA .
[37]
European guidelines
recommend the use of FIT
as test of choice for population screening, although
gFOBT could be more practicable and affordable
than FIT, considering the local labor costs and the
mechanism of kit distribution and collection.

FOBT

Screening by FOBT has been tested in large, prospec
tive, case-controlled studies in average-risk subjects,
[44-46]
showing a significant reduction in CRC mortality
.
In an Italian screening population study based on
FOBT, an increased risk of ADA (OR = 1.53) was
reported in subjects with familial CRC compared to
[26]
those without a family history . The rationale for the
use of FOBT as a screening tool in the clinical diagnosis
of CRC is based on the observation that small,
macroscopically invisible traces of blood (occult blood)
are released into the bowel lumen by colonic neoplastic
tissue. However, FOBT cannot detect nonbleeding
colonic preneoplastic lesions. The main limit of FOBT
is the high number of false-positive results due to
gastrointestinal bleeding associated with several
causes other than colonic neoplasia, such as erosions,
ulcers, inflammatory bowel diseases, or therapy with
antiplatelet agents, anticoagulants or nonsteroidal antiinflammatory drugs.
Two types of FOBT are available, guaiac-based tests
(gFOBTs) and immunochemical tests (FITs). gFOBT is
unable to distinguish human from non-human blood,
contained in raw meat, and requires a restricted diet
before stool collection. gFOBT is available in rehydrated
and non-rehydrated form, according to the mechanism
of the hydration of stool samples. The mechanism of
rehydration increases the sensitivity, but decreases
specificity, leading to more false-positive results.
FIT is based on the use of monoclonal or polyclonal
antibodies against the protein component of human
globin, therefore, it does not require a specific diet.
[36,47-50]
Several recent studies
on average- and high-risk
population screening programs demonstrated a higher
sensitivity but lower specificity of FIT in comparison to
gFOBT (61%-69% and 91%-98% vs 25%-38% and
98%-99%, respectively) in detecting CRC.
Different cut-off values for fecal hemoglobin
detection have been proposed to increase further
the diagnostic capability of FIT in identifying early
neoplastic lesions and ADA. Good sensitivity of FIT
was demonstrated when the cut-off level for fecal
hemoglobin detection was reduced from 250 to 50
[48]
ng/mL buffer . FIT with a low cut-off level repeated
annually for 3 years seems to have sensitivity in
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Advantages and disadvantages: gFOBT and FIT
are both simple noninvasive screening methods,
cheaper with respect to other screening tests such
as colonoscopy, and easy to perform in the general
screening population. The only disadvantage of gFOBT
or FIT is the low sensitivity for detecting cancerous and
preneoplastic lesions.

Fecal DNA test

Fecal DNA test is a new screening method based on
finding several specific tumor-related DNA changes
in cells shed from colonic neoplastic lesions into the
[55]
bowel . Most studies published to date have focused
on the feasibility and characteristics of the test rather
than on the real impact on reduction of CRC incidence
and mortality. Fecal DNA test has higher sensitivity but
lower specificity than gFOBT for CRC detection. A stoolbased test for methylation analysis of the vimentin
(VIM) gene has been developed recently in the United
States, showing a specificity and sensitivity of almost
80%. Several additional hypermethylated genes,
including APC, p16, hMLH1, MGMT, SFRP1, SFRP2
and VIM, have been isolated from stool samples and
utilized as biomarkers for detecting CRC or colorectal
[56]
adenomas with a sensitivity of 62%-75% . In
[57]
another study hypermethylation of fibrillin-1 (FBN1),
detected in stool samples, showed a sensitivity of 72%
and a specificity of 93% for detecting CRC.
Whether ADA can be reliably detected by fecal
DNA test remains to be fully clarified. Despite a
recommendation for its use by the United States Multi[28]
Society Task Force on Colorectal Cancer , fecal DNA
test has not yet achieved wide application, probably
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due to its considerable cost.

reasons, such as invasiveness of the method, fear
of feeling pain, and lack of information about the
possibility to prevent CRC by simultaneous detection
and removal of preneoplastic lesions. Therefore, more
detailed information should be provided to subjects
with a family history of CRC regarding the safety of
colonoscopy and the possibility of performing the
procedure under sedation. In this regard, general
practitioners play a decisive role, especially in lesseducated people who are less likely to obtain
[22,58,70,71]
information in other ways
.
High-quality colonoscopy is crucial to achieve good
CRC screening, therefore several technical factors
[37]
have to be taken into account . Colonoscopy should
be completed to the cecum, and withdrawal of the
endoscope should be slow. The number of adenomas
and ADA found during colonoscopy with a withdrawal
time of ≥ 6 min is about twofold, or more, than that
[72]
found with a shorter withdrawal time . A 6-min
withdrawal time is currently considered a standard
of care. Screening colonoscopy has to be performed
under conditions of good bowel cleansing, which
means that, in the absence of completely removable
residual tumor, the examination has to be repeated
following a more intensive cleaning procedure. Of
course, screening colonoscopy has to be performed by
an expert, high-volume operator (> 300 colonoscopies
per year), and photographic documentation of the
[36,73]
ileocecal valve and cecum should be auditable
.

Advantages and disadvantages: Fecal DNA test
offers the same advantages but is more expensive
than FOBT. How frequently fecal DNA test should be
done to screen adequately for CRC remains to be
determined.

Screening colonoscopy

The increased prevalence of CRC or ADA in FDRs of
CRC patients, as mentioned above, represents the
rationale for why screening colonoscopy is strongly
[28-31]
recommended by several scientific societies
in
members of families with an increased risk for CRC.
The high rate of adenoma and ADA in the right colon
[22,58,59]
of FDRs of CRC patients
and the occurrence
[60,61]
of CRC in the right colon in 30%-40% of FDRs
indicate that an endoscopic assessment of the entire
colon for screening purposes should be preferred to
the limited exploration of the left colon. The usefulness
of such a recommendation is confirmed by the growing
evidence that colonoscopy-based screening programs
are able to reduce CRC incidence and mortality. Two
[62,63]
studies
reported that an increased use of lower
gastrointestinal endoscopy led to a reduction in the
incidence and mortality due to CRC in an average-risk
population in the US. An Italian large population-based
[64]
cohort study
showed that a 5-year colonoscopybased screening for CRC in asymptomatic subjects
achieved a decrease of 48% in CRC incidence and
81% in mortality. The reduction in CRC incidence was
more evident in subjects who underwent complete
[64]
colonoscopy .
However, several factors limit the use of colono
scopy as screening procedure, such as a high cost,
possible occurrence of complications, and low accep
[65]
tability. In a cost-effectiveness analysis
of different
screening methods, such as FOBT, sigmoidoscopy, and
colonoscopy, considering the number of prevented
cases of CRC and the costs spent per life-year saved
from cancer-related mortality, annual screening
with FOBT was less expensive but saved fewer lifeyears than colonoscopy. A screening strategy based
on sigmoidoscopy every 5 or 10 years is less cost[66]
effective than FOBT and colonoscopy . In prospective
[40,67-69]
cohort studies
on asymptomatic adults under
going colonoscopy, for screening or surveillance due
to a history of CRC or adenoma, reported complication
rates ranged from 0.79 to 8.4 per 1000 colonoscopies.
Thus, the absolute risk of serious complications is low,
even if it is higher than for FOBT or sigmoidoscopy.
Finally, low acceptance of colonoscopy is still the main
barrier to widespread dissemination for screening.
Adherence to colonoscopy screening programs is low
even in members of high-risk families, and varies
from 18% to 78% in different countries. This low
acceptability of colonoscopy in FDRs may have several
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Advantages and disadvantages: The main advantage
of colonoscopy is the possibility to examine the entire
colon and immediately remove a preneoplastic lesion.
Disadvantages include the need for colonic lavage,
which requires a low-residue diet on the days before
the examination and oral intake of laxatives with a
large amount of water. It is an invasive screening
method and, therefore, is not easily accepted by
asymptomatic subjects if not proposed under sedation.

Sigmoidoscopy

Flexible sigmoidoscopy (FS) is an endoscopic exami
nation with maximum reach to the splenic flexure.
When compared with no screening in average-risk
populations, CRC mortality was lower with FS in
[74]
comparison to FOBT . In a systematic review and
[75]
meta-analysis of five randomized controlled trials, FS
screening achieved a 18% relative risk (RR) reduction
in the incidence of CRC (RR = 0.82, 95%CI: 0.73-0.91;
P < 0.001), a 33% reduction in the incidence of leftsided CRC (RR = 0.67, 95%CI: 0.59-0.76; P < 0.001),
and a 28% RR reduction in the mortality of CRC (RR =
0.72, 95%CI: 0.65-0.80; P < 0.001).
However, FS has no effect on the incidence of
[76]
proximal colonic malignancy . The combination of FS
every 5 years with annual FOBT is better than either
[29-31]
test used alone
.
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Advantages and disadvantages: FS is a lessinvasive procedure than colonoscopy and requires
easier preparation. The main disadvantage is that FS
evaluates only the distal segments of the colon and,
in case of a positive result, complete colonoscopy is
necessary to examine the proximal colonic tracts.

and minimally invasive blood-based PCR test, showing
a sensitivity and a specificity of almost 90% in
[86]
detecting CRC .
Soluble CD26: Soluble CD26 (sCD26) is a transmem
brane glycoprotein expressed in a variety of cell types
and associated with neoplastic transformation. Being
present in plasma, serum and other biological fluids,
sCD26 has been proposed as a blood screening tool,
showing a sensitivity of 39.6% for ADA and 42.1%
for advanced neoplasms, achieving specificity of 90%.
The combination of sCD26 and FIT increases the sensi
tivity for ADA and advanced neoplasms up to 52.8%
and 56.1%, respectively, corresponding to 93.5%
[87]
specificity .

Potential screening methodologies

Computed tomography colonography: Computed
tomography colonography (CTC), also known as virtual
or CT colonoscopy, is a low-invasive radiological method
to study the colon with a low risk of complications.
Thus, CTC could be an alternative to colonoscopy
in CRC screening. Indeed, CTC is already used for
screening purposes in patients with a positive FOBT
result when colonoscopy is contraindicated or fails to
[77]
reach the cecum for anatomical reasons . CTC has
a high sensitivity (approximately 95%) in detecting
[78]
[79]
CRC
and colonic polyps > 10 mm , but sensitivity
drops to 75%-80% for nonpolypoid adenomas ≥
[80]
5 mm . Patients undergoing CTC are exposed to
ionizing radiation, raising concerns about a possible
increased risk for malignancy, and the need to perform
colonoscopy if polyps or other possible neoplastic
lesions are detected, with increased screening costs.
To reduce the discomfort associated with bowel
preparation, noncathartic CTC has been proposed
as a screening method for CRC in FDRs, with good
sensitivity and specificity for small adenoma (77% and
[81]
99%) and ADA (89% and 96%) . Bearing in mind
all these considerations, CTC is not yet considered for
population screening programs.

ONGOING TRIALS ON COLORECTAL
CANCER SCREENING
Two Italian trials are ongoing to compare colonoscopy
[88,89]
or sigmoidoscopy vs CTC for CRC screening
. Data
regarding acceptability, diagnostic yield, and costs of
the methods emerging from these two studies will be
helpful to understand better whether CTC may play
[90]
a role in screening for CRC. An interesting trial
is
ongoing to evaluate the importance of an enhanced
family communication about genetic testing and
hereditary risk information. The trial will evaluate the
effectiveness of additional support using a randomized
controlled design based on motivational interviewing;
will apply an intervention for mutation carriers and
counselees with relatives with an increased risk of
developing cancer; and will involve relatives in the study.

Electronic nose: It is a new technology based on
an array of nanosensors reacting to volatile organic
compounds by a sensor-specific change in resistance.
Volatile organic compounds are gaseous carbon-based
chemicals derived from biochemical metabolism in the
body, and in the bowel they are mainly produced by
[82]
the intestinal microbiota and excreted by the feces .
Electronic nose has already been proposed as a
potential noninvasive diagnostic biomarker test for lung
[83,84]
cancer, breast cancer and malignant melanoma
,
[85]
and recently , it was shown to discriminate healthy
subjects from patients with CRC (sensitivity and
specificity: 85% and 87%, respectively) and patients
with ADA (sensitivity and specificity: 62% and 86%,
respectively). If diagnostic accuracy is confirmed,
electronic nose could represent a new noninvasive
method of screening for CRC and its adenomatous
precursors.

CONCLUSION
CRC screening can reduce mortality and is costeffective. Therefore, it is mandatory that clinicians
and health organizations implement strategies to
improve adherence to screening programs in subjects
at average risk, but first of all in those having an
increased CRC risk. To date, colonoscopy represents
the best choice for a screening program. General
practitioners and physicians should make efforts in
counseling individuals at high risk of CRC to undergo
this procedure, starting at 40-45 years of age. If
not accepted, FOBT, preferably associated with
sigmoidoscopy, has to be prescribed.
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Abstract
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The incidence of gastric cancer (GC) is decreasing
worldwide, especially for intestinal histotype of the
distal third of the stomach. On the contrary, proximal
location and diffuse Lauren histotype have been
reported to be generally stable over time. In the
west, no clear improvement in long-term results was
observed in clinical and population-based studies.
Results of treatment in these neoplasms are strictly
dependent on tumor stage. Adequate surgery and
extended lymphadenectomy are associated with good
long-term outcome in early-stage cancer; however,
results are still unsatisfactory for advanced stages (Ⅲ
and Ⅳ), for which additional treatments could provide
a survival benefit. This implies a tailored approach to
GC. The aim of this review was to summarize the main
multimodal treatment options in advanced resectable
GC. Perioperative or postoperative treatments, including
chemotherapy, chemoradiotherapy, targeted therapies,
and hyperthermic intraperitoneal chemotherapy have
been reviewed, and the main ongoing and completed
trials have been analyzed. An original tailored multi
modal approach to non-cardia GC has been also
proposed.
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Core tip: In advanced gastric cancer (GC), multimodal
treatment is currently an option in the west. Adequate
surgery and extended lymphadenectomy, together with
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modern chemotherapy, radiotherapy, targeted therapies,
and a combination of all could possibly improve survival
in advanced GC. A tailored multimodal approach is
strictly necessary in the light of treatment results and
recent epidemiological trends, which indicate a relative
increase of more aggressive forms, such as proximal
location and diffuse Lauren histotype in the west. The
main ongoing and completed clinical trials regarding
multimodal approach to GC have been reviewed, and
an original tailored multimodal protocol to non-cardia
GC has been proposed.

survival worsened over time for patients with noncardiac tumors, whereas the risk of death decreased
[12]
for patients with cardiac tumors .
Different epidemiological trends in the intestinal
type (IT) and diffuse type (DT) Lauren histotypes have
also been observed. The declining incidence of GC
has been linked to the decreasing number of ITs; on
the contrary, the incidence of DT is generally stable
[10,13-15]
throughout the world
. As most proximal tumors
are IT, it is important, when evaluating epidemiological
trends, to group data according to histotype and
location. In a recent study from the Italian Research
Group for Gastric Cancer (GIRCG), a decreasing number
of IT tumors of the distal stomach was observed; on
the contrary, IT located in the proximal third, and DT,
[9]
at any location, were stable over time . As a conse
quence, the DT neoplasms showed a relative increase
with time (Figure 1).
Recent studies have also reported different trends
of GC incidence in young patients; declining rates were
observed for subjects aged 40-84 years, whereas for
younger cohorts, the incidence rates increased over
[16]
time . Recent reports from Europe also confirm
[17]
these findings . The higher prevalence of DT in
young patients may explain the epidemiological trends
described for specific histotypes of GC.
As for GC prevention, two potential strategies
are proposed. Primary prevention is possible due to
eradication of H. pylori, and secondary prevention
[4]
by detection of GC in mass screening . Primary
prevention is based on the fact that H. pylori is the
strongest known factor associated with distal IT GC. It
is possible to eradicate the infection using antibiotics
in association with an antisecretory agent. It is
proposed to offer prophylactic eradication for high-risk
individuals, or for patients in high-risk areas.
For secondary prevention, mass screening is
performed in countries with the highest incidence
of GC. In Japan or South Korea the screening pro
grams seem to be effective, with the higher rate of
early GC detection, improved 5-year survival, and
[4,17]
improved proportion of localized GC at diagnosis
.
The main screening methods are barium X-ray,
combination of barium digital radiography together
with serum pepsinogen testing, and endoscopy with
photofluorography. However, mass screening is hard
to promote and organize in low-risk areas, where few
but more advanced GC cases, mainly with proximal
location or DT tumors, are generally observed in clinical
[4]
practice .
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CHANGING EPIDEMIOLOGY OF GASTRIC
CANCER
Despite the reported declining incidence, gastric cancer
(GC) is one of the most common causes of cancer
[1-3]
mortality worldwide . It represents the fourth most
common cancer after lung, breast and colorectal
cancer, and the second most common cause of cancerrelated death after lung cancer. Geographic variability
of GC is also well known: highest incidence rates are
observed in East Asia, Central Asia, Eastern Europe,
and the Pacific Coast of South and Central America,
whereas the lowest incidence rates are found in
[4]
Northern Europe and North America . Even within the
same country, there can be wide variation in geographic
incidence: for example, in Italy, mortality is high in the
central region, especially along the Central Apennine
[5,6]
Mountains, and very low in Southern Italy . Even
if partly obscured by population aging, a decreasing
incidence of GC has been reported worldwide in
recent decades. This epidemiological trend has been
attributed to several factors, such as the increased
consumption of vegetables and fruit instead of cured
meat, and changed methods of food conservation
[7]
(refrigeration, instead of salt preservation) . The
decreased prevalence of Helicobacter pylori (H. pylori)
infection has also had a role. However, decreasing rates
are more evident in high-risk areas, whereas in lowrisk areas, the rates have fallen slowly, with a trend to
[5,6,8,9]
become stable over time
.
Certain subtypes of GC demonstrate different
epidemiological features. Tumors located in the distal
third of the stomach have shown the most evident
decrease in incidence, whereas proximal tumors are
[10,11]
stable or even increasing
. This trend has been
confirmed in some recent studies: the incidence
decreased among men and women, but the proportion
of cardiac tumors remained stable over time; 5-year
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CLINICAL IMPLICATIONS OF CHANGING
EPIDEMIOLOGY
The above-mentioned epidemiological trends could
have important clinical implications. Indeed, the overall
number of newly diagnosed GC cases is decreasing,
but the relative percentage of proximal locations and
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Figure 1 Changing number of patients in three subperiods, stratified according to tumor location and Lauren histotype (GIRCG database).

DT is increasing. Proximal tumors, including those
involving the esophagogastric junction (EGJ), are
associated with higher clinical aggressiveness and
[9,18-21]
worse prognosis
. The relative increase in the
proportion of proximal tumors could lead to a general
decrease in survival probability.
Another important consequence of epidemiological
trends is the relative increase in DT tumors (Figure
2). Besides histomorphometrical characteristics, IT
and DT histotypes show evident differences in epide
[22]
miological, clinical and molecular features . IT type
is more common in males and older patients, whereas
DT type usually affects younger patients with a lower
male-female ratio. Environmental factors seem to
be involved in the pathogenesis of IT tumors, and
they usually follow the sequence of chronic atrophic
gastritis, intestinal metaplasia, and dysplasia. On the
contrary, DT tumors usually originate from healthy
gastric mucosa or non-atrophic gastritis, and are more
related to genetic factors. A further characteristic of
the DT is their greater biological aggressiveness. The
risk of lymph node metastasis is higher in the DT
than the IT, at the same T stage. Indeed, the DT is a
strong risk factor for lymph node metastasis in early
[23]
GC , but an increased risk is also present in more
advanced pT stages. The correlation between lymph
node metastasis and Lauren histotype, stratified for
pT stage, has been evaluated in 2090 non-cardia GC
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patients from the GIRCG database (Figure 3). The
incidence and number of lymph node metastases were
notably higher in the DT than IT groups at the same pT
stage. Furthermore, DT is also a risk factor for lymph
node metastases in extra-regional nodal locations (such
[24,25]
as para-aortic nodes)
.
The higher probability of lymph node metastases in
DT could be an indication for more extended lympha
denectomy or neoadjuvant treatment. In contrast,
clinical diagnosis, by radiological imaging, of lymph
node metastasis may be more difficult in the DT. It
has been reported that, in this histotype, the size of
involved nodes may be smaller than the commonly
[22]
used cut-off values .
Besides the lymph node involvement, DT tumors
also show a greater propensity to peritoneal spread.
Indeed, several studies have demonstrated a higher
risk of peritoneal recurrence in DT tumors; mainly
[22,26]
when the tumor has serosal involvement
.
In a GIRCG follow-up study, the 5-year risk of
peritoneal recurrence has been calculated to be 69%
in DT GC with serosal involvement, vs 20% for IT
cases at the same pT stage. It has been demonstrated
that the clinical impact of extended surgery, including
D2/D3 lymphadenectomy, is of low value in serosally
[27,28]
exposed forms at risk of peritoneal recurrence
.
The chance of cure in patients with peritoneal
recurrence of GC is low: in a GIRCG follow-up study,
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studies from the Netherlands have also confirmed the
decreasing incidence of GC but stable survival rates
[34]
over time .
These data seem to be consistent with the findings
of a previous GIRCG study: along with the decreasing
number of distal IT tumors and the relative increase of
DT forms with time, a lack of improvement of cancerrelated survival probability, and a significant increase
[9]
of peritoneal recurrence after surgery were observed .
In particular, survival rates decreased in the more
recent period in the group of patients with serosal
involvement, in women, and in distal tumors, whereas
an increasing trend was observed in proximal tumors.
All these data may fit with the hypothesis that the
relative increase in DT tumors may have contributed to
the absence or small improvement of treatment of GC
in western countries.
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Figure 4 Survival rate of patients with peritoneal recurrence of gastric
cancer.

TREATMENT OF EARLY FORMS

5-year survival probability in 221 patients with metachro
nous peritoneal carcinomatosis (PC) was only 3% (Figure
[29]
4) . As such, prevention of peritoneal recurrence,
more than treatment after its occurrence, may be the
[30]
only potential chance of cure in high-risk cases .
Late-phase DT GC can evolve into diffuse infiltra
tion, thickening and stiffening of the gastric wall with
reactive fibrosis, also named gastric linitis plastica.
This is a subset of GC with a large propensity to
diffuse infiltration, massive lymph node metastasis,
[31]
and peritoneal seeding . The rate of radical resection
in this form of GC is < 30%, and, even after R0
resection, the 5-year survival probability does not
exceed 5%. Some population-based studies from
Europe, along with the decreased incidence of GC,
have reported a significant increase of gastric linitis
[32]
plastica with time . These data are consistent with
previously mentioned epidemiological trends.
Pathological characteristics of different histotypes
of GC may explain epidemiological and survival data
reported in large European studies. Recent data
from 49 cancer registries in 18 European countries
(EUROCARE-4 Working Group) have revealed a
notable survival increase in Europe over the period
1988-1999 for several cancer sites, in particular, for
prostate, colorectal and breast cancer. However, for
GC, the increase was small (from 22% to 24%),
despite potential time-related improvements in
[33]
diagnosis, surgical and medical treatment . Survival
improvement was higher for men (4.1%) than women
(1.4%). The declining incidence of cancers of the distal
stomach could help to explain these survival trends.
Indeed tumors of the cardia or fundus are usually
diagnosed in older patients, at an advanced stage,
and with diffuse/signet ring cell morphology. Other
population-based and clinical studies reported similar
results. In the previously mentioned French study, the
global prognosis of GC did not improve significantly
[32]
over a 12-year period of observation . Recent
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Surgical treatment with adequate lymphadenectomy
could offer a high probability of cure even in western
patients. Survival rates in early stages reported
from specialized western centers are similar to those
[21,27,35]
obtained in Japan and South Korea
.
Selected forms of early GC can be treated by
endoscopic mucosal resection or endoscopic submu
cosal dissection, in accordance with the standard
criteria described by the Japanese Gastric Cancer
Association (JGCA), with acceptable results even in the
[36,37]
west
. The resection is judged as curative when
all of the following conditions are fulfilled: en bloc
resection, tumor size not greater than 2 cm, histology
of intestinal-differentiated-type, pT1a, negative
horizontal (lateral) margin, negative vertical margin,
and no lymphovascular invasion.
Although endoscopic approaches to early forms of
GC are increasing in specialized centers in the west,
they are still far from becoming a clinical standard.
Early forms not treatable by endoscopic resection
should be submitted to surgical resection with
lymphadenectomy. According to the JGCA treatment
[36]
guidelines , D1 lymphadenectomy may be adequate
for early GC with clinically negative lymph nodes.
However, we should underline that a proportion of
early GC in the west is DT, which is associated with
a higher risk of lymph node metastases and greater
lymph node spread, especially when submucosa
is involved. Furthermore, in the west, endoscopic
resection, which can be considered as a treatment
as well as a staging procedure, is performed less
frequently than in East Asia, and the clinical diagnosis
of lymph node metastasis by imaging procedures still
[38]
has low accuracy . As such, the Italian guidelines
advise standard D2 lymphadenectomy in early forms
[39]
of GC . Only in selected cases (high-risk patients,
early forms with favorable pathological characteristics,
not treatable by endoscopic resection) should more
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limited procedures be considered (D1 plus).
Early forms of GC could also be treated by mini
mally invasive (laparoscopic or robotic) approaches,
which demonstrated non-inferior oncological results
[40,41]
compared with open surgery
. However, it should
be emphasized that oncological criteria regarding
resection margin and lymph node dissection need to
be carefully followed in minimally invasive procedures.

(station 14) or para-aortic (stations 16a2 and b1)
lymph nodes, in specialized centers and in the setting
[22,23]
of clinical studies
. In particular, proximal or DT
tumors are particularly prone to metastasis to distant
nodes, and in our opinion they may benefit from
[25,28]
super-extended lymphadenectomy
. However, it
should be emphasized that in more advanced stages
(UICC TNM stages ⅢA and more) the results of
surgery, even with adequate lymphadenectomy, are
[35]
still unsatisfactory in western patients . As such,
additional treatments should be planned to improve
long-term survival in these patients.

TREATMENT OF ADVANCED
RESECTABLE FORMS
In advanced resectable forms of GC, it is now well
established that adequate surgical treatment is a
key factor in obtaining acceptable long-term results.
As for the extent of resection, subtotal gastrectomy
offers low postoperative morbidity and mortality
risk, and better quality of life, without affecting longterm oncological results, when an adequate resection
[42]
margin can be obtained (R0 resection) . A proximal
margin of at least 3 cm is recommended for T2 or
deeper tumors with an expansive growth pattern,
and 5 cm is recommended for DT and tumors with
infiltrative growth pattern. In all other cases, total
gastrectomy should be the preferred procedure.
In early GC, a resection margin of 2 cm may be
[39]
enough . Total gastrectomy with splenectomy should
be also recommended for tumors located along the
greater curvature. Splenectomy should be performed
only when macroscopic involvement of lymph nodes at
the splenic hilum is present.
The extent of lymphadenectomy is crucial. Even if
some randomized studies have failed to demonstrated
a significant advantage for overall survival, a reevaluation of the Dutch trial showed a reduced cancerrelated survival in the long term and a higher incidence
of late recurrence of GC in patients submitted to
[43]
limited (D1) lymphadenectomy .
It is important to ensure that good early post
operative results in terms of morbidity and mortality
are achieved. This is consistent with the reports of
observational nonrandomized studies from specialized
[44,45]
centers
.
Nowadays, D2 lymphadenectomy is generally
accepted as the standard approach in most national
[39,46]
guidelines
. The correct procedure for lympha
denectomy involves the removal of nodal stations from
1 to 12, with some variations depending upon the
[36]
extent of gastric resection . Special attention should
be paid upon to the complete removal of infrapyloric
nodes (station 6), right paracardial nodes (station 1),
left gastric artery nodes (station 7), celiac axis (station
9), hepatic artery (station 8a), splenic artery (station
11), and hepatoduodenal ligament nodes (station
12a).
More extended lymphadenectomies (D2+) can be
performed in selected cases at risk of metastasis to
posterior (stations 8p, 12p, 12b and 13), mesenteric
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MULTIMODAL TREATMENT OF GASTRIC
CANCER
Neoadjuvant treatment seems to be a good option
in advanced GC. The term advanced should be
understood as a T3, T4 and/or N+ and/or with positive
peritoneal cytology. The majority of patients who are
diagnosed at this stage might receive benefits from
perioperative treatment.
Even though dietary changes and the use of
antibiotics to treat chronic H. pylori infection have
helped to reduce steadily the number of new cases
[47]
of GC, the progress in GC treatment is still limited .
Surgery remains the only treatment with curative
intent in locoregional disease. From an oncological
point of view the issue is to resect the cancer with a
negative resection margin (R0), and with adequate
lymph node dissection. The biggest problem, especially
in the west, is diagnosis of patients with locally
advanced disease. Advanced disease is associated with
a higher rate of locoregional recurrence. For locally
advanced forms, additional multimodal treatment
in the preoperative, perioperative and postoperative
phases has been proposed. Nowadays, we can observe
geographic differences in multimodal treatment of
GC. In Asia, the most commonly used treatment is
adjuvant chemotherapy; in the United States, the
favored treatment is chemoradiotherapy (CRT); and in
Europe, neoadjuvant therapy is mostly used.
Advanced GC still has a poor survival (< 30% 5-year
[48]
survival probability for stage Ⅲ). Cunningham et al
[49]
and Ychou et al
have demonstrated the advantage
of starting multimodal treatment with preoperative
chemotherapy over surgery alone, therefore, this
seems to be a good treatment option. In the trial by
[50]
Schuhmacher et al , neoadjuvant therapy improved
R0 resection rate even though it did not improve
[51]
overall survival (OS). In the study by Stahl et al ,
neoadjuvant CRT showed a higher rate of complete
[52]
responders, and in the study by van Hagen et al ,
improved OS was observed.
In Asian countries in contrast, the greatest interest
lies in postoperative oral chemotherapy, which is
associated with improved OS compared with surgery
[53,54]
alone
. However, these results have not been
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reproduced in western countries.
In the United States, CRT has been used routinely
[55]
since 2001, after the trial of MacDonald et al .

questions is the age of patients recruited to the trial.
Most trials excluded patients aged > 70 years. This
issue is currently under investigation by a study in
Germany. Another subgroup of patients of particular
interest is those with signet ring cell carcinoma. They
[59]
seem not to benefit from neoadjuvant treatment .
The response rate differs also according to pathological
features. In DT tenors, a good pathological response
[60]
was only observed in 14.5% of patients .
In Asian countries, neoadjuvant treatment is also
beginning to play an important role. Currently several
trials (JCOG 0210, JCOG 0501, JCOG 1002, and
PRODIGY) are under way. In Italy, a GIRCG phase
Ⅱ trial recruited patients with non-cardiac GC who
underwent accurate pretreatment clinical staging
with diagnostic laparoscopy and peritoneal washing,
followed in all cases by standard D2 gastrectomy.
This trial aims to answer whether preoperative or
perioperative chemotherapy plays a role in advanced
GC treatment (NCT01876927).

Neoadjuvant chemotherapy

The neoadjuvant approach is currently recommended
across Europe based on the Magic and FNLCC/FFCD
[48,49]
trial
. Other benefits of neoadjuvant chemotherapy
[56]
(NC), discussed by Ott et al , for potentially
resectable GC are higher rate of R0 resection achieved
by downstaging of a primary tumor, and probable
effect on micrometastases and isolated tumor cells
in lymph nodes. Ott et al emphasized also that the
neoadjuvant setting is more often proposed for
younger patients and those in general good health.
In the Magic trial, chemotherapy consisted of
three cycles of intravenous (i.v.) epirubicin, cisplatin
and 5-fluorouracil (FU) preoperatively and three
[48]
cycles postoperatively . NC was not associated with
worse postoperative complications and 30-d mortality
than surgery alone, thus overturning the argument
that neoadjuvant therapy may be more dangerous
for patients. From the main results, 5-year survival
rate was 36% vs 23% in favor of perioperative
chemotherapy. Also, OS and progression-free survival
(PFS) were significantly better. Only 49.5% of
patients received the full perioperative chemotherapy
treatment, therefore, this was one of the main issues
criticized by some investigators. This issue was
[57]
investigated in the study by Mirza et al
in which it
was checked in patients using the same regimen as
in the Magic trial. The full perioperative regimen had
a beneficial effect on DFS but not on OS. It may be
concluded that administrating the adjuvant part of
this regimen postponed tumor recurrence rather than
helping in prevention.
The FNLCC/FFCD trial proved the beneficial effect of
perioperative chemotherapy for gastric and esophageal
[49]
adenocarcinoma . In the preoperative period,
two or three cycles of i.v. cisplatin and 5-FU were
administered, and after surgery, chemotherapy was
continued when response to treatment was observed.
A higher rate of R0 resection in NC in comparison with
surgery alone was observed, as well as improved OS
and DFS. The 5-year survival rates were 38% vs 24%
in favor of NC.
[58]
In a meta-analysis by Ronellenfitsch et al
OS
was 9% better after neoadjuvant therapy. This effect
was seen 18 mo after surgery and lasted at least 10
years. R0 resection was achieved 1.4 times more
often after neoadjuvant treatment. Importantly, side
effects of neoadjuvant therapy, such as postoperative
morbidity or mortality, as well as prolonged hospital
stay, were not increased significantly compared with
surgery alone. Another interesting aspect was that no
benefit of neoadjuvant therapy was seen in elderly
patients. The subgroup of patients with EGJ cancer
had the greatest benefit in OS. One of the unanswered
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Neoadjuvant CRT

As NC proved to be safe for preoperative treatment,
the addition of radiotherapy to preoperative treatment
has gained interest. The German POET trial compared
[51]
NC vs CRT for locally advanced EGJ cancers . In one
arm, two courses of cisplatin, 5-FU and folic acid (PLF),
followed by 3 wk of combined CRT (30 Gy in 3 wk with
cisplatin/etoposide), and surgery were administered,
vs 2.5 courses of PLF with surgery. This trial was
closed early, and showed no significant difference in
survival: 33.1 mo vs 21.1 mo in favor of CRT, but with
higher mortality in the CRT arm: 10.2% vs 3.8% (P
= 0.26). Results regarding 3-year survival showed an
improvement from 28% to 48% in the CRT arm.
[61]
In a study by Burmeister et al
on 75 patients,
the addition of radiotherapy increased the rate of
pathological complete remission (13% vs 0%, P =
0.02), and reduced the rate of R1 resection (0% vs
4%, P = 0.04). Analyzing 5-year OS and PFS, only a
trend was observed in favor of CRT, without statistical
significance (OS 45% vs 36%, P = 0.6).
In the CROSS trial from the Netherlands, patients
with esophageal and EGJ cancers were assigned to
CRT (carboplatin, paclitaxel and 41.4 Gy radiotherapy
in 23 fractions) followed by surgery, vs surgery
[52]
alone . The surgery alone arm showed R0 resection
in 69% of patients with a median survival time of
24.2 mo, whereas in the neoadjuvant CRT arm, R0
resection was achieved in 92% (P < 0.001), with
complete pathological response rate in up to 29%
of patients; however, it is noteworthy that in case
of squamous cell carcinoma the complete response
rate was better (49%) than for adenocarcinoma
(23%). The median survival time was 49.4 mo (P
= 0.003), and 5-year survival improved from 34%
to 47%. Postoperative complications rate and inhospital mortality were similar in both arms (4%).
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The neoadjuvant regimen also reduced locoregional
recurrence rate (34% to 14%; P < 0.001), and the
probability of PC (14% to 4%; P < 0.001). Distant
metastases also showed a difference between both
arms (35% vs 29%, P = 0.025). This treatment
protocol is now recommended for neoadjuvant CRT
in patients with EGJ adenocarcinoma in the US. The
currently ongoing TOPGEAR trial is investigating CRT
vs chemotherapy in EGJ and stomach cancers. In
the chemotherapy arm, three courses of epirubicin,
cisplatin and flurouracil (ECF) are given preoperatively,
and in the CRT arm, two courses of ECF followed by 45
Gy, or radiation with concurrent 5-FU. Patients in both
arms receive three courses of ECF after surgery.
[62]
A meta-analysis by Sjoquist et al
reviewed trials
with localized gastroesophageal adenocarcinoma with
preoperative CRT and chemotherapy alone. The hazard
ratio for OS was 0.75.

be effective: 5-FU + mitomycin C + adriamycin; 5-FU
+ mitomycin C; tegafur; and mitomycin C. Other
proposed regimens seem to be not so effective: 5-FU
+ carmustine, 5-FU + methyl-semustine, 5-FU +
cisplatin, 5-FU + anthracyclines, and 5-FU + mitomycin
C + cytarabine. Another meta-analysis by the
GASTRIC group (Global Advanced/Adjuvant Stomach
Tumor Research International Collaboration) showed
significant improvement in OS after 5-FU-based
[66]
chemotherapy . The same group in another metaanalysis on advanced GC concluded that experimental
arms of chemotherapy are responsible for modest
improvement in OS and DFS (hazard ratio 0.88 and
0.81). The median survival was below 1 year and none
[68]
of the new regimens can be used as a standard .

Adjuvant CRT

Adjuvant chemotherapy

Analyzing data from different countries, the results
of adjuvant chemotherapy after gastrectomy in
western studies are less convincing than in Asian
studies. In a Japanese study (ACTS-GC trial), oral
fluoropyrimidine (S-1) was given after surgery for 1
year, and results were compared with surgery alone.
[53,54]
The 5-year OS was 70.1% vs 61.1%
. This trial
was stopped earlier because of significantly better OS
in the S-1 group. It needs to be underlined that the
high rates of OS in both arms were due to excellent
surgery, as D2 lymphadenectomy was confirmed in
all cases. The problem in translating this trial into a
Caucasian population is that Tegafur, present in S-1
as a precursor of 5-FU, is transformed in the body by
cytochrome P450 to 5-FU. The probable difficulties
observed in Caucasians are due to polymorphism of
[63]
CYP2A6 gene, and subsequent complications . In the
FLAGS trial, comparison of cisplatin + S-1 and cisplatin
+ 5-FU for palliative therpy showed significantly better
[64]
tolerance in patients with the addition of S-1 .
In the CLASSIC trial, adjuvant chemotherapy
with capecitabine and oxaliplatin after curative D2
[65]
gastrectomy was compared with surgery alone .
This Asian trial showed significant improvements in
3-year disease-free survival (DFS; 74% vs 59%, P
< 0.0001), and OS (83% vs 78%, P = 0.0493). This
trial was stopped earlier as the benefit of using this
chemotherapy regimen was demonstrated. In the
chemotherapy arm, oxaliplatin-induced peripheral
neuropathy occurred in 56% of patients, but grade
3/4 only occurred in 2% of cases. It seems that this
regimen might be an alternative to the S-1 regimen. A
meta-analysis on 17 trials of adjuvant chemotherapy
after gastrectomy showed a small but significant
[66]
benefit for 5-FU-based chemotherapy . Adjuvant
chemotherapy increased OS by 6%, and reduced the
risk of death by 18%. A meta-analysis by Zhang et
[67]
al
showed that four chemotherapy regimens may

WJG|www.wjgnet.com

[55]

The results of the INT-0116 trial by MacDonald et al
show that adjuvant CRT plays an important role in GC
treatment. The problem of additional radiotherapy is
the increased toxicity rate. Grade 3/4 hematological
toxicity occurred in 54%, and gastrointestinal
toxicity in 33% of patients. The toxic effect was also
responsible for stopping the treatment in many cases.
In patients with diffuse histology, the addition of
radiotherapy did not confer any additional benefit. The
biggest concern is about radiation of a large area of
gastrointestinal mucosa. Current studies are focused on
using 3D conformal and intensity-modulated radiation
therapy (IMRT), and also new, safer radiotherapy
[69-71]
techniques
. In a phase Ⅱ trial with 3D-CRT/IMRT,
grade 3 or 4 nausea and vomiting (14.5%), decreased
appetite (11.8%), leukopenia/neutropenia (9.1%)
and fatigue (6.4%) were observed, and it proved to
[71]
be a safe procedure . We also need to mention that
[55]
in the MacDonald et al
trial, an increased number
(but not significant) of secondary malignancies after
additional CRT were reported. The biggest challenge
is to prove whether addition of radiotherapy to the
regimen is better than chemotherapy alone. This issue
[72]
was analyzed in the ARTIST trial . No difference
in 3-year DFS was observed between those two
arms, but analyzing subgroups with lymph node
metastases, 3-year DFS was improved in the CRT
arm (77.5% vs 72.3%, P = 0.0365). This was also
seen when adjusting for tumor stage. No difference in
case of local or distal recurrence rate was observed.
No OS results were reported in the 3-year analysis.
The ARTIST-Ⅱ trial will investigate the influence of
chemotherapy or CRT in patients with lymph-node
positive GC. One particularly interesting aspect is that,
in the INT-0116 trial, D2 resection was performed in
only 10% of cases, whereas in most Asian studies,
it is close to 100%. Indeed, local recurrences were
observed in 29% of cases in the INT-0116 trial, vs
2.8% in the Japanese ACTS-GC trial. It seems that the
addition of radiotherapy confers a potential benefit to
patients with a suboptimal surgical approach. This was
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Table 1 Main trials regarding adjuvant and neoadjuvant therapy for gastric cancer reported in literature
Therapy

Treatment arms

Tumor position

OS P vaule

PFS/DFS P vaule

Neoadjuvant CT
MAGIC[48]

CT

GC + EGJ

0.009

< 0.001

FNLCC/FFCD 9703[49]

CT

GC + EGJ

0.021

0.003

EORTC 40954[50]

CT

Perioperative
Res. vs mult
Perioperative
Res. vs mult
Preoperative
Res. vs mult

GC + EGJ

0.466 NS

0.200
NS

Preoperative
CRT vs mult CT
Preoperative
Res. vs mult CRT

EGJ (I, Ⅱ, Ⅲ)

0.07
NS (3 yr)
0.003

0.060
NS (3 yr)
< 0.001

Trial name

Neoadjuvant CRT
POET[51]

CRT

CROSS[52]

CRT

Adjuvant CT
ACTS-GC[53,54]

CT

CLASSIC[65]

CT

Adjuvant CRT
INT 0116[55]

CRT

ARTIST[72]

CRT

Esophagus + EGJ I,
Ⅱ, Ⅲ

Postoperative
Res. vs mult
Postoperative
Res. vs mult

Not given

0.002

< 0.001

GC + EGJ

0.049
(3 yr)

< 0.0001
(3 yr)

Postoperative
Res. vs mult
Postoperative
Res. vs mult

GC + EGJ

0.005

< 0.001

GC

Not given

0.0824
NS (3 yr)

CT: Chemotherapy; CRT: Chemoradiotherapy; GC: Gastric; EGJ: Esophageal gastric junction; OS: Overall survival; PFS/DFS: Progression-free survival/
disease-free survival; Mult: Multimodal treatment; Res: Surgical resection alone.

proved by a Dutch study, showing a reduction in local
recurrences after CRT in patients with D1 resection,
whereas this effect was not seen in the D2 resection
[73]
group .
The problem of GEJ region radiotherapy is descri
bed later. The main difficulty is that these patients
are subgroups in esophageal cancer and GC trials.
Some of these problems were mentioned above, for
example, in a neoadjuvant setting as in the CROSS
[52]
trial . After GEJ surgery, additional CRT is based on
the INT-0116 trail (approximately 20% of patients in
[55]
this trial had a GEJ location) . In the current AJCC
staging, GEJ tumors are staged as esophageal and not
as gastric. The only trial exclusively for GEJ tumors
was done in Germany, analyzing neoadjuvant CRT vs
[51]
chemotherapy alone . There was a higher rate of
complete pathological response (15.6% vs 2%), and a
trend towards improved 3-year survival (47% vs 28%,
[51]
P = 0.07) in favor of neoadjuvant CRT .
The German trial also tried to identify those
patients who would benefit from neoadjuvant therapy
using positron emission tomography/computed
[74]
tomography . The MUNICON study tried to predict
response after 2 wk of NC in GEJ cancer. Non-responders
to chemotherapy underwent surgery, sparing them
from unnecessary toxicity, as well as undergoing
surgery earlier. It should also be noted that most GEJ
tumors are fluorodeoxyglucose (FDG) sensitive, but in
[75]
30% they do not take up FDG . The solution might
be to use radioisotopes such as fluorothymidine for
[76]
GC . The most important studies from multimodal GC
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treatment are presented in Table 1.

Targeted therapies

The new drugs that may be used in targeted thera
pies probably play an increasing role in modern
treatment of GC. Epidermal growth factor receptor
(EGFR) is overexpressed in most GC. The trials that
used anti-EGFR antibody cetuximab (EXPAND trial),
and panitumumab (REAL3 trial) failed to improve
[77,78]
survival in GC patients
. In REAL3, panitumumab
was shown to actually worsen survival of treated
[78]
patients . Another antibody tested in an adjuvant
setting in GC is bevacizumab against vascular
endothelial growth factor A. In the AVAGAST trial,
this antibody did not improve OS when added to
[79]
standard chemotherapy . Overexpression of human
epidermal growth factor receptor-2 (HER-2/neu) is
present in > 20% of patients with GC. An antibody
against this receptor - trastuzumab - showed signi
ficant improvement in OS in metastatic gastric and
[80]
GEJ cancers in the ToGA trial . The oral antibody
lapatinib is currently being investigated for HER-2positive GC in the LOGIC trial. Currently, we await
the results of ongoing trials using molecular-targeted
drugs in GC: LOGIC (lapatinib), TYTAN (lapatinib),
RAINBOW (ramucirumab), GRANITE-1 and GRANITE-2
(everolimus). We also need to mention that currently
many drugs are being tested in phase Ⅰ and Ⅱ trials,
such as the recently finished phase Ⅱ trial of apatinib,
[81,82]
with promising results
. From the molecular point
of view, the greatest interest lies in drugs that will
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be effective against VEGR2, c-MET, FGFR1, 2, HER2,
HER3, and members of the PI3K/AKT/mTOR pathway.

IPEC was superior after curative surgery vs surgery
alone, and combination of HIPEC and activated carbon
particles was significantly better than other drug
combinations. The second meta-analysis, by Yen et
[94]
al , reviewed all clinical trials of IPEC. Among 13
trials, four of them investigated the efficacy of HIPEC,
five NIPEC, two EPIC, two combined HIPEC and EPIC,
and finally, two trials reported the combined effects
of DIPEC. All data form 1648 patients showed a
significant difference in survival of patients treated with
HIPEC, or HIPEC together with EPIC. A trend toward
survival improvement was observed with NIPEC. No
benefit was seen using EPIC or DIPEC. In our opinion,
the addition of HIPEC may provide a survival benefit
in patients at high risk of PC after gastrectomy, such
as patients with diffuse-mixed type, serosal invasion,
or positive peritoneal cytology. HIPEC is an effective
treatment in patients with free cancer cells and cancer
microfoci, but becomes less effective as the tumor
[30]
size increases, and the disease is disseminated .
A new trial is ongoing to prove the effectiveness of
HIPEC during curative gastrectomy in case of positive
peritoneal cytology (GASTRICHIP trial). This new
perspective can probably assist wider usage of HIPEC
to prevent further PC.

Hyperthermic intraperitoneal chemotherapy

In advanced cases PC of gastric origin is a condition
with poor prognosis, with a mean survival range of
[30]
2.2-8.8 mo and no 5-year survival probability .
The peritoneal surface is a preferential site of GC
dissemination. The current lack of efficient systemic
therapy has led many clinicians to combat this
localized disease by intraperitoneal administration of
cytotoxic agents (intraperitoneal chemotherapy; IPEC).
Other possible delivery options have been described,
like perioperative normothermic intraperitoneal
chemotherapy (NIPEC), hyperthermic intraperitoneal
chemotherapy (HIPEC), early postoperative intra
peritoneal chemotherapy (EPIC), and delayed
[83]
postoperative intraperitoneal chemotherapy (DIPEC) .
As Spratt in 1980 proposed HIPEC with additional
cytoreductive surgery, this new therapeutic option
[84]
began to play an important role in advanced GC . The
advantage of HIPEC in comparison with other ways of
delivering IPEC is the combined effect of cytostatic drug
and heat, which results in a greater cytotoxic effect on
[30]
the cancer cells . Neoadjuvant as well as adjuvant
treatment showed a potential benefit in decreasing
[85]
rates of PC . Initial IPEC studies showed that
patients receiving chemotherapy intraperitoneally with
mitomycin C, but also cisplatin and 5-FU had better OS
[86]
after curative resection of locally advanced GC . After
[87]
the first report by Fujimoto et al
regarding HIPEC
in patients with secondary PC, others have used that
technique for PC of GC origin. In one of the biggest
studies on 107 patients treated with HIPEC, Yonemura
[88]
et al showed that patients who underwent complete
resection had better 5-year survival than those with
residual disease (13% vs 2%). The completeness of
[89,90]
resection was an independent prognostic factor
.A
French multi-institutional study on 159 patients showed
that radical resection and HIPEC were associated with
[83]
a 5-year survival rate of 23% . However, it should
be emphasized that only a small proportion of patients
who underwent complete macroscopic cytoreduction
(R0 or R1) had a chance of survival in that study.
Another issue is PC after radical gastrectomy. The
peritoneal surface is the most common site of GC
recurrence after surgery. After curative resection,
PC may occur in 20%-50% of cases, and rises up to
[91,92]
80% in cases with positive peritoneal cytology
.
The biggest problem is that adjuvant intravenous
chemotherapy or radiotherapy does not improve
survival in patients at high risk of PC. Only IPEC
may prevent the development of PC, and addition of
hyperthermia synergistically with some drugs increases
[30]
the depth of penetration into the tissue .
At least two meta-analyses have studied IPEC. In
[93]
the first by Xu et al
of 11 randomized clinical trials,
seven compared surgery + HIPEC vs surgery alone.
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Metastatic GC

GC is often diagnosed as an advanced disease,
especially in western countries where no screening
for early diagnosis is used. The surgical resection
of all pathological tissues is essential for curative
treatment, and in most cases of advanced disease, it
is not possible. Palliative chemotherapy for stage Ⅳ
GC is a treatment of choice. Because of improvement
of modern chemotherapy, better response, and
usage of surgical techniques, survival of stage Ⅳ GC
has improved during recent decades. The biggest
question is who will benefit from more aggressive
treatment, especially keeping in mind that extended
survival is important, as well as patients’ quality of
[95]
life (QoL) . The role of surgery even in primarily
incurable disease has increased because some patients
who respond well to chemotherapy might be restaged
and eventually undergo surgery. Unfortunately, the
outcomes measured in most studies are limited to
survival. Surgical palliation should be defined as a
[96]
treatment that relieves symptoms or improves QoL .
Surgical resection that does not remove all pathological
masses should be named as noncurative rather than
palliative. In the SEER database of 23830 patients
with stage Ⅳ disease, surgery was offered to 45.7%
of patients. Overall, the median survival was only 4
mo. The surgical approach is associated with some
survival advantages compared with other palliative
[97]
treatments. In the study by Li et al
on a group of
253 synchronous GC metastases, 5-year survival
was 6.5% for patients with resection vs 0% without
surgery. Multivariate analysis proved that patients

7963

July 14, 2015|Volume 21|Issue 26|

Marrelli D et al . Multimodal treatment in gastric cancer

T1N0 (JGCA standard criteria)

Endoscopic resection

Other T1N0
T1N+
T2N0

D2 open/mini-invasive

T3 / N+
T4a cy-

NAC + D2/D2plus

42.5
T4a diffuse type
T4b
cy+

Heater
NAC + D2/D2plus + HIPEC

Reservoir
Pump

Pump

Adjuvant chemotherapy should be also considered, according to final pathological report

Figure 5 Proposal of a tailored multimodal approach in resectable non-cardiac gastric cancer. JGCA: Japanese Gastric Cancer Association; NAC: Neoadjuvant
chemotherapy; HIPEC: Hyperthermic intraperitoneal chemotherapy.

with liver metastases, peritoneal dissemination, and
those without resection deteriorated. The survival
difference between groups with or without resection
was only seen with those who had single site peritoneal
dissemination. The Cochrane review found that
chemotherapy improved survival over best supportive
[98]
care in patients with incurable GC . The authors also
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stated an advantage for combination chemotherapy
over single agent approaches. The improvement in
tumor response after multimodal treatment again
raises a question about the surgical approach. In a
Japanese study of 28 patients who responded well to
S-1-based chemotherapy, there was a 93% rate of
R0 resection. A complete response was seen in four
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patients, and the median survival was 29 mo, with
[99]
34% 5-year survival . In the French FREGAT study,
palliative gastrectomy was performed because of solid
organ metastases (5.6%), localized PC (4.6%), diffuse
[100]
PC (2.3%) or incomplete tumor resection (12.8%) .
Median survival of patients with resection was better
than in the non-resection group (11.9 mo vs 8.5 mo,
P < 0.001). Multivariate analysis proved that factors
associated with survival were: ASA score Ⅱ-Ⅳ, localized
PC, diffuse PC, and signet ring histology. Patients with
ASA Ⅰ/Ⅱ and incomplete resection without metastasis
or PC, one-site solid organ metastasis without PC, or
localized PC without signet ring cell histology, showed
the highest benefit from surgery. This subgroup of
patients had median survival from 12 to 18.3 mo.
Analyzing surgical treatment in the case of distant
metastases, we must also mention treatment of liver
metastases from GC. No trials have been performed in
[101]
this field, and a recent review by Grimes et al
was
based on 17 retrospective studies. The solitary disease
patients had better OS than those with metachronous
disease, and patients with metachronous disease had
better prognosis than those with synchronous disease.
Hepatectomy in these patients is a safe procedure with
about 2% perioperative mortality, and morbidity from
17% to 60%. The authors state that metachronous
metastatic disease limited only to the liver, with the
possibility of surgical resection, should be consider in a
clinical trial.
In the latest GIRCG study on synchronous hepatic
metastases in cases of GC, it was clear that clinical
criteria could be used to select candidates for curative
surgery. The surgical approach has an impact on
survival especially when adjuvant chemotherapy is
[102]
added .

CONCLUSION
Results of treatment in specialized western centers
are good in early stage (Ⅰ/Ⅱ) GC, but are still unsatis
factory in more advanced stages (ⅢB and higher),
when compared with eastern studies. Treatment options
have changed in recent years from a standard to a
tailored approach. Different individualized procedures
can range from endoscopic resection, D2 with open or
minimally invasive approach, to neoadjuvant therapy
followed by extended surgery (Figure 5). In more
advanced stages, a combined approach with the
inclusion of HIPEC may represent a new frontier for
multimodal treatment of resectable GC. It should be
also emphasized that tailored treatment of GC involves
appropriate pretreatment clinical staging of the disease.
Clinicians should expect to face, in the future, fewer GC
cases, but with higher biological aggressiveness, due
to the relative increase of proximal and DT tumors. The
high propensity of DT to lymph node metastasis and
peritoneal dissemination makes multimodal treatment,
in particular including NC and HIPEC, a modern and
necessary approach to this still fatal disease.
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EDITORIAL

Management of ampullary neoplasms: A tailored approach
between endoscopy and surgery
Francesca Panzeri, Stefano Crippa, Paola Castelli, Francesca Aleotti, Alessandro Pucci, Stefano Partelli,
Giuseppe Zamboni, Massimo Falconi

Abstract

Francesca Panzeri, Department of Surgery, Ospedale “Mater
Salutis”, 37045 Legnago, Italy

Ampullary neoplasms, although rare, present dis
tinctive clinical and pathological features from other
neoplastic lesions of the periampullary region. No
specific guidelines about their management are
available, and they are often assimilated either to
biliary tract or to pancreatic carcinomas. Due to their
location, they tend to become symptomatic at an
earlier stage compared to pancreatic malignancies.
This behaviour results in a higher resectability rate at
diagnosis. From a pathological point of view they arise
in a zone of transition between two different epithelia,
and, according to their origin, may be divided into
pancreatobiliary or intestinal type. This classification
has a substantial impact on prognosis. In most cases,
pancreaticoduodenectomy represents the treatment
of choice when there is an overt or highly suspicious
malignant behaviour. The rate of potentially curative
resection is as high as 90% and in high-volume centres
an acceptable rate of complications is reported. In
selected situations less invasive approaches, such
as ampullectomy, have been advocated, although
there are some concerns mainly because of a higher
recurrence rate associated with limited resections
for invasive carcinomas. Importantly, these methods
have the drawback of not including an appropriate
lymphadenectomy, while nodal involvement has been
shown to be frequently present also in apparently lowrisk carcinomas. Endoscopic ampullectomy is now the
procedure of choice in case of low up to high-grade
dysplasia providing a proper assessment of the T status
by endoscopic ultrasound. In the present paper the
evidence currently available is reviewed, with the aim
of offering an updated framework for diagnosis and
management of this specific type of disease.
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Recurrence

1912. The latter approach resulted in a reduced risk
of recurrence, even if it maintains still nowadays high
[8]
morbidity rates. In 1993 Binmoeller reported the first
endoscopic resection of the ampulla with a curative
intent. This procedure is technically demanding, but in
the last 20 years advances in endoscopic procedures
with ablative techniques (such as mono, bi and argon
plasma coagulation) as well as pancreatic and biliary
stenting led to a low morbidity and mortality risk.
Indeed endoscopic ampullectomy is the procedure of
choice for ampullary adenomas and can be chosen
as an alternative procedure in patients not eligible for
surgery. The aim of this paper is to provide a review of
the modern diagnostic tools and different treatments
for ampullary neoplasms, including both endoscopic
and surgical approaches.

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

Core tip: In this paper we review current evidence
regarding ampullary neoplasm, with a particular
focus on diagnosis and treatment. We are providing
a framework for management of these neoplasms
that, although rare, display distinctive clinical features.
Current evidence about optimal management is
reviewed, outlining the role of surgery as compared to
newer endoscopic techniques: indeed, while surgery
is mandatory for invasive carcinomas due to possible
nodal involvement, endoscopy should be considered for
non-invasive lesions.
Panzeri F, Crippa S, Castelli P, Aleotti F, Pucci A, Partelli S,
Zamboni G, Falconi M. Management of ampullary neoplasms:
A tailored approach between endoscopy and surgery. World J
Gastroenterol 2015; 21(26): 7970-7987 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i26/7970.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i26.7970

ANATOMY
The vaterian system is located in the wall of the
second part of the duodenum, at the confluence of the
common bile duct and the major pancreatic duct. It
includes the duodenal papilla (a mucosal elevation into
duodenal lumen), Oddi’s sphincter muscle, a fibrous
covering and the ampulla of Vater. A true ampulla,
defined as a dilated reservoir into which the ducts
empty, is an infrequent finding (3%): indeed there
are several anatomical variations in the connection
between the two ducts.
In consideration of the anatomical characteristics
we reported above, it is very difficult to localize the
precise origin of tumors once they have invaded
[2]
adjacent tissue .

INTRODUCTION
Neoplasms of the ampulla of Vater account for only
[1]
0.5% of all gastrointestinal malignancies . Although
ampullary carcinomas are rare neoplasms, they
occur more frequently in the ampullary region than
[2]
elsewhere in the small intestine . The papilla is a
nipple-like structure on the medial aspect of the
second portion of the duodenum, best visualized with
a side-viewing endoscope. Ampullary carcinomas
are defined as gland-forming malignant epithelial
neoplasms, which originate in the ampullary complex,
distal to the bifurcation of the common bile duct and
[3]
the pancreatic duct .
One of the possible causes of developing neoplasms
in this area is that the ampullary region contains a
transition from pancreatobiliary to intestinal epithelium,
and such areas of transition are inherently unstable. As
observed by Cattell and Pyrtek in 1949, the ampullary
region is “an area of epithelium transition which is
[4]
constantly being irritated chemically and mechanically” .
The appropriate diagnosis of ampullary neoplasms
can be challenging and nowadays different diagnostic
modalities can be considered including high-resolution
imaging techniques, endoscopy and endoscopic
[5]
ultrasound (EUS) .
As a matter of fact, there are no specific guidelines
for the diagnosis of these neoplasms. Usually ampullary
neoplasms are incorporated into the guidelines of biliary
[6]
[7]
tract or pancreatic carcinomas .
Regarding treatment, the first local resection of an
ampullary lesion was reported in 1898 and the first
radical resection (pancreaticoduodenectomy - PD) in

WJG|www.wjgnet.com

EPIDEMIOLOGY
The cancer of the ampulla is a rare disease with an
incidence of less than one per 100000; in autopsy
series, ampullary neoplasms are seen in 0.06%-0.21%
[3]
of the general population .
In a large series of 5625 patients with cancer of
the ampulla, 10% of cases had a previously reported
primary cancer in another anatomic site, while in 90%
of patients the ampullary lesion was the initial primary
[9]
neoplasm .
In the same study, women were found to be
less frequently affected (0.36/100000) than men
(0.56/100000, P < 0.05). The disease is also more
common in Caucasians than in Afro-Americans.
[9]
In the study by Albores-Saavedra et al an
increase of ampullary cancer incidence from 1973 to
2005 has been reported, with an annual percentage
rate of 0.9%.
The rates of incidence of the various histological
subtypes of ampullary cancer have been approximately
the same across all ages group, suggesting similar
or overlapping carcinogenic pathways. In all of
the histological types surveyed, cancer was found
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predominantly in the older age groups. According to
the age-specific rates, the incidence of cancers of the
ampulla began to increase after age 30, but increased
more rapidly after age 50 in both men and women;
average age at diagnosis is between 60 and 70 for
sporadic forms.
Although ampullary cancers are generally sporadic,
some hereditary syndromes are associated with
a higher risk for this type of cancer. The strongest
predisposition for ampullary neoplastic disease is
represented by the familiar adenomatous polyposis
(FAP) syndrome. FAP patients frequently develop
duodenal adenomas and their risk of periampullary
cancer is 100%-200% higher compared to the general
population; this results in a prevalence of ampullary
[10]
cancer of 3%-12% . Compared to sporadic cases,
familiar cases of ampullary cancer also tend to present
at a younger age.

have been developed according to their gross
appearance based on duodenal aspect or extension
of neoplasm. Three distinct categories of carcinomas
are recognized, after the correlation of gross and
microscopic features: (1) intra-ampullary neoplasms,
characterized by a prominent intraluminal growth of
the pre-invasive neoplasms, which frequently protrude
into the duodenal lumen from a patulous orifice of the
papilla of Vater; (2) peri-ampullary, with prominent
exophytic, ulcerous-vegetating components on the
duodenal surface of the ampulla. The ulcerating part
frequently corresponds to the invasive component,
whereas the vegetating part represents the preinvasive component; and (3) mixed exophytic and
[2,30,31]
mixed ulcerated lesions
. The Presence of
[32]
ulcerations is associated with poor survival rate .

Microscopy

The complex histological structure of the papilla
of Vater gives rise to a heterogeneous group of
neoplasms with different histologic types, classified
according to the predominant component.
[33]
Kimura et al
were the first to demonstrate that
adenocarcinomas originating in the ampulla of Vater
may be divided in two subsets according to their type
of differentiation, which can be either “intestinal” or
“pancreatobiliary”.
The intestinal type, the most common invasive subtype, is characterized by tubular or cribriform glands
similar to those of colon-rectal adenocarcinomas.
Incidence of this subtype is reported with a wide
[2,33-36]
variability in different case studies (25%-78%)
.
Most cases are associated with areas of residual
adenoma, within the ampulla and in the surrounding
duodenal mucosa. The adenocarcinomas arising in
an adenoma (adenocarcinoma in villous adenoma,
in tubulo-villous adenoma, in adenomatous polyp,
and villous adenocarcinoma), are usually smaller and
show a better prognosis. They show intestinal type
immunophenotype, with the expression of keratin 20,
[37,38]
MUC2 and CDX2
(Figure 1).
The pancreatobiliary type adenocarcinomas
closely resemble primary tumors of the pancreas or
extra hepatic bile ducts and represent 22%-74% of
[2,33-36]
ampullary adenocarcinomas
. They are composed
of glands associated with an abundant desmoplastic
stroma, and stain positively for MUC1, MUC 5a and
[37,38]
CK7
(Figure 2). Pancreatobiliary carcinomas have
a worse prognosis, being frequently associated with
unfavourable histopathologic features, such as lymph
node invasion, perineural infiltration or areas of poor
[25,28,33,39-42]
differentiation
.
Some ampullary adenocarcinomas may exhibit
mixed features of both intestinal and pancreatobiliary
type; the distinction between the two patterns may be
difficult in less differentiated cases.

CLINICAL FEATURES
Obstructive jaundice is the most common presenting
[11-13]
symptom of ampullary cancer (85%)
, caused
by compression of the distal bile duct by the tumor.
In contrast to biliary obstruction due to passage of
calculi, in ampullary neoplasms jaundice is usually
persistent rather than intermittent and may be
accompanied by a distended, palpable gallbladder
(Courvoisier’s sign), that is however an uncommon
finding (only 15% of cases). Gallstones are
present in one third of patients, which may lead to
[14]
misdiagnosis . Presence of jaundice is associated
with advanced stage of disease and increased risk
[15-20]
of tumor recurrence after resection
. Other
common symptoms include weight loss, fatigue and
abdominal pain which are present in more than half
[21]
of patients . Acute pancreatitis is less frequent, but
[22]
ampullary cancer should be ruled out in this case .
Up to one-third of patients have chronic, frequently
occult, gastrointestinal blood loss but occasionally
[23]
frank bleeding may occur . Rarely, large lesions may
produce gastric outlet obstruction.
Serum CA 19-9 is elevated in 86.4% of ampullary
[24]
carcinoma patients .

PATHOLOGY
Because of their location, at the time of diagnosis
[25]
ampullary carcinomas are often small
(at pre
[26]
sentation 17% are less than 1 cm , 23% are less
[27]
than 2 cm and 75% are less than 4 cm ) Despite
their small size, the common bile duct is almost always
dilated and the pancreatic duct is dilated as well in half
[2]
of the patients . As a collateral remark, this mismatch
between tumor size and biliary obstruction explains
why, compared to pancreatic cancers, resectability
at presentation is significantly higher (70%-80% vs
[28,29]
10%-25%)
.
Several classifications of ampullary carcinomas
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Adenocarcinoma variants

Although closely related to the conventional type,
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A

B

Figure 1 Intestinal type adenocarcinoma HE (A) and CDX2 (B).

A

B

Figure 2 Pancreatobiliary type adenocarcinoma HE (A) and MUC1 (B).
[43]

distinct variants of adenocarcinomas include : (1)
adeno-squamous carcinoma: a malignant neoplasm
composed of a mixture (> 30%) of two neoplastic
components, a glandular and a squamous cell
[44]
component; (2) colloid carcinoma
characterized
by the presence of mucin-producing neoplastic cells
(that should comprise at least 80% of the lesion)
floating in large pools of extracellular mucin. Since
the vast majority of colloid carcinomas of the ampulla
express the intestinal markers CDX2 and MUC2, these
tumours are regarded as variants of intestinal-type
[9]
adenocarcinomas; (3) signet-ring cell carcinoma :
highly malignant neoplasm predominantly composed
of infiltrating non-cohesive cells with intra-cytoplasmic
mucin, which displaces the nucleus towards the
periphery, creating the signet ring cell appearance.

WJG|www.wjgnet.com

Cells may be associated with extracellular mucin but
the large pools seen in colloid carcinoma are lacking.
Since this entity is very rare, metastases from other
more common signet cell carcinomas, mammary
or gastric, should be ruled out; (4) undifferentiated
carcinoma: highly aggressive neoplasm without a
definite direction of differentiation. They can occur
ex-novo or be associated with other ampullary
neoplasms. They are usually large and widely
invasive. The spectrum of morphology varies from
highly cellular, pleomorphic epithelioid mononuclear
cells with abundant cytoplasm, often admixed
with bizarre multinucleated giant cells to relatively
monomorphic epithelioid and spindle; (5) papillary
[45]
adenocarcinoma : they may show a non-invasive
papillary component and an invasive carcinoma. The
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nodes; anterior and posterior pancreatico-duodenal
nodes) and the lymph nodes along the hepatic
artery, proximal mesenteric artery, celiac axis and
pyloric regions. Optimal histological examination of
pancreaticoduodenectomy specimen should include
[47]
analysis of a minimum of 12 lymph nodes .
Metastatic lymph nodes are found in 28% to
[49]
60% (Table 2) of resected ampullary carcinomas .
Tumors that invaded the duodenal submucosa showed
regional lymph node involvement in 42% of cases,
while metastatic disease was almost never found with
tumors limited to the mucosa or to the sphincter of
[48]
Oddi . Cannon et al reported an incidence of node
metastasis respectively of 0%, 46%, 50% and 100%
in T1, T2, T3 and T4. While it has been consistently
confirmed that T stage is an important predictor
of nodal status, many other Authors have instead
observed nodal metastases also in T1 tumors, with
[16,50-53]
a frequency ranging from 10% to 50%
. This
observation is particularly important for surgical
management of these lesions, as we will discuss in the
section about treatment.
In particular, lymph node involvement was
significantly more common for pancreatico-biliary
[36]
type tumors (55% vs 18% for intestinal type) ,
[54]
neuroendocrine carcinomas (57%)
and poorly
[2]
differentiated carcinomas . Metastasis to lymph nodes
outside the regional groups described above, such
as nodes of the pancreas tail or para-aortic ones, is
considered as metastatic disease (M1).
[55]
Metastases (< 10% at presentation)
are
commonly found in the liver and peritoneum and are
less frequently seen in lungs and pleura.
In 35% to 80% of cases lymphatic and blood
vessel involvement is encountered, while perineural
[28,48]
invasion occurs less frequently
.
Compared to the previous one, the new stage
classification has been modified according to new
prognostic information; nodal positivity is included
in stage ⅡB, while stage Ⅲ comprises patients with
extensive (T4) tumors, with or without nodal disease.
Stage Ⅰ has now been divided into two subsets: IA,
including tumors limited to the ampulla of Vater or
sphincter of Oddi, and IB, indicating cancers that
invade the duodenal wall. Similarly, stage Ⅱ has
been split into ⅡA, indicating tumors that invade the
pancreas (T3), and ⅡB, which include T1-3 tumors
with nodal disease. Stage Ⅳ is represented by
[56]
metastatic tumors .
Following surgical resection, recurrence may occur
locally (involving the tumor bed or the para-aortic
[57]
lymphatics)
or at a distant site. Peripancreatic
lymph nodes are the most frequent site of nodal
involvement and, compared to pancreatic carcinoma,
disease is more likely to be limited to this region. The
spreading of ampullary carcinoma generally follows a
halsteadian progression: nodal involvement manifests
first, followed by appearance of liver metastases and

Table 1 Staging classification of the ampullary neoplasms
according to the American Joint Committee on Cancer TNM
th
[47]
classification, 7 edition
T = Primary Tumor
TX
Primary tumor cannot be assessed
T0
No evidence of primary tumor
Tis
Carcinoma in situ
T1
Tumor limited to ampulla of Vater or sphincter of Oddi
T2
Tumor invades duodenal wall
T3
Tumor invades pancreas
T4
Tumor invades peripancreatic soft tissue or other adjacent
organs or structures other than pancreas
N = Regional Lymph Nodes
NX
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis
M = Distant Metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastasis
M1
Distant metastasis
G = Histologic Grade
GX
Grade cannot be assessed
G1
Well differentiated
G2
Moderate differentiated
G3
Poorly differentiated
G4
Undifferentiated
Stage
T
N
M
0
Tis
N0
M0
T1
N0
M0
ⅠA
T2
N0
M0
ⅠB
T3
N0
M0
ⅡA
T1
N1
M0
ⅡB
T2
N1
M0
T3
N1
M0
T4
Any N
M0
Ⅲ
Any T
Any N
M1
Ⅳ

invasive carcinomas show either pancreatobiliary
or intestinal phenotype; and (6) neuroendocrine
[46]
carcinoma : characterized by either small or large
neuroendocrine-cells, grade 3 (G3). Their histological
features and prognosis resemble those of their
pulmonary counterparts.
According to the Surveillance Epidemiology and
[9]
End Results (SEER) program , well and moderately
differentiated carcinomas (grade Ⅰ-Ⅱ) predominated
over high-grade carcinomas (grade Ⅲ-Ⅳ), with a
frequency of 15.6% and 33.6% for grade Ⅰ and Ⅱ
respectively, as opposed to 20.8% and 1.4% for grade
Ⅲ and Ⅳ, respectively.

STAGING
The 2010 AJCC staging system is reported in Table
[47]
1 . The T classification depends on the extension of
the primary neoplasm: local spread begins from within
the ampulla of Vater and the sphincter of Oddi (T1),
then extends into the duodenal wall (T2) or beyond,
into the head of the pancreas (T3) or contiguous soft
[48]
tissue or organs (T4) .
Regional lymph nodes include the peripancreatic
lymph nodes (superior and inferior pancreatic head

WJG|www.wjgnet.com
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88/70
72/51
157/145
63/51
78/70

94/64
55
90/90
157/150

Bettschart et al[18]
Brown et al[91]
Carter et al[137]
Chareton et al[35]
Choi et al[129]

Di Giorgio1 et al[138]
Duffy et al[92]
Falconi et al[19]
Hornick et al[16]

7975

127/127
69/66
71/71
23/23
120/106

66/59
114/114
41 ampullary

Todoroki et al[95]
Westgaard et al[25]

123/101
59/59
34/34
28/28
104/104
51
94/94
72/72
50/50
244/244

Qiao et al[59]
Roder et al[144]
Sakata et al[130]
Shinkawa et al[145]
Talamini1 et al[51]

Howe1 et al[28]
Iacono et al[139]
Inoue et al[140]
Kawaguchi et al[141]
Kim et al[34]
Kimura et al[36]
Klempnauer et al[142]
Lazaryan et al[20]
Norero et al[143]
Ohike et al[134]

67/67
171/171

Allema et al[136]
Beger et al[50]

106
Adenocarcinoma

50/50

n /resected

Albagli et al[128]

Ref.

0.0
3.5

60.0
57.0

40.0

3.8

-

35.0
42.0
48.0

38.0

9.6
-

9.7
4.5
0.0

97.0
96.0

39.4
45.0
38.0
34.0

93.2
65.0

-

98.4
97.2

95.0

96.1
-

100.0
98.2

97.2
100.0
86.0
95.7

75.0
79.6

-

45.5
37.3

28.0
41.8
48.0
59.8

40.0
47.0
33.0
31.4

52.0
54.0

36.0

5.0
7.8

8.6
0.0
4.0

0.0
2.0
7.5
2.6

1.5
3.1

8.0

N0 52%
N+ 39%
50%
N+ 21%
N0: 63%
37.91
58%
40%
59.90%
N0 63.5%
N+ 50.8%
64.4%
67.70%
61% (disease free)
Adenocarcinoma
45%
Adenoma 82%
N+ 47%
N0 63%
46%
46%
52.6%
56.4%
60.1%

5 yr

35.7%
55%
32%
-

-

28.6%
-

57.6%

33%

-

29%

-

-

10 yr

Survival-resected

34.5%
61%
32%
162 (66) other
33%
82 (34) intestinal Hi budding 24%
Low budding
68%
43.3%
35%
64%
52%
38%
N+ 31%
N0 43%
52.6%
67 (59)-47 (41.2)
-

62 (60)-42 (40)
38 (74)-13 (25)
-

-

-

53 (45)-54 (46)
-

-

-

Operative
Positive nodes R0 (%) Pancreatobil/
mortality (%)
(%)
intestinal, n (%)

Table 2 Survival in papillary tumors and predictors of poor prognosis

46

41

28
-

37

58.8
31

54
-

70

-

45.8

-

-

Median survival resected (mo)

R+, CEA, Ulcerated, T2, N+, Stage2, Ly+2, V+
Pancreatobil2, N+2, V+2
Size2

N+2, T2, Stage, Pan+
N(nr)
G, Pan+, Ly+2, V+2, Neu+, R+, N+2, LNR
Pan+, N+
No resection, Transfusion2, N+, G2-3

No resection, N+2, R+2, G3
G, T2, N+, Chromosome 17p2, 18q2, Micro satellite instab., Standard PD
N+2, Pan+, V+2, Neu+2, SMA2
Duo+, Ly+, V+2
2
2
T , CEA, N+ , G32, Pancreatobil2, Neu+, Ly+
Pancreatobil
Size2, G3, N+, Stage
Neu+2, Ulcerated2, N+2, Stage, Weight loss
N+2
Budding2, N+2, T2, R+2

No resection , Size, G, Depth of infiltration2
Neu+2
Stage, T, LNR2
Jaundice, Stage, N+

Bilirubin2, Age > 70, G3, N+2, Neu+, Pan+
N+2, T, G
Pancreatobil2, Bilirubin, Stage2, N+, T, Ly+2, Neu+2
Stage, Ampullectomy
Jaundice, Ulcerated, Pan+, G

R+
N+2, Pan+, R, Stage2, G2-3

None

Predictors of worse survival or recurrence
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74/59
105/105

Adenoca: 347

450/450

8.6

2.0

53.5
37.1

54.5

100.0

96.1

-

Adenocarcinoma
45%
Adenoma 86%
N+ 35%
N0 56%
61.0%
42.8%
53%

-

N0 79

N+ 23.4

Pan+2, N+2, Jaundice, V+, Ly+2, Neu+, G
Pan+, Size2, T, TNM stage, N(nr)2

N+2, Neu+2, Transfusion2

WJG|www.wjgnet.com

In the diagnostic evaluation of jaundiced patients with suspected malignant bile duct obstruction, benign tumors, inflammatory diseases and gallstones must be
excluded first. Then the extent of tumor invasion and spread has to be established. During the diagnostic workup, another issue is to differentiate primary ampullary
carcinoma from the more common periampullary tumors, including pancreatic, duodenum and bile duct carcinomas. In most cases, the distinction is not essential from
a surgical point of view because, if a malignant lesion is suspected in that area, the patients will undergo the same operation (pancreaticoduodenectomy). However
ampullary and periampullary tumors have substantially different oncologic implications and prognosis.
In the evaluation of patients with jaundice trans abdominal ultrasonography should be the first imaging study, since it can identify intra and extra hepatic bile duct
[58]
dilatation, a distended gallbladder and gallstones; however the ampullary tumor may not be visualized . As shown in Table 3, Ultrasound (US) sensitivity rate in
[5,59-61]
[60]
tumor detection ranges from 5% to 15%
, however indirect signs may be present in up to 70% of cases . Due to low sensitivity of US, it is necessary not to
underestimate indirect signs and to maintain a high level of suspicion. US evaluation in any case can give a clue to choosing the next most appropriate diagnostic exam:
if a cystic mass is detected MRCP should be preferred. CT scan must be chosen if the mass is solid, whilst when no masses are identified (eco)endoscopy (EUS) must
be performed.
Abdominal CT is more sensitive than US for evaluating the periampullary region, since it is not limited by the presence of bowel gas or obesity and is less operatordependent. On the other hand, its diagnostic accuracy is not very high for small ampullary masses, especially if they are located within the duodenal wall or in the lumen.
[5,60,62]
For the previous reasons, CT scan sensitivity is highly variable according to different reports ranging from 19% to 69%
. As shown in Table 3 CT specificity in tumor
[60,61,63,64]
[5]
detection also varies widely, from 20% to 76%
, while accuracy is only 28.6% as reported by Chen et al . In order to maximize CT sensitivity, i.v. contrast
[2]
medium should always be used in order to obtain arterial and venous phase imaging and water should be administered as oral contrast agent to distend the duodenum .
A bulging papilla can be encountered in healthy individuals as well as in patients with inflammatory diseases (papillitis from passage of biliary stones, parasites, infections
or periampullary diverticula), benign or malignant tumors. Mural thickening and attenuation pattern of contrast medium may be of help for differentiating normal from
[65]
[66]
pathological papilla . CT spatial resolution is often inadequate to define the local tumor invasion into the surrounding structures . As a final consideration, CT is
however always necessary for staging any malignant disease, as it can identify distant metastatic involvement like regional lymph-nodes, liver, peritoneum, lung and
[67]
bone. CT virtual endoscopy is a new non-invasive diagnostic tool, which still has to be more extensively evaluated and developed .
Endoscopy is particularly helpful in establishing the diagnosis. In about two thirds of cases, ampullary and duodenal neoplasm are visible endoscopically as exophytic
[21]
or ulcerated masses . Endoscopic retrograde cholangio-pancreatography (ERCP), is useful for distinguishing true ampullary malignancies from pancreatic and bile duct

DIAGNOSIS

subsequently distant dissemination.
Some data suggest a preferential lymphatic drainage flow from posterior pancreatico-duodenal lymph nodes to nodes located around the superior mesenteric artery,
[32]
thereby underlining the importance of nodal dissection at least in these areas .

Including not resected pts; 2Independent predictor; duo+: Duodenal invasion; G: Histologic grade of differentiation; LNR : Lymph nodes ratio; Ly+: Lymphatic vessel invasion; N+: pOsitive lymph nodes; N(nr): Number of
metastatic lymph nodes; Neu+: Perineural invasion; Pan+: Pancreatic invasion; Pancreatobil: Pancreatobiliary histological subtype; R+: Positive resection margins; No resection: Patients not resected vs those who underwent
surgical resection; SMA: Lymphadenectomy around the superior mesenteric artery; V+: Blood vessel invasion.

1

Yokoyama et al[15]
Zhao et al[146]

Winter et al[127]
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Table 3 Accuracy of various methods in indenfying and staging papillary tumors
n

Ref.
[147]

Artifon et al

27

Buscail et al[148]
Cannon et al[79]

6
50

Chen et al[61]

19

Chen et al[5]

41

Heinzow et al[84]

72

Howard et al[149]

21

Kubo et al[85]
Manta et al[82]

35
24

Midwinter et al[63]

34

Mukai et al[83]
Qiao et al[59]

23
127

Rösch et al[64]

28

Skordilis et al[60]

20

Tio et al[150]

32

Test
CT
EUS
EUS
CT
MRI
EUS
US
CT
EUS
US
CT
MRI
EUS
IDUS
ETP
IDUS +ETP
CT
EUS
EUS
MRI
EUS
CT
EUS
EUS
US
CT
US
CT
EUS
US
CT
EUS
EUS

Tumor detection

T

N

Resectability

Sens

Spec

Acc

Acc

Sens

Spec

Acc

Sens

Spec

Acc

5.0%
21.0%
95.0%
87.5%
68.7%
97.0%
75.0%
100.0%
76.0%
97.0%
96.0%
7.9%
19.0%
7.0%
29.0%
93.0%
15.0%
20.0%
100.0%
-

92.5%
100.0%
100.0%
-

12.2%
28.6%
81.3%
97.6%
90.2%
86.0%
94.5%
-

51.8%
74.1%
83.0%
24.0%
46.0%
78.0%
11.0%
22.0%
72.0%
26.1%
53.8%
72.7%
74.0%
78.0%
82.0%
84.4%

40.0%
70.0%
7.0%
33.0%
47.0%
0.0%
25.0%
47.0%
33.0%
44.0%
68.8%

65.0%
88.0%
86.0%
93.0%
37.5%

55.5%
81.4%
100.0%
59.0%
77.0%
68.0%
44.0%
77.0%
67.0%
75.0%
63.0%
71.0%
53.1%

100.0%
63.0%
75.0%
-

100%
100%
77%
-

100%
86%
76%
-

Acc: Accuracy; CT: Computerized tomography; ETP: Endoscopic transpapillary forceps biopsies; EUS: Endoscopic ultrasonography; IDUS: Transpapillary
intraductal ultrasonography; MRI: Magnetic resonance imaging; Sens: sensitivity; Spec: Specificity.

tumors thanks to the visualization of the site and the
[68]
extent of the stenosis . Moreover ERCP allows the
operator to perform a biopsy from the papilla and
ampullary segment of the common bile duct (CBD)
or pancreatic duct. In addition placement of a stent
for biliary decompression if necessary is technically
feasible. However it must be underlined that a biliary
stent should be placed only once diagnosis is achieved,
since it can interfere with all the radiologic exams (CT,
RM, EUS) and create inflammatory reaction in the
[61]
biliary duct .
Endoscopic signs suggesting the presence of
carcinoma are ulceration, erosion, haemorrhage,
necrosis and firm or friable consistency. In particular
a malignancy is strongly suspected if the mass is
[69,70]
ulcerated or over 3 cm in size
. Tumors contained
within the ampulla appear as prominent submucosal
[71]
bulge .
Biopsy of the lesion is mandatory, but since false
negative rates of endoscopic biopsy can be as high as
50%, a negative result is insufficient to rule out the
[72,73]
presence of a malignancy in an ampullary lesion
.

WJG|www.wjgnet.com

Reported accuracy of biopsies range from 47% to
[74,75]
95%
.
The overall accuracy rate with ERCP has been
reported around 88% for the diagnosis and origin
of the tumors in the ampullary region; attempts to
enhance the accuracy include acquisition of tissue
at least 48 h following sphincterotomy, multiple
biopsies, the use of PCR (polymerase chain reaction)
or immunohistochemical staining to detect p53 or
k-ras gene mutations, but none of these methods are
routinely used in clinical practice.
However, technical factors limit the ability to
perform a satisfactory ERCP in 22% of patients with
[68,76]
suspected ampullary carcinoma
. ERCP presents
several limitations: intra-ampullary carcinomas are
covered by intact duodenal mucosa and in 25%-50%
of cases biopsy material discloses only adenoma
when deeper portions of the lesion contain invasive
carcinoma. In addition peri-vaterian diverticula (present
in up to 20% of cases in endoscopic and autoptic
[77,78]
series
) can obstacle technical feasibility of the
endoscopic manoeuvres. Snare biopsies yield more
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tissue than forceps and therefore are more sensitive in
[74]
detecting adenocarcinoma .
MRCP is a non-invasive diagnostic tool with a wellestablished value in the evaluation of pancreatobiliary
[79,80]
lesions
However, its accuracy for detection of
ampullary tumors is limited by the small size of the
ampulla and by the scarce amount of fluid due to
tapering of the ducts: this area has been defined as
[81]
a “blind spot” for MRI . Compared to EUS, MRI can
[82]
detect ampullary tumors in 3/4 of cases .
EUS, allowing close contact of the transducer to the
duodenal wall, not only has an optimal sensitivity in
lesion detection, approaching 100%, but also provides a
precise definition of invasion of the surrounding tissue,
[5,60,64,74,82-85]
with 63%-84% accuracy in T staging
.
Nowadays EUS should be performed in all patients
with suspected ampullary tumors, since the evaluation
of the T code is of paramount importance for the
choice of treatment (ampullectomy vs pancreaticoduo
denectomy). In this setting EUS can give important
data regarding the depth of wall infiltration.
More recently, intraductal ultrasounds (IDUS), by
inserting the echo probe inside the ducts, has further
increased diagnostic accuracy of endoscopic imaging
[74,84]
modalities
.
However, this technique still has a limited availa
bility in daily clinical practice.
Although advanced endoscopic techniques can help
to differentiate ampullary adenomas from carcinomas,
it might be difficult to completely rule out a carcinoma
without complete resection of the lesion. Endoscopic
ampullectomy can therefore be also a useful diagnostic
tool in case of a suspicious mass without definite
malignant features.

of patients, including pancreatic fistula, pneumonia,
intra-abdominal infection, anastomotic leak and
[50,51,87,90-93]
delayed gastric emptying
. In particular,
compared to patients with pancreatic cancer, the
incidence of postoperative pancreatic fistula is higher
(28% vs 6%), perhaps since a normal, soft pancreatic
[94]
tissue is less likely to hold a suture .
After curative resection, nodal status is one of the
strongest predictors of survival: indeed, in one series
pancreaticoduodenectomy in node-negative patients
resulted curative in 80% of cases, while only 25% of
[91]
patients with positive nodes were alive at 5 years .
Interestingly, in the same report no disease- related
death occurred more than 3 years after the procedure,
consistently with other data that indicate a median
[95,96]
time to relapse of 11-13 mo
. However, cases
of tumor recurrence beyond 5 years after resection
[52]
have been reported , underlying the importance of
performing accurate and long-lasting postoperative
surveillance.
In contrast to pancreatic cancers, in case of
ampullary cancer a “lymphatic pathway” has been
identified, extending from posterior pancreaticoduodenal nodes around the mesenteric artery up to
[50,97]
para-aortic lymph nodes
. As a result, even in
advanced stages, compared to pancreatic carcinoma,
nodal involvement is closer to the primary tumor and
generally involves a single group of lymph nodes.
However the clearance of the abovementioned
nodal stations is of paramount importance during
pancreaticoduodenectomy for ampullary carcinoma.

Ampullectomy: From surgical to endoscopic approach

Compared to standard PD, ampullectomy is a less
invasive procedure. Due to technical improvements
in endoscopic techniques over the last decade,
local resection of the ampulla can be performed
endoscopically and this approach reduces to minimum
the procedural trauma. A general main limitation of
ampullectomy is the lack of lymphadenectomy.

TREATMENT
Pancreaticoduodenectomy

Once the diagnosis of ampullary carcinoma is made,
provided that resectability is judged as feasible, pan
creaticoduodenectomy (PD), either with conventional
or pylorus-preserving approach (PPPD), is considered
the standard of care. A recent meta-analysis of six
randomized trials showed no significant differences in
mortality and morbidity between the two procedures,
although operating time and intraoperative blood loss
[86]
are reduced in the PPPD group .
Resectability rate is high for ampullary neoplasm
and, in current series, the rate of potentially curative
[18,28,51,87-89]
resection has increased up to 90%
Long-term
survival is possible after pancreaticoduodenectomy,
even for patients with lymph node metastases or
invasion beyond the duodenal wall (T3).
Pancreaticoduodenectomy is a demanding proce
dure, with significant morbidity. In recent reports from
high-volume centers, perioperative mortality rate is
consistently reported in less than 5% of cases (Table 2).
However, significant complications occur in 20%-40%
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Endoscopic ampullectomy

Endoscopic ampullectomy is therefore a widely accep
ted therapy for benign ampullary lesions, provided that
histological examination shows no signs of invasive
carcinoma and that resection margins are negative.
[98-103]
Its success rate ranges from 74% to 84%
. The
incidence of periprocedural complications is reported
from 10% to 21%. They include bleeding, papillary
stenosis, cholangitis and acute pancreatitis, which
is the most frequent complication, ranging from 8%
[98,100-103]
to 19%
; this adverse event appears to be
reduced by placing a pancreatic duct stent during the
[101,104,105]
procedure
.
One of the largest case series of benign adenomas
has recently been reported by the retrospective
[106]
analysis of Onkendi et al ; 180 patients were treated
either with endoscopic (n = 130) or surgical resection
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[113]

(n = 50, including local resection and PD). Endoscopic
treatment was associated with fewer complications
compared to surgery (29% vs 58%, P < 0.001).
However, the recurrence rate was five-fold higher in
this group (P = 0.006), and seven cases of recurrence
presented with malignant behavior. Endoscopic
ampullectomy was associated with an acceptable
recurrence rate when complete resection could be
achieved in one session, tumor size was < 3.6 cm and
limited intraductal extension (< 5 mm) was found at
EUS.
If histological examination shows severe dysplasia
or carcinoma in situ, endoscopic ampullectomy can still
[50,107-109]
be performed
; however the procedure should
be converted to standard PD if an invasive cancer is
detected. In this regard, endoscopic ampullectomy can
be considered part of the diagnostic workup, when the
lesion is small and no signs of malignancy are clearly
evident at preoperative evaluation.

of lymphatic involvement. Klein et al
have retro
spectively compared the results of 9 patients with
ampullary carcinoma treated with surgical local excision
(either because of unexpected malignancy or high
surgical risk) with other 26 cases who underwent PD
in the same period. They found reduced perioperative
morbidity and mortality, no cases of local recurrence
and comparable long term survival. Based upon these
results, the Authors claimed that patients at low risk
(defined as pT1, G1-2) could be routinely treated
with local excision. However one of the patients who
underwent PD was found to have positive nodes
despite a pT1-G2 tumor, which would have remained
undetected if a local resection had been carried out.
[50]
Accordingly, Beger et al
proposed surgical
ampullectomy with local lymph node dissection in pT1,
N0, G1-2 tumors. Among 10 patients who underwent
this procedure for ampullary carcinoma, 6 had a R1
resection, but did not undergo PD because of major
comorbidities and none of them survived at 3 years.
Among the other 4 patients, 1 died at 6 years, but
without tumor recurrence.
In our opinion, this approach - limited resection
in low-risk patients - deserves some considerations.
First of all, there are data suggesting that nodal
[114]
involvement is not exceptional in T1 tumors
. As
[16]
in recently presented data by Hornick et al
45%
of pathologically confirmed T1 tumors had nodal
metastases; furthermore, 50% of T1 ampullary cancers
have been found to have microscopic lymphatic
[52]
invasion . Moreover, complication rates with current
surgical and anesthesiological techniques are much
lower than previously reported and the benefit of a
less invasive procedure appears questionable in a
population with a standard surgical risk. In the series
[115]
reported by Roggin et al , 7 out of 8 patients treated
with ampullectomy experienced recurrence of disease
(mostly at a loco regional level) and had a substantially
higher mortality compared with the PD group. The
data supporting the use of ampullectomy in ampullary
cancer, conversely, are scarce and based on a limited
number of patients.
Due to these considerations, patients presenting
with an invasive ampullary carcinoma should be
routinely treated with PD, even for “low risk” cases.
Ampullectomy for malignant lesions should be reserved
only for patients with a high surgical risk; if complete
resection cannot be achieved conventional PD should
be strongly considered because of the high recurrence
rate.

Surgical ampullectomy

The role of surgical local excision is nowadays less
defined. First of all it should be remarked that, due to
technical improvements in endoscopy over the time,
there has been a progressive shift from surgical to
endoscopic ampullectomy in reported case series.
Therefore, literature about ampullectomy is quite
inhomogeneous. Surgical ampullectomy allows to
perform lymphadenectomy and has a mortality rate
< 1%. However, lymphadenectomy in these cases
does not include lymph node stations along the
superior mesenteric artery. Apart from the same
complications of endoscopic treatment, it carries
the risk of duodenal dehiscence, intra-abdominal
collections, wound infections and cardiopulmonary
[50,110]
complications related to general anesthesia
. In
a paper comparing adverse events after surgical and
endoscopic ampullectomy, morbidity was significantly
[111]
higher in the surgical arm (42% vs 18%, P = 0.006) .
On the other hand, in the paper by Onkendi, surgical
ampullectomy, compared to endoscopic techniques, did
not offer a significant benefit in preventing recurrences
[106]
after adenoma resection . Some operators however
remark the fact that, compared to endoscopic
approach, the feasibility of surgical ampullectomy is
higher, particularly in case of duodenal diverticula;
the success rate of surgical excision is reported to
[110]
be > 95%
. However, in our opinion the morbidity
advantage of surgical ampullectomy with lymph
node dissection compared to standard PD is limited,
provided that surgery is performed in a high-volume
center.

An algorithm approach for ampullary lesions

Our approach is synthesized in Figure 3: if preope
ratively the lesion appears as a mass at CT scan, then
PD is advisable. In case of a small lesion, if biopsies
exclude the presence of an infiltrating neoplasm
and EUS shows that the lesion is confined within
the mucosa, endoscopic ampullectomy should be

Ampullectomy for malignant tumors

Some Authors have proposed that low risk carcinomas
[112]
can be treated with ampullectomy
; this strategy
is based on assumption that absence of muscularis
propria involvement is associated with a low risk
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Signs and
symptoms

US

Gallstones

CT scan

Metastases and/or
not resectable

ERCP + biopsy
± stenting

Palliative care;
Re-evaluation

No metastases
Resectable

No mass

-EGDS + Biopsy
-EUS

-Lesion limited to mucosa
-No invasive carcinoma

Lesion not limited
to mucosa/invasive
carcinoma

Invasive
carcinoma

Endoscopic ampullectomy
+ histological examination

Mass

Positive
margins
Stop if no invasive cancer and
negative margins

PD
Endoscopic redo

Follow up

Figure 3 Diagnostic and therapeutic algorithm for suspected papillary lesions. Once alternative diagnoses have been excluded by ultrasound (US),
computerized tomography scan is typically performed in order to assess the stage of the lesion, in particular the presence of metastases and resectability. After
diagnostic work-up, if the lesion appears as an infiltrating neoplasia or has a significant mass, then a pancreaticoduonectomy (PD) should be performed. If the lesion
is small, then an EGDS with biopsies and endoscopic ultrasound (EUS) staging must be performed. If (1) biopsies exclude the presence of an infiltrating neoplasm;
(2) an aggressive histotype and (3) EUS shows that the lesion is confined within the mucosa, endoscopic ampullectomy is the appropriate therapeutic option. If the
subsequent histological exam shows the presence of infiltrating cancer, then the intervention should be converted to a PD. If histology shows no evidence of infiltrating
cancer but the resection margins are positive, various options are available, including endoscopic redo, close endoscopic follow-up or PD.

performed. If the subsequent histological exam shows
the presence of infiltrating cancer, then the intervention
should be converted to PD. In case of positive resection
margins, with no evidence of infiltrating cancer, the
management is more controversial: various options
are available, including endoscopic second look, close
endoscopic follow-up or PD. Age, comorbidities and
patient’s preferences also should be taken into account
in order to select the best approach in each case; in
most situations, our default strategy is to perform
endoscopic redo or a close follow up, in order to avoid
PD for a benign pathology.

tract and surrounding tissues, making assessment of
resection margins more difficult.
Laser ablation and photodynamic therapy (which
consists of intravenous administration of a photo
sensitizing agent, that is mainly retained in malignant
tissue, followed by endoscopic irradiation with light) is
a minimally invasive technique that might be applied
for ampullary lesion treatment. However, given its
limited efficacy, lack of histological data and risk
of tumor recurrence, it is currently regarded only
[117,118]
as a palliative procedure
. In a small series,
photodynamic therapy appeared safe and useful as
adjuvant treatment for biliary tract cancer (including
[119]
one case of ampullary carcinoma)
, but data from
larger studies are lacking.
Despite good resectability rates and relatively
better prognosis compared to other periampullary
malignancies, recurrence of the disease still represents
a substantial issue, particularly in patients with nodal
[91,95,96]
involvement
.
Currently, no clear indications exist regarding the
role of adjuvant therapy after successful pancreatic
resection. Some data have suggested a potential benefit
of adjuvant chemo-radiotherapy with 5-fluorouracil,
[120,121]
particularly in node-positive patients
, but

OTHER THERAPEUTIC OPTIONS
Another matter of debate regarding surgical treatment
of ampullary cancer is the opportunity to perform
preoperative biliary drainage. This procedure appears
to be reasonable if the surgical operation has to be
delayed and there are high bilirubin levels (> 15
mg/dL). This policy seems to be suggested by a
reduced incidence of wound infection in patients who
underwent preoperative biliary drainage, with no
[116]
differences in other outcomes . On the other hand,
biliary drainage can induce inflammation of the biliary
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randomized trials failed to confirm such a survival
[122,123]
advantage
.
Also the role of adjuvant chemotherapy alone is not
clearly established. A recent randomized trial assigned
428 patients with a periampullary cancer (297 with
papillary tumors) either to observation or adjuvant
chemotherapy, with either gemcitabine or fluorouracil.
Even if the difference was not significant at univariate
analysis, after adjusting for some confounder factors,
adjuvant chemotherapy was associated with a signi
[124]
ficant survival benefit .
The role of neo-adjuvant therapy for advanced
ampullary cancer is not defined, as most studies have
included ampullary neoplasms with other malignancies
due to their rare occurrence. Most probably, chemo
therapy should be tailored according to specific
histological subtype, i.e. pancreatobiliary vs intestinal.
However, guidelines from both the National
[125]
Comprehensive Cancer Network (NCCN)
and the
[126]
European Society for Medical Oncology (ESMO)
do
not provide any recommendation about treatment of
ampullary cancer.
Similarly, the optimal post-treatment surveillance is
poorly defined. Most clinicians perform follow up with
history, clinical examination and serum tumor markers
(CEA and CA 19-9) every six months for five years and
annually thereafter. The use of abdomen CT scan is
less defined in this setting.

resulted as an independent poor prognostic factor;
lymph nodes ratio results as a predictor of poor
[19,130,131]
prognosis
, but only in one study did it retain
[19]
significance at multivariate analysis . The issue of
how many lymph nodes should be harvested during
PD for ampullary cancer was addressed by Partelli
[132]
et al
who found that removal of > 12 nodes was
associated with an improved prognosis both in pN0
and pN1 patients, providing evidence that an adequate
lymph node dissection plays an important role in better
staging (pN0 cohort) and in more effective resection (in
pN1 patients).
Poor differentiation (G3) was also found as a
predictor of adverse prognosis in 12 studies but as an
independent factor in only one study. An advanced
T classification and AJCC stage - also poor prognosis
predictors - were found as independent factors in 30%
and 50% of considered studies, respectively. Pancreatic
invasion and tumor size also result as predictors of
poor prognosis but they can be easily correlated to T
classification and AJCC stage by definition.
Although not included in the TNM classification,
pancreatobiliary subtype, perineural, lymphatic and
vessels invasion, macroscopic ulceration are other
[20,25]
adverse prognostic factors
. As shown in Table 2
several studies proved that perineural, lymphatic and
vessel invasion are predictors of poor prognosis, often
also at multivariate analysis. The same consideration
is true for pancreatobiliary compared to intestinal
subtype, but there are very few studies that deal with
this issue because this histological sub classification
is relatively recent. In order to better investigate
[25]
the importance of this predictor Westgaard et al
analysed 114 resected periampullary adenocarcinomas
(including neoplasm originated from ampullary,
duodenal, biliary and ductal pancreatic epithelium),
dividing them into pancreatobiliary or intestinal
type of differentiation, and compared their survival
with a historical control group. The authors found
that at multivariable analysis histologic subtype
of differentiation was an independent predictor of
survival, while tumor origin was not. Pancreatobiliary
type was found to have a worse prognosis in the
whole periampullary group and also in the subgroup
of ampullary carcinomas, with a 5 years survival rate
[33,54]
around 25%
and a more than 3-fold increase in
[25]
mortality risk compared to intestinal type .
Tumor involvement of resection margins has also
consistently been demonstrated to be an adverse
prognostic factor in comparison with negative margin
resections (median survival 11.3 mo vs 59.5 mo,
[28]
respectively)
and warrants the use of the residual
tumor classification on specimen assessment (R0:
grossly and microscopically negative margins,
R1: grossly negative but microscopically positive
margins and R2: grossly and microscopically positive
[133]
margins) .
A recent study has also shown the importance

SURVIVAL AND PROGNOSTIC FACTORS
Overall survival rate at 5 years is widely variable
between different reports, ranging from 32% to
67.7%. Table 2 reports several studies. Only recent
studies (publication from 1995) were considered in
order to avoid diagnostic, histological or surgical biases.
In fact more recent series report a better prognosis
[39]
due to both diagnostic and surgical improvement .
In patients who undergo a potentially curative
resection, the presence of nodal metastases, poorly
differentiated histology, and tumor invasion into
the pancreas are associated with a less favourable
outcome. The great majority of data show positive
nodes as a predictor of poor prognosis with worse
survival or recurrence. In 17 out of 25 studies nodal
metastases are demonstrated as an independent poor
prognostic factor. In patients with metastatic lymph
nodes 5-year survival varies from 21% to 50.8%,
compared to 43%-63.5% in nodes negative patients
[50,51,127-129]
(Table 2)
.
In consideration of such a strong evidence, a few
recent works better investigated lymph nodes role in
ampulla tumors using lymph nodes ratio - a recently
established prognostic factor in several gastrointestinal
malignancies, that means ratio between metastatic and
resected/examined lymph nodes (LNR) - and number
of positive lymph nodes in relation to prognosis. In
these studies the number of affected lymph nodes
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of tumor budding. Tumor budding is an already
established predictor of survival in colorectal, oeso
phageal and anal squamous cell carcinomas. It is
defined as presence of isolated or small clusters
of tumor cells that detached from the neoplastic
epithelium and migrate a short distance into the
neoplastic stroma. High-budding resulted to be
a strong independent predictor of survival also in
ampullary cancers (5-years survival of 24% compared
[134]
to 68% for low-budding tumors) .
Moreover in a recent preliminary study Park et
[135]
al
investigated the role of angiogenesis on survival
in node negative ampullary tumors. Using a specific
staining (Chalkley assay) for angiogenesis quanti
fication they found that increased angiogenesis is
associated with disease recurrence in patients with
node negative tumors. Investigation of the mechanism
of angiogenesis in cancer of the ampulla of Vater may
provide further prognostic information and help to
rationalize therapy.
It must however be remarked that currently,
despite the large number of studies regarding pro
gnosis of these neoplasm, our understanding of the
argument is limited by the small cohorts of patients
analyzed and by the presence of a lot of confounders,
such as stage, pathological subtypes, surgical
resection, co-morbidities or adjuvant treatments.
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EDITORIAL

Current status and progress of pancreatic cancer in China
Quan-Jun Lin, Feng Yang, Chen Jin, De-Liang Fu

Abstract

Quan-Jun Lin, Feng Yang, Chen Jin, De-Liang Fu, Department
of Pancreatic Surgery, Pancreatic Disease Institute, Huashan
Hospital, Shanghai Medical College, Fudan University, Shanghai
200040, China

Cancer is currently one of the most important public
health problems in the world. Pancreatic cancer is a
fatal disease with poor prognosis. As in most other
countries, the health burden of pancreatic cancer in
China is increasing, with annual mortality rates almost
equal to incidence rates. The increasing trend of
pancreatic cancer incidence is more significant in the
rural areas than in the urban areas. Annual diagnoses
and deaths of pancreatic cancer in China are now
beyond the number of cases in the United States.
GLOBOCAN 2012 estimates that cases in China account
for 19.45% (65727/337872) of all newly diagnosed
pancreatic cancer and 19.27% (63662/330391) of
all deaths from pancreatic cancer worldwide. The
population’s growing socioeconomic status contributes
to the rapid increase of China’s proportional contribution
to global rates. Here, we present an overview of control
programs for pancreatic cancer in China focusing on
prevention, early diagnosis and treatment. In addition,
we describe key epidemiological, demographic,
and socioeconomic differences between China and
developed countries. Facts including no nationwide
screening program for pancreatic cancer, delay in early
detection resulting in a late stage at presentation,
lack of awareness of pancreatic cancer in the Chinese
population, and low investment compared with other
cancer types by government have led to backwardness
in China’s pancreatic cancer diagnosis and treatment.
Finally, we suggest measures to improve health
outcomes of pancreatic cancer patients in China.
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Core tip: The health burden of pancreatic cancer in
China is increasing, with annual mortality rates almost
equal to incidence rates. Cases in China account for
19.45% of all newly diagnosed pancreatic cancer and
19.27% of all deaths from pancreatic cancer worldwide.
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Facts including no nationwide screening program for
pancreatic cancer, delay in early detection resulting
in a late stage at presentation, lack of awareness
of pancreatic cancer in the Chinese population, and
low investment compared with other cancer types
by government have led to backwardness of China’s
pancreatic cancer diagnosis and treatment.

diagnosis and treatment have been achieved by China
over the past 30 years. Here, we review the status of
pancreatic cancer in China, and describe important
epidemiological, risk factors, screening methods,
diagnosis and therapy of pancreatic cancer. In addition,
we discuss the challenges and trends of pancreatic
cancer in China, and explore development of a
multicenter cooperative research system to improve its
clinical outcome.

Lin QJ, Yang F, Jin C, Fu DL. Current status and progress
of pancreatic cancer in China. World J Gastroenterol 2015;
21(26): 7988-8003 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i26/7988.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i26.7988

Incidence and mortality

Population-based cancer registries collect data on
annual cancer incidence and mortality to provide
accurate and up-to-date information that is vital for
[7]
cancer prevention, control, and research . Since
2006, data contained in the Cancer Registry Annual
Report released by the National Central Cancer
Registry (NCCR) indicate that the incidence and
mortality of pancreatic cancer in China has gradually
[9]
risen . Although the number of cancer registries in
China is increasing, the available data for incidence
and mortality of pancreatic cancer covers only about
13% of the nation’s population, while nearly 100%
[6,10]
of the population in the United States is covered
.
Currently, the true burden of pancreatic cancer in
China cannot be estimated by using data from the
Cancer Registry Annual Report alone, due to the
above limitation. Thus, expansion of cancer registries
covering more population would improve accuracy of
estimates of cancer burden.

WORLDWIDE EPIDEMIOLOGY OF
PANCREATIC CANCER
Pancreatic cancer, one of the most frequent cancers in
the world, is a devastating malignant disease with a
median survival of 3-6 mo and a 5-year survival rate
[1-4]
of less than 5% . Despite improvements in surgical
techniques and adjuvant medical therapy, these
figures have not changed in over four decades, with
the mortality approaching the incidence. According to
the latest global estimation, GLOBOCAN 2012, the age
standardized rate (ASR) of pancreatic cancer incidence
data is 4.9 per 100000 in men, and 3.6 per 100000
in women. ASR mortality rate is 4.7 per 100000 in
men, and 3.4 per 100000 in women. Worldwide,
the age-standardized rate (ASR-W) for the incidence
and mortality of pancreatic cancer is 4.2% (Figure
[5]
1) and 4.0% (Figure 2), respectively . In the United
States, the ASR incidence and mortality of pancreatic
cancer is 7.5% and 7.0%, respectively. The recent
data showed that 48960 people were estimated to be
diagnosed with pancreatic cancer in 2015, and 40560
people would die from pancreatic cancer in the United
[6]
States .

Incidence

GLOBOCAN 2012 estimated that pancreatic cancer
was one of the most frequent malignancies in China,
with an ASR-W incidence of 3.6 per 100000 for both
[5]
sexes . According to the Chinese Cancer Registry
Annual Report 2012, the incidence of pancreatic cancer
fluctuated according to sex, region and age. The crude
incidence rate of pancreatic cancer in registration areas
was 7.28 per 100000, with 8.24 per 100000 for men
and 6.29 per 100000 for women in 2009. The ASR
was 3.35 per 100000 with 4.01 and 2.72 per 100000
[10]
for men and women, respectively .
The crude incidence rate of pancreatic cancer in
Chinese urban populations was 8.19 per 100000 (9.36
per 100000 for men and 7.00 per 100000 for women),
which was 51.39% higher than that in rural areas (5.41
per 100000 overall; 5.97 per 100000 for men and 4.83
per 100000 for women). The data remained 27.76%
[10]
higher after age standardization . Standardized by
the age structures worldwide, the ASR incidence in
urban areas was 4.96 per 100000, which was also
higher than that in rural areas (3.83 per 100000).
Among the urban cancer registration areas, Shanghai
had the highest crude incidence rate of 15.19 per
100000 (Figure 3).
The age-specific incidence rates of pancreatic
cancer dramatically increased after 40 years old in

Epidemiology in China

China is the largest developing country with nearly
a fifth of the global population. As a result of rapid
urbanization, more and more Chinese people live
in urban areas. Combined with other factors such
as aging and environmental pollution, the disease
spectrum in China has shifted from infectious to noninfectious diseases. Among the non-communicable
diseases, the health burden of cancer is increasing.
Although China has a lower incidence of pancreatic
cancer than western countries, the incidence of
this disease in China has increased as fast as that
worldwide recently. In 2010, 34509 men and 23226
women died from pancreatic cancer in China, with
the number of deaths exceeding that in the United
[5,7,8]
States
.
Significant improvements of pancreatic cancer
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Pancreatic cancer is a rapidly disastrous malignancy with dismal prognosis. Recent mortality rates of pancreatic cancer in developed countries such as Japan have

Mortality

China, with the incidence peak at about 80 years old (Figure 4). The trends in urban and rural areas were similar to those in the entire country, with the age-specific
incidence rate in urban areas higher than that in rural areas after age 50 years. The cumulative incidence rate for patients aged 0-64 years was 0.21%, while for those
[10]
aged 0-74 years it was 0.54% . Comparison of age distribution among some major countries and continents showed that more patients younger than 65 years were
diagnosed with pancreatic cancer in China, which means that age at diagnosis of pancreatic cancer in China is less than that in western countries (Figure 5). In China,
61.2% of patients with pancreatic cancer were aged 65 years or older, compared with 80.1% of patients in Japan.
Although there were fluctuations according to sex and region, the upward trend in the incidence rate of pancreatic cancer is real in China. According to the Chinese
[11]
NCCR, the incidence rate increased from 6.26 per 100000 in 2003 to 8.37 per 100000 in 2009 . During this 7-year period, the incidence rate increased from 6.83 to 9.48
per 100000 in men and from 5.67 to 7.24 per 100000 in women. The increasing trend of pancreatic cancer incidence was more significant in rural than in urban areas.
The incidence rate increased 1.27 times from 2003 to 2009 in urban areas, while the rate was 1.61 times higher in 2009 than in 2003 in rural areas.

Figure 1 Map of estimated global pancreatic cancer incidence rates according to GLOBOCAN 2012.
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stabilized after an increase , while in China mortality due to pancreatic cancer is rising. Despite that, the prevalence, incidence and mortality of pancreatic cancer in
China are relatively lower than those in developed countries such as Europe, the United States and Japan, and comparison of mortality-to-prevalence ratios showed
that survival outcome for pancreatic cancer is worse in China than in most other countries. The mortality-to-prevalence ratio amounts to 0.85 in China, compared with
0.7 in the United States, 0.56 in South Korea, 0.55 in Germany, and 0.4 in Japan (Figure 6). The phenomenon may be due to lack of improvement in the treatment of
[13]
pancreatic cancer, especially in China .
According to the Cancer Registry Annual Report 2012, pancreatic cancer ranks as the seventh highest cause of cancer death in China, with a crude mortality of 6.61
per 100000. The mortality rate in urban areas (7.42 per 100000) was 50.20% higher than that in rural areas (4.94 per 100000). The data remained 27.09% higher
after age standardization. The trend might be due to disparities in socioeconomic circumstance, and lifestyle between urban and rural areas. The mortality reached the
peak at around 80 years old in both urban and rural areas (Figure 7), which was similar to the incidence. From 2003 to 2009, the mortality rate of pancreatic cancer
[11]
increased from 5.63 to 7.78 per 100000 . The upward trend in mortality concerns both men and women, and both urban and rural areas.

[12]

Figure 2 Map of estimated global pancreatic cancer mortality rates according to GLOBOCAN 2012.
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Figure 3 Crude rate (1/105) of pancreatic cancer in China. Figure based on data from the Chinese Cancer Registry annual report (2012).
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factors cause pancreatic cancer, several risk factors
and established genetic syndromes are associated
with pancreatic cancer. Although identification of
country-specific trends for risk of pancreatic cancer
is valuable, risk factors in China are similar to those
worldwide. Recent substantial increases in the
prevalence of cigarette smoking, obesity, and diabetes
mellitus in China may be related to the increasing
incidence of pancreatic cancer. Also, studies show that
severe deterioration of the environment in China and
problems with food contamination may contribute to
[14,15]
the increasing occurrence of cancer
.
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Tobacco use is one of the most important risk factors
of pancreatic cancer, and a dose- and duration-related
pattern has been demonstrated for earlier age of
[16,17]
onset
. Around the world, 9% of all cancer deaths
are related to smoking among male smokers, and male
smokers have a 74% higher risk of pancreatic cancer
[18]
compared with non-smokers . A recent hospital[19]
based case-control study by Wang et al
showed
that current smokers had a significantly increased risk
of pancreatic cancer (OR = 1.71, 95%CI: 1.25-2.35)
with a decreasing trend in risk correlated with years
of smoking cessation. Another case-control study

Figure 4 Age-specific incidence of pancreatic cancer in China, 2009.
Figure based on data from the Chinese Cancer Registry annual report.

RISK FACTORS OF PANCREATIC
CANCER
Pancreatic cancer is considered a malignancy
correlated with industrialization as suggested by the
fact that the majority of deaths occurred in developed
countries. Despite the fact that it is unclear what
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Figure 5 Comparison of age distribution of patients with pancreatic cancer between China and some major countries and continents.
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Figure 6 Comparison of mortality-to-prevalence ratio of pancreatic cancer between China and some major countries and continents.
[20]

by Yin et al
revealed that smokers had an OR for
pancreatic cancer of 3.53 (95%CI: 3.0-9.6) compared
with non-smokers, and smoking in the morning was
an increased risk factor for pancreatic cancer (OR =
5.50, 95%CI: 1.22-24.81). In addition, secondhand
smoke exposure may increase the risk of pancreatic
cancer by 50%, and children exposed passively to
tobacco smoke have a double risk of pancreatic cancer
[21,22]
as adults
.

[body mass index (BMI) of 25-29.9] or obese (BMI
≥ 30) during early adulthood was associated with
an increased risk of pancreatic cancer. A younger
age of disease onset and obesity at an older age
reduced overall survival in patients with pancreatic
cancer, regardless of disease stage or tumor resection
[24]
status . Studies have shown that the relative risk of
pancreatic cancer was 1.16 in men and 1.10 in women
[25,26]
per 5-point increase in BMI
.
Dietary factors are also related to pancreatic cancer.
Although there is evidence that folate and folatecontaining foods exert a protective effect against
[27]
pancreatic cancer , this was not confirmed in a
[28]
recent study . A multicenter case-control study by
[29]
Chinese researchers
showed that reduced vegetable
consumption was significantly associated with pan

Obesity and dietary factors

Obesity, which is associated with increased risk of
diabetes mellitus, is also a risk factor for the development
[23]
of pancreatic cancer . A case-control study including
841 patients with pancreatic adenocarcinoma and 754
healthy individuals showed that being overweight
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diabetes mellitus for 5 years or longer. Patients whose
diabetes mellitus had lasted 5 years or longer had a
50% greater relative risk than those without diabetes
[36]
mellitus . This is not surprising because pancreaticcancer-associated diabetes mellitus is predominantly
[38]
new onset . In a Chinese retrospective cohort study,
male and female patients with type 2 diabetes mellitus
were 2.97 and 2.68 times more likely, respectively, to
develop pancreatic cancer compared with the general
[39]
population . Similar results were obtained by Kuang
[40]
and coworkers , who showed that the incidence
of diabetes mellitus was higher in pancreatic cancer
patients than in controls.
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Genetic risk factors

Although the occurrence of pancreatic cancer seems
to be sporadic, it has been reported that 5%-10% of
[41]
pancreatic cancer patients have hereditary factors .
Cases of inherited predisposition to pancreatic cancer
[23]
fall roughly into three categories . The first consists
of hereditary cancer syndromes such as Lynch
[42]
syndrome , familial adenomatous polyposis, PeutzJeghers syndrome, and familial atypical multiple
mole melanoma syndrome, which are characterized
by specific germ-line gene mutations and associated
with increased risks of pancreatic cancer. The second
category comprises conditions such as hereditary
pancreatitis and cystic fibrosis, in which there is
an inherited predisposition to the development of
pancreatic cancer. The third category is familial
pancreatic cancer, defined as two or more first-degree
relatives with pancreatic cancer that does not fulfill
the criteria of other hereditary cancer syndromes with
[43]
increased risks of pancreatic cancer .

Figure 7 Age-specific mortality of pancreatic cancer in China, 2009. Figure
based on data from the Chinese Cancer Registry annual report.

creatic cancer (P trend 0.04), and meat and fruit
consumption was not significantly related to the risk of
pancreatic cancer. A protective effect was discovered
for fruit (OR = 1.73 for consumption of 1 or 2 times
per week vs > 3 times per week; 95%CI: 1.05-2.86).
A population-based case-control study from an urban
[30]
area of Shanghai
reported that dietary energy
density (defined as the amount of energy theoretically
able to be metabolized per unit weight of food) had
an OR for pancreatic cancer of 1.16 per unit increase
(95%CI: 1.07-1.27), and dietary energy density was
positively related to risk of pancreatic cancer. The
molecular mechanisms to explain these results are not
well investigated, but chronic inflammation mediated by
secreted molecules from adipose tissue and hormonal
[24,31]
factors is likely involved
. Supporting this hypothesis,
[32]
a study by Zhang et al showed that dietary and other
lifestyle factors that influenced insulin resistance were
also associated with the risk of pancreatic cancer.

Other risk factors

Additional risk factors including male sex, low income,
[40]
[44]
advanced age, alcohol use , chronic pancreatitis , a
[45,46]
history of cholecystectomy or partial gastrectomy
,
and chronic infections have also been shown
[47]
associated with pancreatic cancer . Moreover, it has
been reported that some pancreatic cystic lesions
such as intraductal papillary mucinous neoplasm
and mucinous cystic neoplasm have the potential to
[48]
progress to invasive pancreatic cancer , and patients
with these lesions belong to groups at high risk of
pancreatic cancer. In addition to the above risk factors,
other factors such as environmental pollution and food
contamination, which are becoming serious issues
[49]
affecting public health in China , may be associated
with the increased trend of pancreatic cancer. Although
so far these associations lack solid epidemiological
evidence, a recent cohort study demonstrated that
airborne particulate matter of diameter < 10 μm from
the incinerator was associated with pancreatic cancer
[50]
mortality .

Diabetes

Whether diabetes mellitus is a risk factor or a
result of pancreatic cancer is still unclear. However,
diabetes mellitus improves following pancreatectomy,
suggesting that diabetes mellitus may be caused by
pancreatic cancer. Studies have shown that 25% of
patients diagnosed with pancreatic cancer had diabetes
[33,34]
mellitus, among whom 40% were pre-diabetic
.
The association between diabetes mellitus and
pancreatic cancer has been summarized in several
[35-37]
[36]
meta-analyses
. A study by Huxley et al reported
that the overall risk was 1.82 (95%CI: 1.66-1.89)
for developing pancreatic cancer in patients with
diabetes mellitus, relative to patients without diabetes
mellitus. The risk of pancreatic cancer declines with
increased duration of diabetes mellitus. Patients with
diabetes mellitus within 4 years had a 50% increased
risk of pancreatic cancer compared with patients with
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and may be the best modality to assess resectability of
[60]
pancreatic cancer . Nevertheless, radiation exposure
and the suboptimal detection rate limit its use as a
routine screening tool for asymptomatic high-risk
[61]
individuals . Studies revealed that MRI and EUS may
be better than CT for early diagnosis of pancreatic
[62]
neoplasms . Thus, it has been proposed that
initial screening should include EUS with or without
MRI or MRCP, but not CT or endoscopic retrograde
[61]
cholangiopancreatography (ERCP) . However, the
high cost and limited availability of MRI generally mean
that it is utilized only after ultrasonography or CT. While
EUS has been used as a principal imaging modality for
screening pancreatic cancer in multiple international
[58]
[63]
programs , a study by Long et al
showed that
in Shanghai only 5.7% of patients underwent EUS
to detect pancreatic cancer. Evaluation of the results
[64]
of EUS is dependent on the doctor’s experience .
It is not widely used in China, and is only regularly
[65]
performed in a few large medical centers .

SCREENING FOR EARLY PANCREATIC
CANCER
Recent studies suggest that pancreatic cancer
develops over a long time with an average of nearly 17
years from cancer-initiating cells to metastatic cancer
subclones, followed by death after approximately 2.7
[51,52]
years
. Patients with small tumors detected at early
[53-55]
stages have reportedly better outcomes
. Thus,
a screening program for high-risk individuals has the
benefit of better outcomes in patients with pancreatic
cancer.
There is no nationwide screening program for
pancreatic cancer in China at present. Obstacles to
implementation of a population-based screening
program include insufficient convincing accuracy and
cost-effectiveness data; insufficient equipment; and
inadequate insurance coverage for such a screening
program. There has been no consensus on the
definition of high-risk individuals for pancreatic cancer
until now. Patients in China who are at high risk of
pancreatic cancer may be characterized by any of the
[56,57]
following
: (1) older than 40 years and presenting
with nonspecific abdominal symptoms; (2) a family
history of pancreatic cancer; (3) new-onset diabetes
mellitus, especially in those older than 60 years with
either atypical diabetes mellitus or rapidly developing
insulin resistance, without family history or obesity;
(4) chronic pancreatitis, especially when accompanied
by precancerous lesions; (5) intraductal papillary
mucinous neoplasms; (6) familial adenomatous
polyposis; (7) distal subtotal gastrectomy for benign
disease, especially 20 years after resection; and (8)
heavy tobacco or alcohol use or long-term contact with
hazardous chemical substances.
When encountering these populations, non-invasive
screening methods such as ultrasonography, computed
tomography (CT), magnetic resonance imaging (MRI),
and magnetic resonance cholangiopancreatography
(MRCP), combined with pancreatic-cancer-related
biomarker examination are recommended. Among
these high-risk groups, patients with new-onset
diabetes mellitus may be an attractive screening target
for early pancreatic cancer. The potential clinical benefit
of screening for early pancreatic cancer in high-risk
[58]
groups appears to exceed that for breast cancer .

Molecular markers

A limitation of screening for early pancreatic cancer
is the absence of sensitive and specific markers.
Compared with unwarranted imaging or more invasive
testing, serological markers are always preferred due
to the ease of collection, a relatively noninvasive trait.
Carbohydrate antigen (CA)19-9, the only currently pre
dictive biomarker for therapeutic outcome of pancreatic
cancer, is commonly used to screen the disease.
However, given the low incidence of pancreatic cancer,
a blood-based marker with high specificity (99%)
and sensitivity (100%) will lead to 83 false-positive
for every true-positive case based on the incidence
[66]
rate of 12.1 per 100000 in the United States .
Therefore, poor-to-moderate sensitivity and specificity
in detecting pancreatic cancer limit its use in screening.
For example, according to a study from China, the
sensitivity of CA19-9 was only 57%, with an accuracy
of 67.7%. These results indicated the limited value of
[67]
CA19-9 in detecting early pancreatic cancer .

DIAGNOSIS
Cancer stage at diagnosis is an important factor
influencing survival of pancreatic cancer patients. A
multicenter nationwide study in China showed that
18.4% of pancreatic cancer patients received diagnoses
[68]
at stages Ⅰ or Ⅱ, and 81.6% at stages Ⅲ or Ⅳ . A
recent study that included 11672 cases recorded in
[69]
the Shanghai Cancer Registry 2004-2009
reported
that nearly 42.9% of patients had regional or distant
metastasis at diagnosis, whereas 49.2% had localized
disease. The median survival was 3.9 mo (95%CI:
3.8-4.0 mo) and the overall 5-year survival rate was
4.1%. Reasons for poor survival of the cohort in
that study included delayed diagnosis of pancreatic
cancer. In contrast, the United States is better than

Imaging

The screening modalities applied for detection of
pancreatic cancer mainly include ultrasonography,
CT, MRI, MRCP, and endoscopic ultrasound (EUS).
Ultrasonography, a noninvasive and cost-effective
modality, is frequently the first-line screening tool for
patients with suspected pancreatic lesions, although it
is not a reliable method, and highly dependent on the
[59]
operator’s experience and body habitus of patients .
Contrast-enhanced CT is now the worldwide imaging
modality of choice for evaluation of pancreatic disease,
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[63]

China at early detection of pancreatic cancer. In a
[70]
recent study, Yu et al
analyzed 13131 patients with
pancreatic ductal adenocarcinoma between 2004 and
2011 in the National Cancer Institute Surveillance,
Epidemiology and End Results (SEER) database, which
was considered representative of the United States
population. They found that 62.9% of pancreatic
cancer patients received diagnosis at stages Ⅰ or Ⅱ,
and 37.1% at stages Ⅲ or Ⅳ. Since pancreatic cancer
has no distinctive symptoms, it is usually diagnosed
when a patient has symptoms of abdominal pain or
jaundice. Most patients diagnosed with pancreatic
cancer lack the chance of radical surgery due to late
stage. It is important to determine the resectability of
pancreatic cancer because the rate of postoperative
complications after pancreatic surgery is high even in
[71-73]
high-volume medical centers
. Radiological imaging
is an important method for initial detection, staging,
and evaluation of pancreatic cancer resectability, which
includes identification of the primary tumor, local lesion
[59]
resectability, and distant metastasis .
Multidetector row computed tomography (MDCT)
is a worldwide imaging modality for evaluation of
pancreatic cancer. More than 75% of patients who
received a diagnosis of pancreatic cancer in China
[63]
had undergone MDCT . MDCT has good spatial and
[74]
temporal resolution with anatomical coverage . MDCT
can assess both local tumor resectability and distant
metastasis. It is also the best imaging modality for
assessment of vascular involvement, which is crucial
[75,76]
for prediction of tumor resectability
. MRI is also
[77]
currently used for patients with pancreatic diseases .
Compared with CT, MRI is not only an outstanding
tool for characterizing pancreatic mass, but also a
successful technique for noninvasively delineating the
pancreatic ductal system, as an alternative to ERCP.
Positron emission tomography (PET)/CT is useful for
detecting pancreatic cancer, especially metastases
[78,79]
throughout the body
. However, widespread
application of PET/CT is limited in China by its high
rate of false-positive results, low spatial resolution, and
[80,81]
high cost
.
Expert for MDCT, other imaging modalities such
as MRI and PET/CT are not widely used in Chinese
[63]
patients . In western countries, EUS has been widely
used for detection of pancreatic cancer in recent
[82]
years , especially for high-risk groups and patients
[58]
with small tumors . Furthermore, EUS-guided fineneedle aspiration (FNA) has the unique ability to
acquire specimens for histopathological diagnosis of this
devastating disease, especially in unresectable patients.
[82]
A most recent study by Ngamruengphong et al , using
the SEER-Medicare data including 2034 patients with
pancreatic cancer, showed that preoperative EUS-FNA
did not impair survival of pancreatic cancer. However,
EUS-FNA is not widely performed in China, although it
is now the standard of care in western countries. Less
than 40% of cases diagnosed with pancreatic cancer in
China had histological verification, mostly via surgery
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with pathological diagnosis . Limited application
of EUS in China may explain why so many patients
diagnosed with unresectable pancreatic cancer lack
histological confirmation.

THERAPY
Fewer than 20% of patients are eligible for curative
resection as pancreatic cancer is usually detected at
a late stage. Surgical resection is the cornerstone
of treatment, which offers the only chance to cure
patients with pancreatic cancer. Many patients have
disease recurrence even after radical surgery. Adjuvant
chemotherapy, radiotherapy, targeted therapy, and
traditional Chinese medicine have been commonly
used to improve quality of life.

Surgery

Surgical resection is the only potentially curative
therapy for pancreatic cancer. Assessment of the
involvement of local vessels is the key to determine
tumor resectability. With improvements in safety of
pancreatic surgery in recent decades, in the hope of
improving long-term survival, surgeons have continued
to explore the role of more extensive surgery. Whether
patients should receive extended lymphadenectomy
or not is controversial. A meta-analysis comparing
standard lymphadenectomy with extended lympha
denectomy during pancreaticoduodenectomy for
pancreatic cancer revealed that the extended procedure
did not benefit overall survival, and might even cause a
[83]
trend towards increased morbidity . Due to no benefit
in long-term survival being demonstrated, standard
pancreaticoduodenectomy continues to be the choice
for pancreatic head cancer.
A noteworthy change in pancreatic surgery in
China may be towards a minimally invasive approach,
particularly distal pancreatectomy, which could gain
wide acceptance for benign and low-malignancy
[84,85]
tumors
. A recent meta-analysis reported that
laparoscopic distal pancreatectomy resulted in less
loss of blood and time in hospital, and lower rates of
overall complications and infections, but did not lower
[86]
rates of postoperative pancreatic fistula or mortality .
Application of robotic surgery has advantages over
laparoscopy, including the rate of R0 resections (i.e.,
complete resection with no tumor within 1 mm of the
[87]
resection margins), and greater lymph node yield .
A more recent study from Mayo Clinic showed that
total laparoscopic pancreaticoduodenectomy (TLPD,
n = 108) was feasible in the setting of pancreatic
ductal adenocarcinoma, and had advantages over
open pancreaticoduodenectomy (OPD), including
shorter hospitalization and faster recovery, allowing
patients to recover in a timelier manner and pursue
adjuvant therapy. There was also a significantly longer
progression-free survival in the TLPD group than in the
OPD group (n = 214), while the overall survival rates
[88]
of the two groups were similar . Despite this, robotic
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pancreatectomy is now not a common procedure in
China, mainly due to cost pressures. Nevertheless,
the effects and benefits need to be confirmed by more
data in China.

database including 2966 patients between 2004
and 2008, 62.1% of patients with pancreatic cancer
received postoperative radiotherapy and had an
associated survival benefit. However, similar to the
incidence of new-onset pancreatic cancer in China, use
of radiotherapy is also increasing. Given that patients
who underwent concurrent chemoradiotherapy had
better long-term survival compared with radiotherapy
[101]
alone or chemotherapy alone
, the efficacy of
combination of S-1 with gemcitabine followed by
concurrent radiotherapy has been investigated and
appeared promising in Chinese patients with locally
[102]
advanced pancreatic cancer . Among the 32 patients
who completed the scheduled course of chemotherapy,
30 received chemoradiotherapy. The median overall
and progression-free survival was 15.2 and 9.3 mo,
respectively. The 1-year and 2-year survival rates were
75% and 34.4%, respectively.

Chemotherapy and targeted therapy

Chemotherapy for patients presenting with advanced
pancreatic cancer is widespread in China. Gemci
tabine is the gold standard for pancreatic cancer
treatment and achieves a modest improvement in
overall survival. Gemcitabine-based combination
chemotherapy has been first-line for advanced
pancreatic cancer for more than one decade and shows
a superior clinical response and survival. In a study
[63]
by Long et al , more than 30% of 846 pancreatic
cancer patients recruited in a population-based study
underwent chemotherapy, and 9.6% of patients
received combination therapy. Regional intra-arterial
infusion chemotherapy for pancreatic cancer has been
safely used to suppress tumor growth and was more
[89]
effective in reducing incidence of liver metastasis .
[89]
In a study by Jin et al , 50 patients who underwent
regional intra-arterial infusion chemotherapy had
disease-free and median survival times of 15.5 and 18
mo, respectively. However, the necessity for regional
arterial chemotherapy remains controversial due to its
[90]
invasive nature .
Gemcitabine plus nab-paclitaxel and FOLFIRINOX
(oxaliplatin, irinotecan, fluorouracil, and leucovorin)
have been recently reported to improve survival for
[91,92]
metastatic pancreatic cancer significantly
. However,
these two regimens are currently not popular in China
due to increased toxicity and high cost not covered by
insurance. The situation is similar for S-1, which is not
inferior to gemcitabine for survival rate, with acceptable
tolerance for locally advanced and metastatic
[93]
pancreatic cancer . Only small clinical studies have
been conducted to evaluate these regimens for Chinese
[94,95]
patients with advanced pancreatic cancer
.
Targeted therapy may be promising to improve
[96]
survival in advanced pancreatic cancer . However,
targeted therapy in several phase Ⅲ trials was not
[97-99]
superior to standard chemotherapy
. Additionally,
drug reimbursement policies strongly affect the
availability of systemic therapy in China. Most targeted
agents are not covered by insurance, leading to
prohibitively high cost for patients and limitation of
options for advanced pancreatic cancer.

Traditional Chinese medicine

Traditional Chinese medicine, which mainly uses
combinations of herbs, represents about 40% of the
pharmaceutical market in China. Moreover, about
90% of oncologists prescribe herbs and 80% of
patients with cancer have taken traditional Chinese
[103]
medicine . The widespread application of traditional
Chinese medicine may be related to the belief that
it can improve immune function and quality of life in
[104]
cancer patients
. Huachansu injection, which is a
water-soluble preparation made from skin of Bufo
gargarizans, has been used in China for pancreatic
cancer treatment. However, a recent randomized
phase Ⅱ clinical trial showed that huachansu plus
gemcitabine did not improve survival of patients with
[105]
locally advanced or metastatic pancreatic cancer
.
Turmeric root has been used medicinally for thousands
of years in China. The active component is thought to
be curcumin, which is commonly available worldwide
and has been shown to exert activity against various
[106]
malignancies, including pancreatic cancer
. In
a phase Ⅱ study including 25 patients, curcumin
showed clinical biological activity in some patients
[107]
with advanced pancreatic cancer, without toxicity
.
Another phase Ⅰ/Ⅱ study of 21 patients showed that
patients with gemcitabine-resistant pancreatic cancer
who received combination therapy using 8 g/d oral
curcumin with gemcitabine-based chemotherapy had
a median survival of 161 d (95%CI: 109-223 d) and
[108]
the 1-year survival rate was 19%
. However, poor
absorption limits the clinical activity of oral curcumin.
To enhance curcumin absorption, nanotechnology and
liposome-encapsulated curcumin have been studied in
[109,110]
vitro and in vivo for pancreatic cancer
.

Radiotherapy

The use of radiotherapy for pancreatic cancer is not
popular in China. For instance, in Shanghai, only
3.5% of patients received radiotherapy as part of
[63]
[67]
their primary treatment . In a study by Chen et al
of pancreatic ductal adenocarcinoma, among 565
patients, only 14 underwent postoperative radiotherapy.
The proportion of pancreatic cancer patients receiving
radiotherapy in China is less than that in the United
[100]
States. In a study by Mellon et al
using the SEER
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Table 1 Number of pancreatic cancer related publications and clinical trials by country
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Retrieved from Clinicaltrials.gov, ISRCTN, International Clinical Trials Registry Platform (ICTRP), and UMIN Clinical Trials Registry (UMIN-CTR), which
are all approved by the International Committee of Medical Journal Editors (Oct 26, 2014) with search term “pancreatic cancer” and “country”.
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Figure 8 Publications by country in progress for pancreatic cancer over time.

from China have rapidly grown since 2007, regardless
of the fact that the total number of publications
in China is far less than that in the United States
(Table 1). The number of publications from China
in 2013 exceeded that from Japan, and was second
only to the United States (Figure 8). Such great
development of pancreatic cancer research in China
may benefit from a steady increase in funding from
the Chinese government, among which the National
Nature Science Foundation of China (NSFC) is one
of the most important research funds. Funding for
pancreatic-cancer-related research from NSFC has
steadily increased. However, investment in different
cancer types remains uneven. Funding for research
related to pancreatic cancer is less than for other
cancer types, such as liver, breast and gastric cancers.
The proportion of investment in research funding
for pancreatic cancer has not been growing in the
field of oncology in the past two decades (Figure 9).
Nevertheless, concurrent with the rapid growth in
scientific papers published from China, there is a rising
concern that many of them are of inferior quality.
High-quality clinical trials are imperative for clinical
decision making for care of pancreatic cancer patients.
As a consequence of research funding shortage,
there are only 84 clinical trials published in Pubmed
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and currently 75 clinical trials for pancreatic cancer
registered in China (Table 1), with the numbers far less
than those in developed countries. This may explain
the inadequacy of high-quality pancreatic cancer
research in China. Therefore, China needs to develop a
multicenter cooperative research system for pancreatic
cancer, take part in international multicenter clinical
trials, or join an international cooperative group for
pancreatic cancer.

CHALLENGES AND FUTURE DIRECTION
Each year more than 330000 patients are diagnosed
with pancreatic cancer worldwide, with survival
changing little in the last four decades. The incidence
and mortality of pancreatic cancer in China are both
increasing. According to the recent prediction from
GLOBOCAN 2012, about 77497 men and 52868
women in China will be diagnosed with pancreatic
cancer in 2035. Nearly 130000 patients will die from
pancreatic cancer annually until then (Figure 10). The
prediction means that the incidence and mortality of
pancreatic cancer in China may increase faster in the
next few years, and China will face a huge pancreatic
cancer burden.
Unlike some cancers, pancreatic cancer is difficult
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Figure 9 Numbers and research funding of National Natural Science Foundation of China about pancreatic cancer and other major malignancies over
time.

cancer and achieve successful treatment. Increased
investment in education and healthcare are needed
in order to upgrade the quality of care and to reduce
the morbidity and mortality of pancreatic cancer. Last
but not least, to improve national pancreatic cancer
incidence and mortality statistics, the number of
cancer registries still needs to be expanded, covering
as much of the population as possible.
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REFERENCES
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Figure 10 Estimated pancreatic cancer incidence and mortality in the next
20 years in China according to Globocan 2012.

2

to detect early, and usually presents at a late stage.
With no established screening programs, resources
might be allocated for earlier stage detection by
offering a comprehensive strategy of imaging and
genetics to identify curable cancers in high-risk
[111]
individuals
. Some patients are overtreated with
aggressive surgery or adjuvant therapy, while some
are undertreated. Multidisciplinary care, which provides
comprehensive evaluation and treatment, is the most
[112]
effective approach to manage cancer patients
.
However, multidisciplinary teams specialized in
pancreatic cancer are currently rarely established in
most centers in China, even in high-volume centers.
Thus, multidisciplinary management of pancreatic
cancer is an urgent need. Although more and more
pancreatic cancer centers appear in China, rare
multicenter collaborative studies have been conducted.
The Chinese government should recognize shortfalls
in research funding in areas of pancreatic cancer. More
research supported by government funding can help
us understand the biological behavior of pancreatic
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Abstract
Although the perioperative bleeding complications and
the major side effects of blood transfusion have always
been the primary concern in liver transplantation
(OLT), the possible cohesion of an underestimated
intrinsic hypercoagulative state during and after the
transplant procedure may pose a major threat to both
patient and graft survival. Thromboembolism during
OLT is characterized not only by a complex aetiology,
but also by unpredictable onset and evolution of the
disease. The initiation of a procoagulant process may
be triggered by various factors, such as inflammation,
venous stasis, ischemia-reperfusion injury, vascular
clamping, anatomical and technical abnormalities,
genetic factors, deficiency of profibrinolytic activity,
and platelet activation. The involvement of the arterial
system, intracardiac thrombosis, pulmonary emboli,
portal vein thrombosis, and deep vein thrombosis,
are among the most serious thrombotic events in the
perioperative period. The rapid detection of occlusive
vascular events is of paramount importance as it
heavily influences the prognosis, particularly when
these events occur intraoperatively or early after
OLT. Regardless of the lack of studies and guidelines
on anticoagulant prophylaxis in this setting, many
institutions recommend such an approach especially
in the subset of patients at high risk. However, the
decision of when, how and in what doses to use the
various chemical anticoagulants is still a difficult task,
since there is no common consensus, even for highrisk cases. The risk of postoperative thromboembolism
causing severe hemodynamic events, or even loss
of graft function, must be weighed and compared
with the risk of an important bleeding. In this article
we briefly review the risk factors and the possible
predictors of major thrombotic complications occurring
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in the perioperative period, as well as their incidence
and clinical features. Moreover, the indications to
pharmacological prophylaxis and the current treatment
strategies are also summarized.

in blood losses. Currently, not only is the number of
liver recipients who undergo massive transfusions
steadily decreasing but clinical evidence has also
emerged to support the opposite trend, attesting to
a possible cohesion of an underestimated intrinsic
hypercoagulative state during and after the transplant
procedure. The better definition and understanding
of the so called re-balanced haemostatic system in
end-stage liver disease has in fact underlined the
substantial risk of developing perioperative thrombotic
[2]
complications that is present in certain liver recipients .
Thrombotic events, although much more less
frequently encountered than bleeding complications,
deserve special attention because they pose a major
threat to both patient and graft survival.
Fortunately, in the majority of institutions, the strict
and continuous point-of-care, perioperative monitoring
of haemostasis has led to the abandonment of tradi
tional attempts to prophylactically reverse perioperative
abnormal coagulation tests. An on-demand strategy of
coagulation factor transfusion is, in fact, safe and allows
for a restrictive transfusion policy.
It has to be underlined that surgical factors and
abilities make critical contributions to the minimisation
of blood loss. Operative approaches aiming at
preventing splanchnic organ stasis, careful handling
of perihepatic inflammatory adhesions, and the
maintenance of meticulous haemostasis of damaged
collateral vessels originating from portal and splanchnic
hypertension may result in a substantial proportion
of patients who receive transplants without any need
for coagulative blood products. Furthermore, surgical
technique and skill are among the central determinants
of the intraoperative release of tissue factor, which,
in association with possible related technical defects,
undoubtedly contributes to OLT-related vascular
[3]
thrombosis .

Key words: Vascular complications; Thromboembolic
phenomena; Liver transplantation; Hepatic artery
occlusion; Postoperative complications; Pulmonary
emboli
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data from many transplant centers demon
strate an underlying hypercoagulative state during
liver transplantation. A dysfunctional hypercoagulable
condition may persist for a variable time period after
the transplant procedure. Occlusive vascular events
deserve special attention because they pose a major
threat to both patient and graft survival. Regardless
of the lack of definitive guidelines on postoperative
preventive antithrombotic treatment, many institutions
recommend prophylactic anticoagulation in liver
recipients at high risk of vascular thrombotic events.
The present paper reviews the characteristics and risk
factors of thrombotic complications after liver tran
splantation; in addition it presents valuable information
on the relevance of pharmacologic thromboprophylaxis.
Feltracco P, Barbieri S, Cillo U, Zanus G, Senzolo M, Ori C.
Perioperative thrombotic complications in liver transplantation.
World J Gastroenterol 2015; 21(26): 8004-8013 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i26/8004.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i26.8004

INTRODUCTION
Liver transplantation (OLT) has become a particularly
successful therapy for patients with end stage
liver disease. Innovations in surgical techniques,
anaesthesiological approaches and post-operative
care, along with improvements in immunosuppressive
regimens, have led to 80%-90% one-year survival
rates for transplant recipients and satisfactory long[1]
term overall outcomes .
Perioperative bleeding complications in liver
transplantation and the major side effects of blood
transfusion have always been the primary concern
accompanying this procedure, as surgery includes
native liver dissection and removal under conditions
of deranged coagulation, portal hypertension, and
diffuse collateral venous flow. However, improved
surgical skill during hepatic dissection, the introduction
of modern devices for the prompt haemostasis of
the small vascular structures, a dedicated, protocolguided, anaesthesia care team, and intraoperative
continuous monitoring and treatment of coagulative
abnormalities have contributed to an important decline

WJG|www.wjgnet.com

Risk of thromboembolism in OLT
Thromboembolism during OLT is complex in aetiology
and unpredictable in onset and evolution. The initiation
of a procoagulative process may be triggered by
abnormal thrombin generation and platelet function,
along with a lack of efficacy of the profibrinolytic
system. Secondary to cirrhosis, pro- and anti-coa
gulants make up an unstable balance, and several
factors inherent to the procedure of transplantation
[2]
can promote a hypercoagulable state .
Liver-related vascular thrombosis, such as portal
vein thrombosis and hepatic artery thrombosis,
systemic thromboembolic processes, and the formation
of thrombi in the central venous and pulmonary
circulation, are among the reported causes of either
graft failure or life-threatening adverse events (Table 1).
Various transplantation-related triggers, such as
surgical damage, the release of activators from the
donor liver, blood stasis, and systemic inflammatory
responses, can activate coagulation or induce platelet
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and consumptive coagulopathy may also be caused by
a decreased hepatic blood flow or the poor recovery of
a new graft. High pulmonary artery pressures, haemo
dynamic instability, and increased levels of serum
lactate have also been recognised as intraoperative
[6]
factors predisposing to thrombotic complications .
An enhanced haemostatic capacity not only related
to an altered local flow dynamics but also to various
acquired and genetic thrombotic risk factors may be
observed in patients with Budd-Chiari-syndrome, preexisting portal vein thrombosis, pelvic and deep leg
vein thrombosis, Factor V-Leiden (APC resistance),
protein C deficiency, primary biliary cirrhosis, primary
[7]
sclerosing cholangitis, and malignant liver tumors .
The incidence, distribution, and severity of hyper
coagulative state with associated complications in
liver transplant recipients are still unknown. Krzanicki
[8]
et al by retrospectively reviewing the database of
intraoperative thromboelastography (TEG) of 124
liver transplant recipients, observed a high rate
of hypercoagulation in patients with cholestatic
pathologies (42.9%) and with primary biliary cirrhosis
(85.7%), in those with primary sclerosing cholangitis,
and in those fulminant hepatic failure (50%) and nonalcoholic steatohepatitis (37.5%).

Table 1 Perioperative thromboembolic events in liver
transplantation
Arterial complications
Intraoperative hepatic artery thrombosis
Early postoperative hepatic artery thrombosis
Coronary artery thrombosis
Peripheral arterial occlusion
Intracardiac thrombosis
Pulmonary emboli
Paradoxical air/thromboembolism
Early portal vein thrombosis/re-thrombosis
Post-orthotopic liver transplantion deep vein thrombosis and inferior
vena cava thrombosis

Table 2 Major risk factors for perioperative thromboembolic
events in liver transplant
Abnormal thrombin generation
Defective profibrinolitic system due to elevated plasminogen activator
inhibitor 1 endothelial type levels
Platelet activation from venous stasis or inflammation
Intestinal ischaemia and liberation of infectious mediators
Tissue thromboplastin release
Vascular clamping/unclamping
Platelet aggregates and microthrombosis around catheters
Severe ischaemia-reperfusion phenomena
Veno-venous by-pass
High pulmonary artery pressure
Anatomical and/or technical causes

Intracardiac thrombosis and
pulmonary emboli during OLT

activation. Other factors capable of increasing the
thrombotic risk include clamping (total or partial) of
the vena cava or portal vein, ischemic insults to the
intestine, liberation of splanchnic infectious mediators,
injury to a large capillary bed, release of tissue throm
boplastin and use of venovenous bypass (Table 2).
A causative role of venovenous bypass in the
development of thrombosis has been suggested, as the
exposure of blood to the foreign surface of the tubing
system is a well-known trigger activating coagulation,
despite any heparin coating. However, some authors
have suggested that, by reducing the stasis of blood in
the inferior vena cava and splanchnic region during the
anhepatic phase, venovenous bypass can reduce the
[3]
risk of thrombus formation .
Perioperative thromboembolic complications can
also occur after the migration of thrombi produced
around pulmonary artery catheter or venous catheters
or originating from a transjugular intrahepatic porto
[3,4]
systemic shunt (TIPS) . Additional factors include the
excessive use of haemostatic agents (i.e., fresh-frozen
plasma, anti-Vitamin K agents, platelets, recombinant
factor Ⅶa and antifibrinolytic drugs). Microthrombosis
of the pulmonary circulation has also been attributed
to platelet aggregates that are activated in the liver
[4,5]
graft during reperfusion .
The impaired clearance of activated coagulation
factors with gradual increases in the thrombin-antith
rombin-Ⅲ complex, excessive activation of coagulation
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Although the estimated incidence of intracardiac
thrombosis (ICT) and/or pulmonary emboli (PE) is
[6]
low (reported ranges from 1.2% to 6.2%) , these
serious complications are an often-overlooked cause
of mortality during adult liver transplantation that can
occur in any phase of the transplant. As reported by
[9]
Lerner et al , approximately 30% of the cases were
noted during the preanhepatic phase versus over 30%
during the anhepatic and the reperfusion phase of the
procedure.
[10]
In a review by Warnaar et al , the number of intra
operative reported episodes up to 2006 was 74, with
PE alone in 32 patients (43%) and a combination of
PE and ICT in 42 patients (57%). In the retrospective,
[11]
single-centre review by Cherian et al , out of
approximately 3000 OLTx performed from 1982 until
2007, only 36 patients were suspected of developing a
PE (incidence rate of 0.37%).
[6]
A more recent series by Sakai et al showed that
the incidence of PE was 4.0% (20 cases).
Many case reports have been published with
different onsets, treatment and outcomes. Most of the
ITC and PE during OLT occurred within a few minutes
[12]
after graft reperfusion .
The lower rate of ITC and PE observed in previous
studies may be due to the absence or very infrequent
use of intraoperative transoesophageal echocar
diography (TEE), which could have helped to identify
ITC and/or PE as a possible cause of sudden serious

8006

July 14, 2015|Volume 21|Issue 26|

Feltracco P et al . Trombotic events in liver transplantation
haemodynamic derangement.
The suggested association between intraoperative
PE and ICT and the use of antifibrinolytic drugs
remain controversial and have not been completely
[11,13]
demonstrated
.
[11]
In the review by Cherian et al
of 74 patients
with PE and/or ICT, 34 (46%) did not receive any
antifibrinolytic drugs; in various other cases, antifibri
[9]
nolytics were not implicated . The case reports of
patients who developed an intraoperative PE and/or
[14]
ITC when aprotinin was given
have led to criticisms
of the clinical safety of aprotinin. However, Warnaar
[15]
et al
in a retrospective analysis of 1492 patients,
demonstrated that intraoperative treatment with
aprotinin was not associated with a significantly
increased risk of postoperative thromboembolic events
in comparison with controls.
Very rarely in liver recipients with porto-pulmonary
syndrome or as a consequence of severe postreperfusion pulmonary arteriolar severe vasocon
striction or pulmonary emboli, an abrupt increase
in pulmonary artery pressure and right ventricular
pressure can develop. In the presence of a significant
increase in the right atrial pressure, an intra-atrial
patent septum or foramen ovale may facilitate the
passage of air bubbles from the right heart into
the systemic circulation. Paradoxical air emboli and
thromboemboli may thus be distributed to the terminal
[16]
arteriolar bed of the brain and heart .
Serious ITC and PE manifest intraoperatively
with systemic hypotension associated with increased
pulmonary artery pressure or persistent haemody
namic instability not responding to supportive therapy.
The combination of haemodynamic compromise
and TEE imaging allows for a correct diagnosis. The
identification of ITC with TEE is quite easy, but the
identification of clots in the peripheral pulmonary
arterial tree is almost impossible.
The overall mortality in the reported cases is
high (from 45% to 68%), and better survival rates
have been observed when aggressive cardioactive
therapies and thrombolysis are immediately initiated.
Thrombolytic therapy with recombinant tissue
plasminogen activator (rTPA), despite the increased
risk of significant haemorrhage, may reduce the
mortality of patients with massive pulmonary
embolism, generating superior survival (77%) over
[17]
embolectomy (53%) or heparin . Surgical pulmonary
embolectomy, despite the potential serious risks
facing a recipient with end-stage cirrhosis, has also
been performed in such cases, generating more
favourable results and complications than aggressive
[10]
haemodynamic support alone .

plication that develops more frequently in the
paediatric population due to their smaller vessel
[18]
diameters . In adults, anatomic abnormalities of
either native or graft hepatic arteries, multiple donor
arteries requiring reconstruction, and thrombophilia
have been implicated.
Mechanical factors, including internal flaps,
prolonged clamping of the hepatic artery during the
performance of the anastomosis, the kinking of a
long artery, and intra-arterial haematoma predispose
for the unexpected abrupt development of hepatic
[18]
artery thrombosis . Other attributable factors include
poor arterial flow, increased sinusoidal resistance,
preservation injury and an imbalance in the coagulation
[18,19]
factors, predisposing to hypercoagulability
. The
diagnosis is confirmed by hepatic artery palpation or
intraoperative Doppler ultrasonography. Immediate
surgical arterial thrombectomy and/reconstruction are
fundamental to restoring graft function.

Early postoperative hepatic
artery thrombosis
Thrombosis of the hepatic artery (HAT) can occur both
early and/or months after the transplantation. The
reported incidence of HAT ranges between 2.5% and
[18]
6% in adults and 15%-20% in children . Early HAT
may frequently occur when laboratory values indicate
an incomplete recovery of graft function, suggesting
the presence of a hypocoagulable state. Children are
more susceptible to the development of HAT due to the
small arterial vessels, split procedures, and involuntary
[19]
development of a high haematocrit .
Although, in many cases of HAT, no anatomical
or technical causes can be identified, the following
conditions are among the prominent predisposing
factors: graft oedema due to poor initial graft function,
multiple recipient arteries, coeliac trunk stenosis,
lienalis steal syndrome, injury of the intima of the
donor hepatic artery, previous transarterial chemoem
bolisation, split and living related liver transplantation,
aneurysm of the donor hepatic artery, aberrant
arteries with fragile intima and long backtable arterial
[20,21]
reconstruction before implantation
. Additional risk
factors include increased blood product transfusion
during transplant procedure, aortohepatic grafting,
the need for infrarenal aorta vascular extension with
respect to the use of supracoeliac aorta, and the pre
[20-22]
sence of portal vein thrombosis before transplant
.
A reduction in postanastomotic hepatic artery flow
after revascularisation has been considered one of the
[23]
most important predictors of early HAT after OLT .
A transient state of hypercoagulability, mainly
postoperative hypercoagulability (e.g., due to un
necessary excessive fresh frozen plasma or platelet
administration), especially when associated with
anatomical or technical abnormalities, can particularly
[24]
act to precipitate HAT .

Intraoperative hepatic artery
thrombosis
Acute thrombosis of the hepatic artery is a com
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Postoperative cytomegalovirus infection, which
leads to endothelial cell activation and increased
platelet reactivity, has been associated with an in
[25]
creased risk of HAT .
Early HAT typically leads to the ischaemia/necrosis
of the graft. Unexpected dramatic increases in transa
minases associated with a decrease in the bile flow and
lightening of the bile colour, fever and haemodynamic
impairment (septic-like syndrome) are typical signs of
[21]
diffuse hepatic cell necrosis from early HAT .
Biliary complications (intrahepatic biliomas and
biliary stenosis) with the preservation of graft function,
represent signs of late HAT. Ischemic insults can, in
fact, induce direct injury to the cholangiocytes and/or
damage to the arterioles of the peribiliary vascular
plexus. These microcirculatory disturbances lead to the
apoptosis and necrosis of the cholangiocytes, resulting
in the formation of strictures, biliary apoptosis,
[20,21]
necrosis, and cholangitis
.
In liver recipients at risk for HAT, thrombopro
phylactic strategies with heparin followed by aspirin
are beneficial, particularly in children. Sufficient
anticoagulation is most significantly mandatory during
the early postoperative period, despite its increased
risk of postoperative haemorrhage. The risk of late
HAT seems to be substantially decreased in patients
receiving aspirin (3.6% vs 0.6%), suggesting a
potential role of excessive platelet activation in the
[26]
aetiology of this complication .
The early detection and prevention of HAT is of
utmost importance, as these factors can heavily
influence the prognosis of patients, particularly when
found early after OLT. When not associated with
“evident” graft failure, these features invariably involve
the biliary strictures due to bile duct ischaemia.
Doppler ultrasounds of the hepatic artery and MRI
angiography are effective for the diagnosis of early
postoperative arterial stenosis and thrombosis.
Treatment of early HAT relies rarely on interventional
radiological thrombolysis, on surgical thrombectomy,
and sometimes on reconstruction as the definitive
therapy. A late diagnosis of HAT or a failed surgical
[27]
approach may require urgent re-transplantation .
Treatment of early HAT relies rarely on interven
tional radiological thrombolysis; surgical thrombectomy
and sometimes anastomotic arterial reconstruction are
the definitive therapy.

time in the long-term course, with more subtle
manifestations.
One important risk factor for the development of
postoperative PVT is the presence of preoperative PVT,
which is frequently associated with cirrhosis and liver
cancer. However, this association is still controversial
and has not consistently been demonstrated. In
[30]
a report by Enestvedt et al , patients with preoperative PVT who did not have a higher rate of postoperative thrombotic events showed no adversely
impacted patient survival after OLT.
Previous studies have shown that the incidence
of early post-OLT rethrombosis in liver recipients
[31]
with native PVT ranged from 5% to 21% . In more
recent data, the incidence of post-OLT portal vein
rethrombosis after previous portal vein thrombectomy
[32,33]
was found to be highly variable (6% to 40%)
.
The preoperative extent of a thrombus within the
portal venous bed is the main determinant of postreperfusion portal flow, guiding both the risk and
the speed of portal vein re-thrombosis. Patients with
complete PVT with extension throughout the portal
venous bed were once excluded from receiving an
[31]
OLT . Currently the decision to include among OLT
candidates those with a diffuse preoperative PVT is
based on both the centre’s expertise and the surgeon’s
skill and decision.
Optimal perfusion of the portal vein is very
important during the early postoperative period, and
factors causing a steal phenomenon (e.g., previous
splenectomy, or large collaterals) may decrease the
portal vein blood flow.
Other risk factors for post-transplant PVT include
severe pre-transplant portal hypertension, other
treatments for portal hypertension (e.g., TIPS,
portocaval shunt, splenectomy, and splenic vein
embolisation), hypoplastic portal veins, mismatches
in the size of the donor and the recipient portal
vein, severe graft oedema, and large portosystemic
[22]
collaterals . Any injury to the portal vein wall (intimal
injury) caused by a previous thrombectomy may also
predispose to PVT, as well as any technical factors
leading to redundancy, kinking, torsion, and stenosis
[34]
at the site of the anastomosis .
Liver transplant recipients with significant preope
rative portal vein occlusion, apart from their increased
risk of rethrombosis, seem to be affected by a higher
rate of serious postoperative complications and have
[34]
[35]
a higher mortality . Sharma et al
compared the
incidence of postoperative complications in 78 recipients
with PVT (study group) with a random sample of 78 con
temporaneous recipients without PVT (control group).
In the study group, the rate of primary non-functioning
was significantly higher than in control group (9.0%
and 1.3%, p = 0.063), with retransplantation rates of
17.9% and 7.7%, respectively (p = 0.055).
Early PVT causes severe graft ischaemia, ascites
and increased portal vein pressure. Hepatic infarction

Portal vein thrombosis

Portal vein thrombosis (PVT) has been reported to
occur in 4.9% to 10.6% of liver recipients, with the
highest incidence occurring in the paediatric living
[28,29]
donor population receiving left-side grafts
.
Postoperative PVT may be partial, if there is
some preservation of portal flow, or complete, if the
occlusion involves the entire lumen. PVTs can emerge
in the transplanted patients early after OLT, with
marked clinical and biochemical signs, or at a variable
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may develop, even in the absence of arterial compro
[36]
mise . Irreversible graft loss mandates the need for
emergency retransplantation (when possible). The
clinical signs of early PVT parallel those of ingravescent
allograft dysfunction, which can lead to haemorrhage,
haemodynamic instability, intestinal ischaemia, and
[20]
higher associated mortality . A delayed onset of PVT
is often not associated with severe graft failure but
instead determines unavoidable portal hypertension.
Frequent Doppler ultrasonography in the immediate
postoperative period is essential to the early detection
of PVT, especially in patients who have had a previous
PVT. MRI-angiography and CT scans can confirm the
diagnosis.
Percutaneous treatment of post-OLT PVT, with
mechanical and/or pharmacologic thrombolysis, has
been attempted, but the favourable results are mostly
described in case reports.
[37]
Cherukuri et al reported a successful transjugular
approach on postoperative day 10 following OLT
with an overnight infusion of urokinase, followed
by a pushing of the residual clot into a competitive
splenorenal shunt. Mechanical fragmentation of a
portal vein thrombus with contemporaneous use of
urokinase and subsequent stent positioning has also
[38]
been described .
However, percutaneous interventions, thrombolysis,
and systemic heparinisation are not always effective
alternatives to surgery. Immediate reoperation with
acute thrombectomy or surgical resection followed
by direct anastomosis with/without a venous graft, is
frequently the most successful option.
Early post-operative anticoagulation with a short
course of heparin should be recommended in high
risk liver recipients with an underlying prothrombotic
state, and especially in those undergoing caval
[39]
transposition and “non-anatomical” procedures .
Patients with the persistence of a prothrombotic state
not reversed by transplantation should receive long
term anticoagulation (e.g., with antiVit K agents). The
effect of low dose aspirin on the prevention of PVT or
[40]
re-thrombosis is still not defined .

synthesise abnormal proteins that could increase the
risk for thrombosis.
It is worth noting that some defects in the proteins
involved in the regulation of anticoagulation (inherited
antithrombin, protein C or protein S deficiency, the
factor Ⅱ G20210A mutation) can also be transmitted
[44,45]
through liver grafts from donors to recipients
.
Recurrent deep-vein thromboses have been
described in patients with “acquired” activated protein
C resistance caused by a homozygous factor V Leiden
gene mutation in a donor liver and in a liver recipient
with a heterozygous protein C deficiency associated
[45]
with dysfibrinogenaemia .
Liver-transplanted patients who receive a graft
from a donor who was not screened for thrombophilic
abnormalities are most likely not diagnosed as having
a prothrombotic tendency until the first thrombotic
episode occurs. In fact, screening for prothrombotic
abnormalities is very rarely performed emergently
before cadaveric transplantation. On the contrary,
living-donor liver transplantation, which is a scheduled
procedure, generally includes donor screening for
genetic thrombophilic abnormalities.
In a retrospective review of 917 patients over 15
[42]
years, Salami et al
reported a 4.58% incidence of
venous thromboembolism occurring up to 1 year after
OLT. Twelve (1.31%) patients had pulmonary emboli
and DVT originating from both the upper and lower
extremities. Upper extremity DVT is infrequently or not
reported in this setting, even though liver recipients
who need large bore catheters into the subclavian
or internal jugular veins for a long time could easily
develop this complication. Upper extremity DVT seems
to be a risk factor for PE comparable with that of the
lower extremities DVT, and with a similar, or even
[46,47]
higher, mortality
.
Doppler ultrasound is the preferred method for
detecting a venous thrombosis.
In the presence of either upper or lower extre
mity DVT, therapeutic doses of LMWH should be
administered, followed by oral anticoagulant therapy.
Liver recipients with major risk factors for bleeding are
candidates for to inferior vena cava filter insertion. This
device is also essential in those who require urgent
surgery that precludes anticoagulation and in cases of
combined DVT and PE.

Post-OLT deep vein thrombosis and
inferior vena cava thrombosis
Deep vein thrombosis (DVT) is a rare post-transplant
complication, with a reported incidence of < 3% in
previous studies and between 3.5% and 8.6% in more
[41-43]
recent series
.
Major risk factors for post-OLT deep-vein thrombosis
include venous stasis due to prolonged immobilisation,
the development of a hypercoagulable state as a
result of an aggressive surgery, the administration of
excessive procoagulant factors, lupus anticoagulant,
and the prolonged maintenance of indwelling femoral
[43]
vein catheters .
An apparently well-functioning graft may also
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Relevance of pharmacologic
thromboprophylaxis after OLT
Owing to the risks of bleeding and coagulopathy,
antithrombotic prophylaxis to prevent DVT, HAT,
PVT or PE is not routinely used in the immediate
postoperative period. Clinical practice and laboratory
data demonstrate that the normalisation of a stable
haemostatic system by a new liver may take some
time; furthermore, thrombocytopenia may persist for
weeks. However, it has been shown that end-stage

8009

July 14, 2015|Volume 21|Issue 26|

Feltracco P et al . Trombotic events in liver transplantation
the clinical presentation of any specific thrombotic
event dictates the degree of anticoagulation required.
[48]
A recent paper by Mukerji et al advises not to begin
anticoagulation until the post-transplant INR is above
1.5 to 2 and the platelet count is below 50000.
Paediatric patients or those with preoperative
PVT, diabetes, obesity, hepatic cancer and a high
cardiovascular risk may benefit from more intensive
thromboprophylactic treatments.
These pharmacological strategies mainly rely on
IV LMWH heparin and the combination of heparin plus
aspirin. The risk/benefit of each approach must also be
evaluated in relation to the distance from surgery, the
protein synthetic function of the graft, and the possibility
of strictly monitoring the pharmacologic effects of the
drug. Assessing the efficacy of thromboprophylaxis
is, in fact, difficult because the monitoring of antiXa
activity may be unpractical; that of protein C, S, and
antithrombin post-operatively produced, defective; and
that of platelet function, unknown.
The administration of antithrombotic drugs in highrisk OLT recipients requires careful watching, as the
anticoagulation efficacy in the presence of both graft
and distant organ dysfunction may be unpredictable.
For example, a reduction in the dosage of LMWH
is recommended because LMWH has demonstrated
an increased anticoagulant potency in patients with
[50]
cirrhosis . Heparin, which enacts its anticoagulant
activity by virtue of the enhancing effect provided by
antithrombin, may display wide variations in activity
depending on the graft synthesis of antithrombin. In
addition, in the presence of renal dysfunction, heparin
may accumulate, leading to the need for frequent dose
adjustments.
[51]
In the study by Shay et al post-transplant prophy
laxis with 325 mg daily of aspirin was associated with
a significantly lower incidence of early HAT and a
non-significant lower incidence of PVT. As previously
mentioned, the effectiveness of antiplatelet prophylaxis
in reducing the incidence of Hat was also demonstrated
[26]
by Vivarelli et al .
Combination therapy with i.v. heparin or LMWH plus
aspirin has also been proposed to prevent early events
in individuals at a high risk of PVT or HAT. The use of
bivalirudin in a patient with Budd-Chiari syndrome who
required post-OLT anticoagulation and with a history
of heparin-induced thrombocytopenia was reported by
[52]
Anderegg et al .
P2Y12 blockers (such as clopidogrel) and/or aIIbb3
blockers (such as abciximab), as well as thrombin
inhibitors and inhibitors of activated factor X, such
as dabigatran and rivaroxaban, have been proposed
to prevent post-transplant arterial thrombosis.
However, the lack of established reversal agents, their
mechanism of clearance via the kidneys or liver, the
risk of excessive anticoagulation in the immediate
postoperative period, and unknown dose regimens
have led to their very scarce consideration for the

Table 3 Major indications for post-orthotopic liver trans
plantion thromboprophylaxis
Thrombophylic states
Excessive intraoperative administration of procoagulant factors
Split and living donor transplant
Small arteries or reconstructed arteries
Pre-transplant portal vein thrombosis
Complicated vascular anastomosis
Decreased portal vein blood flow
Hypoplastic portal vein
Caval transposition and “non-anatomical” procedures
Poor arterial flow
Multiple recipient arteries
Infrarenal aortohepatic grafting

cirrhotic patients may be at risk of DVT and PE, and
some subset of liver recipients are at a very high risk
of vascular thrombotic complications. For this reason,
regardless of the lack of studies and guidelines on
prophylactic anticoagulation in this setting, many
institutions recommend such an approach in very
[34]
particular circumstances . The most difficult task
is the decision of when, how and at which dose
to use chemical anticoagulants, as no consensus
exists, even in special high-risk situations. The risk of
postoperative thromboembolism causing either serious
haemodynamic events or loss of graft function needs
to be weighed against the risk of bleeding. Bleeding
complications may lead to intra-abdominal hematomas,
graft dysfunction, infections, haemodynamic instability,
renal dysfunction, or the need for the transfusion
of blood products. Postoperative anticoagulation
may preclude or delay urgent re-operations or other
procedures, such as biopsy, endoscopy, and drainage
[48]
insertion .
Patients who mostly benefit from routine throm
boprophylaxis are those with recognised thrombophilia
(as in Budd-Chiari syndrome) or those receiving
massive amounts of fresh frozen plasma, platelet
transfusions, or fibrinogen intraoperatively, especially if
the recovery of graft function is rapid (Table 3).
Another group who should be considered for
routine thromboprophylaxis consists of living donor
transplants, paediatric transplants, pretransplant PVTs,
recipients of grafts with reconstructed donor arteries,
or those with complicated anastomosis at the portal
[49]
site or difficult portal vein thrombectomy .
The value of a decreased PT, prolonged aPTT or
increased INR as a predictor of hypocoagulability
remains unclear after OLT, and some patients go on
to develop a hypercoagulable state as a result of
diminished anticoagulant and fibrinolytic activity. In
addition to laboratory tests, the point-of-care monitoring
of coagulation by ROTEM/TEG or other devices may
help physicians to better identify “real-time” coagulation
profiles.
In general, whether to administer prophylaxis
depends on the clinical status of the patient, whereas
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purpose of thromboprophylaxis.
The use of an implantable pump into the portal
vein with the purpose of preventing and treating any
rethrombosis of the portal vein after OLT has been
[53]
reported by Shi et al
Using a minitype implantable
pump that was implanted through the right gastro
epiploic vein and had an extracorporeal tip on the skin
surface slightly below the right costal arch, the authors
delivered 250 U/kg of heparin every 24 h. The rate
of rethrombosis in the portal vein was significantly
lower than the rate of PVT among patients without
an implantable pump. The implantable pump in their
series significantly reduced the rate of relaparotomy or
retransplantation and the in-hospital mortality rates.

4

5

6

CONCLUSION

7

Despite the traditional belief that a prolonged PT
and APTT suggest a hypocoagulable state and a
bleeding tendency, some liver recipients in the early
postoperative period are prone to developing microand macro-thrombi within the splanchnic, systemic
and pulmonary circulation. A dysfunctional coagulation
system associated with hypercoagulability may persist
for a variable time period, and some individuals may
display a normal or even higher thrombin generation
[1]
capacity .
It is worth noting that patients who are examined
with conventional coagulation tests may not have their
potentially reduced level of anticoagulant proteins be
detected; more sophisticated investigations are often
necessary. The delayed recovery of the anticoagulant
proteins along with the normal activity of almost all
of the procoagulant factors achieved from day 1 to 3
[54]
postoperatively was established several years ago .
Because conventional coagulation tests do not
provide information about the quality or the dynamics
of clot formation, the correction of postoperative
coagulation parameters is unjustified unless clinical
bleeding manifests.
An increasing awareness that hypercoagulability
may potentially be exacerbated during transplant
procedures should put physicians on alert for the
rapid identification of possible predictors of vascular
thrombosis. This awareness may help with the
selection of those liver recipients most suitable for
prophylaxis, a practice that continues to vary widely
among centres.
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MINIREVIEWS

Helicobacter pylori -negative gastric mucosa-associated
lymphoid tissue lymphomas: A review
Naoki Asano, Katsunori Iijima, Tomoyuki Koike, Akira Imatani, Tooru Shimosegawa
90% of gastric mucosa-associated lymphoid tissue
(MALT) lymphomas are related to Helicobacter pylori
(H. pylori ) infection. This implies that approximately
10% of gastric MALT lymphomas occur independent
of H. pylori infection. The pathogenesis of these H.
pylori -negative gastric MALT lymphomas remains
unclear. To date, there have been several speculations.
One possibility is that genetic alterations result in
nuclear factor-kappa B (NF-κB) activation. Among
these alterations, t(11;18)(q21;q21) is more frequently
observed in H. pylori -negative gastric MALT lymphomas,
and such translocation results in the synthesis of fusion
protein API2-MALT1, which causes canonical and
noncanonical NF-κB activation. Another possibility is
infection with bacteria other than H. pylori . This could
explain why H. pylori eradication therapy can cure
some proportions of H. pylori -negative gastric MALT
lymphoma patients, although the bacteria responsible
for MALT lymphomagenesis are yet to be defined.
Recent advances in endoscopy suggest magnifying
endoscopy with narrow band imaging as a useful tool
for both detecting gastric MALT lymphoma lesions and
judging the response to treatment. A certain proportion
of H. pylori -negative gastric MALT lymphoma patients
respond to eradication therapy; hence, H. pylori
eradication therapy could be considered as a first-line
treatment for gastric MALT lymphomas regardless of
their H. pylori infection status.
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Abstract

Core tip: Although the majority of gastric mucosaassociated lymphoid tissue (MALT) lymphoma patients
are infected with Helicobacter pylori (H. pylori ), appro
ximately 10% of patients do not have H. pylori infection.
Recent studies have demonstrated that eradication

Since Isaacson and Wright first reported on the extranodal marginal zone B-cell lymphoma of the stomach
in 1983, following studies have clarified many aspects
of this disease. We now know that the stomach is the
most affected organ by this disease, and approximately
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therapy for H. pylori is effective not only for H. pylori positive but also for H. pylori -negative gastric MALT
lymphoma patients.

lymphomas.
Several genetic alterations have been identified in
gastric MALT lymphomas: t(11;18)(q21;q21), t(1;14)(p22;q32),
[11,12]
t(14;18)(q32;q21) and t(3;14)(p13;q32)
. Among
these genetic abnormalities, t(11;18)(q21;q21) is the
most frequently detected translocation in gastric MALT
[11-14]
lymphomas
and is more frequently observed
in H. pylori-negative gastric MALT lymphomas. This
translocation fuses the N-terminus of the API2 gene
to C-terminus of the MALT1 gene, which results in
[15]
the synthesis of an API2-MALT1 fusion protein .
MALT1 was first reported in 1999 by two groups, and
they both suggested that API2-MALT1 is important
[16,17]
to the pathogenesis of gastric MALT lymphomas
.
The following studies revealed that API2-MALT1 fusion
protein activates nuclear factor-kappa B (NF-κB) through
noncanonical pathway by inducing the proteolytic
cleavage of NF-κB-inducing kinase (NIK), resulting
in deregulated NIK activity and noncanonical NF-κB
[18]
activation
(Figure 1 left panel). Conversely, Zhou et
[19]
al
reported that API2-MALT1 chimeric protein causes
canonical NF-κB activation via deregulated ubiquitin
ligase activity, which increases K63-polyubiquitination
[20]
of NEMO, and Lucas et al
reported that heterotopic
API2-MALT1 oligomerization and binding of TNF
receptor associated factor 2 (TRAF2) are required
for maximal NF-κB activation. Recent report detailed
the role of RIP1 ubiquitination, resulting from TRAF2
recruitment to API2-MAT1, as necessary for full NF-κB
[21]
activation
(Figure 1 right panel). This deregulated
[22]
activation of NF-κB induces tumorigenesis ; therefore,
this genetic alteration could be a cause of H. pylorinegative gastric MALT lymphoma.
Some groups suspected the involvement of a
bacterium other than H. pylori. Indeed, there are
several bacteria and viruses identified to have a
correlation between marginal zone B cell lymphomas
(Campylobacter jejuni and immunoproliferative small
intestinal disease, Borellia burgdorferi and primary
cutaneous B-cell lymphoma, Chlamydophila psittaci
and ocular adnexal lymphoma, hepatitis C virus and
[23]
splenic marginal zone lymphoma) , and it is possible
that bacteria other than H. pylori are causing chronic
inflammation in the stomachs of H. pylori-negative
[24]
gastric MALT lymphoma patients. Morgner et al
reported 5 cases of H. pylori-negative but H. heilmanniipositive gastric MALT lymphomas. These patients were
treated with 40 mg omeprazole and 750 mg amoxicillin
3 times per day for 14 d, which is a similar treatment
to H. pylori eradication, and the eradication of this
bacterium resulted in CR in all 5 patients. H. heilmannii
[25]
infection causes gastric B-cell lymphomas in mice ,
hence gastric infection by this bacterium may be a
cause of H. pylori-negative gastric MALT lymphomas.
Nonetheless, bacteria that have not yet been identified
may be involved in this MALT lymphomagenesis, and
further studies are warranted to clarify the details.
Another possibility is the involvement of autoimmune
diseases. Sjögren’s syndrome is associated with an
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INTRODUCTION
Mucosa-associated lymphoid tissue (MALT) lymphoma
is an extra-nodal B-cell lymphoma that arises in MALT,
which was first reported by Isaacson and Wright in
[1]
1983 . The following studies have elucidated many
aspects of this disease.
The stomach is one of the most affected organs by
this disease, and approximately 90% of the affected
stomachs are infected with Helicobacter pylori (H.
[2]
pylori) .
This implies that approximately 10% of gastric MALT
lymphomas occur independent of H. pylori infection.
These gastric MALT lymphomas were considered to be
resistant to H. pylori eradication. Although there were
reports of H. pylori-negative gastric MALT lymphomas
[3,4]
that were successfully treated with antibiotic therapy ,
some assumed that those were only false negative
[5]
cases . We now know that some proportions of gastric
MALT lymphoma in H. pylori-uninfected stomachs
[3]
can be successfully treated with antibiotic therapy .
However, there are not as many reports on H. pyloriuninfected MALT lymphomas compared with the infected
ones. Therefore, in this review, we will summarize the
current knowledge of H. pylori-negative gastric MALT
lymphomas.

PATHOGENESIS
The pathogen in H. pylori-infected cases of gastric
MALT lymphomas is clearly H. pylori. This statement
is supported by the fact that approximately 75% of
H. pylori-positive gastric MALT lymphomas achieve
complete remission (CR) by eradication of this
[6,7]
bacterium alone
(Table 1). Chronic H. pylori infection
attracts lymphoid cells to the gastric MALT, where
these cells are continuously stimulated by H. pylori
and give rise to MALT lymphomas. Previous studies
have demonstrated that not only B cells, but also T
cells and macrophages play an important role in this
[8-10]
lymphomagenesis
.
Because H. pylori-negative gastric MALT lymphoma
patients are not infected with H. pylori, this bacterium
cannot be responsible for the lymphomagenesis. To
date, there have been several opinions regarding
the pathogenesis of H. pylori-negative gastric MALT

WJG|www.wjgnet.com

8015

July 14, 2015|Volume 21|Issue 26|

Asano N et al . H. pylori -negative gastric MALT lymphomas
TRAF2
API2

MALT1

API2

MALT1

MALT1

API2

MALT1

API2
TRAF2

NIK
Cleavage

NEMO

RIP1

IKKα

IKKb

P

Ub

NEMO

Processing

IkBa

IKKα

P

P
p100

RelB

IKKb

Ub

P

RelB p52

p65 p50

RelB p52

p65 p50

Noncanonical NF-kB activation

Canonical NF-kB activation

Figure 1 API2-MALT1 fusion protein induces noncanonical and canonical nuclear factor-kappa B activation.
[30]

subjects . Their endoscopic findings are classified
as the superficial-spreading type, mass-forming
[31,32]
type, diffuse infiltrating type and unclassified
.
Many gastric MALT lymphoma lesions have similar
endoscopic findings to early gastric cancers, but the
discrimination between them is critical because the
treatment for these diseases is different. Among these,
the superficial-spreading type is most sensitive to
[6]
antibiotic therapy .
The depth of the affected lesion is evaluated by
endoscopic ultrasonography. Depth evaluation is
important because gastric MALT lymphomas with
deep submucosal invasions respond less to eradication
[33]
therapy .
A definitive diagnosis for gastric MALT lymphomas is
made by histopathology. Histological scoring of lymphoid
infiltrations in the stomach according to Wotherspoon
[34]
et al
has been broadly used for histopathological
evaluation. It is important to perform an adequate
number of biopsies from the lesions both for making
an accurate diagnosis and ruling out the possibility of
diffuse large B cell lymphomas, and Fischbach proposed
[35]
that at least ten biopsies are required . In addition to
histopathology, immunostaining for B-cell markers can
[36]
aid in diagnosis .
Genetic alterations that are observed in MALT
lymphomas can be helpful for diagnosing the disease
and for predicting the response to antibiotic therapy as
mentioned below. The presence or the absence of these
alterations can be diagnosed by reverse transcription
polymerase chain reaction or by fluorescence in situ

Table 1 Comparison of Helicobacter pylori -positive and
Helicobacter pylori -negative gastric mucosa-associated
lymphoid tissue lymphomas
H. pylori -positive

H. pylori -negative

Pathogenesis

H. pylori infection

First-line therapy

Antibiotic therapy

Genetic alterations
Other bacterial infection
Autoimmune diseases
Antibiotic therapy

Response rate for
antibiotic therapy

75%

28%

H. pylori: Helicobacter pylori.

[26]

increased risk for parotid gland MALT lymphomas , and
a meta-analysis reported that the odds ratio of MALT
lymphoma development for Sjögren’s syndrome was
[27]
18.8 (95%CI: 9.5-37.3) . Hashimoto’s thyroiditis is also
[28]
a known risk factor for thyroid lymphoma . Therefore,
we cannot deny the possibility that autoimmune diseases
are also involved in gastric MALT lymphomagenesis, and
further investigations are warranted.

DIAGNOSIS
Because the clinical symptoms of gastric MALT
[29]
lymphomas are usually non-specific , gastric
MALT lymphoma lesions are traditionally detected
by screening esophagogastroduodenoscopy. Gastric
MALT lymphoma lesions of H. pylori-negative subjects
are similar to those observed in H. pylori-positive
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proposed, such as the therapy adopting metronidazole
[44]
instead of clarithromycin .
The first-line treatment for H. pylori-negative gastric
[36]
MALT lymphomas is also antibiotic therapy . Even in
the absence of H. pylori infection, several studies have
reported that certain proportions of patients responded
[3,4,14,30,45-52]
to this antibiotic therapy
(Table 2).
[4]
Raderer et al reported that five out of six H. pylorinegative gastric MALT lymphoma patients responded
to antibiotic therapy (one had partial remission and
four had complete remission), which corresponds to an
excellent response rate of 83%. This was the highest
reported response rate among H. pylori-negative gastric
MALT lymphomas. The response rate decreased to
[52]
46% in their later study , but this was still relatively
[3,46-50]
high compared with other reports
. Contrary to
these reports, earlier studies reported that H. pylorinegative gastric MALT lymphomas did not respond
[14,30,45]
to antibiotic therapy
. One possible explanation
for this discrepancy could be the insufficient time
span between antibiotic therapy and the judgment
[14]
of the treatment. For example, Ye et al
judged the
antibiotic treatment as not effective at the median time
of 7.5 mo (range: 4-12 mo). However, the median
time span to reach complete remission after antibiotic
therapy was 6 mo in our study, and we experienced a
number of cases that took 24 mo or longer to reach
[47]
[52]
remission . Raderer et al also noted that, although
most of the patients responded to antibiotic therapy in
3-9 mo, they did experience a case that took 36 mo
to achieve complete remission. Nonetheless, further
studies are warranted to clarify the cause underlying
this discrepancy.
Regarding the predictive factor for responsiveness,
[49]
multiple lesions , lesions in both proximal and
[50]
distal parts of the stomach , and the presence of
[50]
t(11;18)(q21;q21)
were predictive factors for nonresponsiveness to antibiotic therapy. We have pre
viously reported that 5 out of 17 H. pylori-negative
gastric MALT lymphoma patients treated with antibiotics
and PPI responded to the therapy, and 3 out of 5
responders had single lesions, while all non-responders
[49]
[50]
had multiple lesions . Similarly, Choi et al
reported
that non-responders had lesions in both proximal and
distal parts of the stomach, although they did not
distinguish patients’ H. pylori infection status (2 out
of 40 in responders, 4 out of 15 in non-responders).
Regarding the t(11;18)(q21;q21) translocation, 2 out of
3 H. pylori-negative patients without this translocation
were indicated to have responded to antibiotic therapy,
while the remaining patient with this translocation
[50]
did not . Other studies also reported that gastric
MALT lymphoma patients with t(11;18)(q21;q21) are
[6,12]
more resistant to antibiotic therapy
. Because this
translocation is more frequently observed in H pylori[12,14]
negative gastric MALT lymphoma patients
, this
needs to be taken into consideration.
The reason why H. pylori-negative gastric MALT
lymphomas respond to antibiotic therapy is not clear,

Table 2 Previous reports on Helicobacter pylori -negative
gastric mucosa-associated lymphoid tissue lymphomas n (%)
Responding patients/treated patients (responding rate)
Steinbach et al[45] (1999)
Ruskoné-Fourmestraux et al[30] (2001)
Ye et al[14] (2003)
Nakamura et al[3] (2006)
Raderer et al[4] (2006)
Akamatsu et al[46] (2006)
Terai et al[47] (2008)
Park et al[48] (2010)
Asano et al[49] (2012)
Choi et al[50] (2013)
Raderer et al[52] (2015)

0/6 (0)
0/10 (0)
0/5 (0)
2/7 (29)
5/6 (83)
1/9 (11)
1/4 (25)
3/4 (75)
5/17 (29)
2/5 (40)
5/13 (46)

[36]

hybridization .
Clinical staging of gastric MALT lymphomas is
defined according to either the Lugano international
[37]
conference classification
or the modified Ann Arbor
[36]
staging system . The former is mainly based on
radiological findings, whereas the latter takes the depth
of gastric wall infiltration into consideration. Because
depth of the affected lesion correlates with antibiotic
[33]
therapy responsiveness , the latter may reflect the
prognosis better than the former, but validation by
prospective studies are warranted.
There are a number of methods for the diagnosis of
[38]
H. pylori infection . It is always important to combine
different methods together, usually combining a noninvasive and an invasive method (e.g., urea breath
test and histopathology), to exclude the possibility of
a false-negative result. We must also be aware of the
possibility of a pseudo-negative result in patients with
extreme gastric mucosal atrophy and patients taking
proton-pump inhibitors (PPI).
Recently, the usefulness of magnifying endoscopy
in detecting gastrointestinal lesions has been given
[39]
attention , and magnifying endoscopy with narrowband imaging (MNBI) is proposed to be a useful
[32,40,41]
technique to diagnose gastric MALT lymphomas
.
[41]
Interestingly, Nonaka et al
reported that MNBI was
useful in not only detecting gastric MALT lymphomas but
also in evaluating their response to eradication therapy.
This additional information is very helpful because it
is often not easy to judge whether the patient should
undergo second-line therapy after H. pylori eradication
therapy in H. pylori-negative gastric MALT lymphomas.

TREATMENT
All of the gastric MALT lymphoma patients are considered
to have an indication for antibiotic treatment regardless
[36,42]
of their clinical stages
. Standard antibiotic therapy
consists of a combination of amoxicillin, clarithromycin
[43]
and PPI . According to previous reports, approximately
75% of H. pylori-positive gastric MALT lymphomas
are successfully treated by the eradication of this
[6,7]
bacterium . However, due to the increasing drug
resistance of H. pylori, many alternative therapies are
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but there are several possible speculations.
One speculation, as mentioned above, is that these
patients were infected with bacteria other than H. pylori,
and the antibiotic eradication therapy for H. pylori was
[24]
able to eradicate this non-H. pylori bacteria .
Another explanation is that clarithromycin (included
in the eradication medication) affected the patients’
immune system through its immunomodulatory
[53,54]
effect
. Nevertheless, further studies are warranted
to elucidate the mechanisms involved in this reaction.
Previously, when antibiotic therapy was considered
ineffective, radiotherapy was used as the first-line
therapy for H. pylori-negative gastric MALT lym
[55]
phomas . Gastric MALT lymphomas are sensitive to
[56]
radiotherapy, and, according to Zullo et al , 97.8%
of patients who were resistant to antibiotic therapy
responded to radiotherapy. Chemotherapy efficiency
[56]
for these patients has also been described , and a
combination of anti-CD20 monoclonal antibodies with
[57,58]
chemotherapy reportedly gives promising results
.
However, currently there is no consensus for the
patients who did not respond to antibiotic therapy.
Because the disease is indolent by nature, and because
[59,60]
complications are possible
, a “watch-and-wait”
strategy may be efficient for these patients if they do
[2,36,52]
not have progressive disease
.

7
8

9

10

11
12

13

CONCLUSION
Recent studies on H. pylori-negative gastric MALT
lymphomas have suggested that H. pylori eradication
therapy is effective in some proportion of patients with
this disease and could be considered as a first-line
treatment.
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Abstract
AIM: To investigate a possible association between
losartan and sirtuin 1 (SIRT1) in reduced-size orthotopic
liver transplantation (ROLT) in rats.
METHODS: Livers of male Sprague-Dawley rats
(200-250 g) were preserved in University of Wisconsin
preservation solution for 1 h at 4 ℃ prior to ROLT. In an
additional group, an antagonist of angiotensin Ⅱ type
1 receptor (AT1R), losartan, was orally administered
(5 mg/kg) 24 h and 1 h before the surgical procedure
to both the donors and the recipients. Transaminase
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(as an indicator of liver injury), SIRT1 activity, and
+
nicotinamide adenine dinucleotide (NAD , a co-factor
necessary for SIRT1 activity) levels were determined
by biochemical methods. Protein expression of SIRT1,
acetylated FoxO1 (ac-FoxO1), NAMPT (the precursor of
NAD+), heat shock proteins (HSP70, HO-1) expression,
endoplasmic reticulum stress (GRP78, IRE1a, p-eIF2)
and apoptosis (caspase 12 and caspase 3) parameters
were determined by Western blot. Possible alterations
in protein expression of mitogen activated protein
kinases (MAPK), such as p-p38 and p-ERK, were also
evaluated. Furthermore, the SIRT3 protein expression
and mRNA levels were examined.
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INTRODUCTION
Ischemia-reperfusion injury (IRI) is an important
obstacle during liver transplantation, contributing to
a significant loss of graft function. It is characterized
by a cascade of deleterious cellular responses that
lead to inflammation, cell death, and ultimately, organ
[1]
failure . These complications are increased in case of
reduced-size liver grafts compared with standard liver
[2,3]
transplant operations . Thus, further investigation
is required to explore new therapeutic strategies to
counteract IRI.
Various reports have associated the renin-an
[4,5]
giotensin system (RAS) with liver IRI . The main
efector of RAS is angiotensin Ⅱ, which is produced
via angiotensin converting enzyme (ACE) from angio
tensin Ⅰ. It exerts its biological actions through two
receptor subtypes: angiotensin Ⅱ type Ⅰ receptor
[6]
(AT1R) and angiotensin Ⅱ type Ⅱ receptor .
Angiotensin Ⅱ has been associated with increased
inflammation and oxidative stress in liver IRI, and
various studies have evidenced that AT1R antagonists,
such as losartan, efficiently protected livers against IRI
[7-10]
in both warm ischemia and transplantation models
.
Sirtuins are deacetylases dependent on nicotina
+
mide adenine dinucleotide (NAD) that either activate
or suppress various proteins. Thus, they are implicated
in various cellular pathways, including metabolic
[11]
processes, apoptosis and oxidative stress . Sirtuin 1
(SIRT1) and the mitochondrial sirtuin 3 (SIRT3) are the
most studied sirtuins and represent interesting targets
[12,13]
for counteracting IRI in various organs
. SIRT1 has
been shown to be involved in a wide range of cellular
processes related to cell cycle and the cellular response
to stresses, including the endoplasmic reticulum stress
[14-17]
(ERS)
.
IRI is known to promote ERS which finally induces
[18]
cellular death . In addition, we have previously
shown that inhibiting ERS can be a useful strategy
[19]
against IRI . In a model of partial hepatectomy with
ischemia-reperfusion in steatotic and non-steatotic rat
livers, ERS inhibition ameliorated hepatic damage by
[19]
reducing inflammation and apoptosis . Therefore, we
may hypothesize that preventing ERS might be useful
for ameliorating the negative outcomes of reduced-size
orthotopic liver transplantation (ROLT).
There is little evidence about a potential relationship
between SIRT1 and angiotensin Ⅱ antagonists.
[20]
Miyazaki et al
have reported that SIRT1 overex

RESULTS: The present study demonstrated that
losartan administration led to diminished liver injury
when compared to ROLT group, as evidenced by the
significant decreases in alanine aminotransferase (358.3
± 133.44 vs 206 ± 33.61, P < 0.05) and aspartate
aminotransferase levels (893.57 ± 397.69 vs 500.85 ±
118.07, P < 0.05). The lessened hepatic injury in case
of losartan was associated with enhanced SIRT1 protein
expression and activity (5.27 ± 0.32 vs 6.08 ± 0.30,
P < 0.05). This was concomitant with increased levels
+
of NAD (0.87 ± 0.22 vs 1.195 ± 0.144, P < 0.05) the
co-factor necessary for SIRT1 activity, as well as with
decreases in ac-FoxO1 expression. Losartan treatment
also provoked significant attenuation of endoplasmic
reticulum stress parameters (GRP78, IRE1a, p-eIF2)
which was consistent with reduced levels of both
caspase 12 and caspase 3. Furthermore, losartan
administration stimulated HSP70 protein expression
and attenuated HO-1 expression. However, no changes
were observed in protein or mRNA expression of SIRT3.
Finally, the protein expression pattern of p-ERK and
p-p38 were not altered upon losartan administration.
CONCLUSION: The present study reports that losartan
induces SIRT1 expression and activity, and that it
reduces hepatic injury in a ROLT model.
Key words: Losartan; Sirtuin 1; Endoplasmic reticulum
stress; Liver ischemia reperfusion injury; Angiotensin Ⅱ
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Losartan is an angiotensin Ⅱ type 1 receptor
(AT1R) antagonist known to protect livers against
ischemia-reperfusion injury (IRI). However, the
mechanisms underlying this hepatoprotective effect
are not fully understood, especially in case of reducedsize orthotopic liver transplantation (ROLT). SIRT1 has
recently emerged as an important target to modulate
for alleviating IRI. In our study, we describe that AT1R
antagonism enhances SIRT1 activity and prevents
endoplasmic reticulum stress and liver apoptosis in a
rat model of ROLT. Consequently, losartan increases the
resistance of ROLT grafts against IRI.
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pression suppresses AT1R in cultured vascular smooth
muscle cells. In addition, a recent study in primary
cultures of adipocytes evidenced a mutual interaction
between RAS and SIRT1, with an association with
[21]
metabolic homeostasis . Conversely, there are no
reports concerning a relationship between SIRT1 and
angiotensin Ⅱ antagonists in liver transplantation. Given
that both are involved in common processes related
[22,23]
to IRI, ERS, and apoptosis
, we hypothesized that
SIRT1 may be implicated in the protective effects of an
AT1R antagonist against hepatic IRI following ROLT.
The present study therefore aimed to assess
whether an AT1R antagonist, losartan, could be
effective in protecting reduced-size liver grafts from IRI
and to examine the possible underlying mechanisms
involved. Furthermore, a potential relationship
between losartan and SIRT1 was explored.

to the receptor. Receptors were killed 24 h after
transplantation and blood and liver samples were
collected and stored at -20 ℃ and -80 ℃ respectively
for further investigation; and (3) Losartan + ROLT (n
= 12, 6 transplants): We used the same protocol as
for group 2, but an AT1R antagonist (losartan) was
orally administered (5 mg/kg) at 24 h and 1 h before
[9]
the donor and the recipient surgery .

Transaminase assay

Hepatic injury was assessed in terms of transaminase
levels with commercial kits from RAL (Barcelona,
Spain). Briefly, plasma extracts were collected before
liver extraction and centrifuged at 4 ℃ for 10 min
at 3000 rpm. Then, 200 μL of the supernatant were
added to the substrate provided by the commercial
kit. Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were determined at 365
nm with an ultraviolet spectrometer and calculated
[26]
according to the manufacturer’s instructions .

MATERIALS AND METHODS
Experimental animals

NAD+/NADH determination

Male Sprague-Dawley rats (200-250 g) were used
as donors and recipients. Animals were housed in
conventional temperature- and humidity-controlled
facilities with a 12-h light/dark cycle. All animals had
free access to water and a standard laboratory diet. All
procedures were performed under isoflurane inhalation
anesthesia. Animal experiments were approved by the
Ethics Committees for Animal Experimentation (CEEA,
Directive 400/12), University of Barcelona and all
procedures complied with European Union regulations
for animal experiments (EU guideline 86/609/EEC).
Rats were randomly distributed into groups as descri
bed below.

+

Liver NAD /NADH levels were quantiﬁed with a
commercially available kit (MAK037, Sigma Chemical,
St. Louis, MO, United States) according to the manu
facturer’s instructions.

Western blot analysis

Liver tissue was homogenized in a HEPES ((N-2hydroxyethylpiperazine-N′-2-ethanesulfonic acid) buffer
[27]
as previously described . Then, 50 μg of proteins
were separated on 8%-15% SDS-PAGE (sodium
dodecyl sulfate polyacrylamide gel electrophoresis) gels
and trans-blotted on PVDF (polyvinylidene difluoride)
membranes (Bio-rad Laboratories). Membranes were
then blocked for one hour with 5% (w/v) non-fat milk
in T-TBS (tween-tris-buffered saline) and incubated
overnight at 4 ℃ with the corresponding primary
antibody: SIRT1 (07-131), purchased from Merck
Millipore, Billerica, MA; ac-FoxO1 (D-19, sc-49437) and
GRP78 (GRP78, H-129, sc-13968), both purchased
from Santa Cruz Biotechnology Inc, CA, United
States); SIRT3 (2627), cleaved caspase-3 (Asp175,
9664), phosphorylated-eukaryotic translation initiation
factor 2 (p-eIF2a) (Ser51, 9721), inositol-requiring
enzyme 1α (IRE1α) (3294), caspase-12 (2202), p-p38
Thr180/Tyr182, 9211), p-p44/42 (Erk1/2, Thr202/
Tyr204, 9101) purchased from Cell Signaling, Danvers,
MA; HSP70 (610607, Transduction Laboratories,
Lexington, KY); Heme Oxygenase-1 (H4535), NAMPT
(AP22021SU, Acris Antibodies GmbH, Germany); and
b-actin (A5316, Sigma Chemical, St. Louis, MO, United
States). Membranes were then incubated for 1 h at
room temperature with the corresponding secondary
antibody linked to horseradish peroxidase. Bound
complexes were detected using WesternBright ECL-HRP
substrate (Advansta, Barcelona, Spain) and quantified
via the Quantity One software for image analysis.

Experimental design

The following three experimental groups were
created: (1) Sham (n = 6): Animals were subjected to
transverse laparotomy and silk ligatures were located
in the right suprarenal vein, diaphragmatic vein, and
hepatic artery. After 24 h, animals were sacrificed and
blood and liver samples were collected and stored at
-20 ℃ and -80 ℃ respectively, for further investigation;
(2) ROLT (n = 12, 6 transplants): ROLT was performed
according to the Kamada’s cuff technique, without
[24]
hepatic artery reconstruction . During the donor
surgery, the right suprarenal vein, diaphragmatic vein,
and hepatic artery were ligated and the bile duct was
cannulated. Then, the reduction of the liver was carried
out. Liver reduction was achieved by removing the
left lateral lobe and the two caudate lobes just before
harvesting the liver, resulting in a 40% reduction
of the liver mass. The pedicle of the left lateral lobe
was ligated with 5.0 silk ligature, and the lobe was
removed. The two caudate lobes were removed
[25]
separately with the ligation . Then, the donor livers
were flushed and preserved with cold (4 ℃) University
of Wisconsin (UW) solution for 1 h and then implanted
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Losartan-induced SIRT1 expression and activity

Table 1 Effect of losartan administration in liver injury after
orthotopic liver transplantation

ALT (U/L)
AST (U/L)

Sham

ROLT

Losartan + ROLT

48.8 ± 2.58
88.2 ± 4.65

358.3 ± 133.44a
893.57 ± 397.69a

206.00 ± 33.61a,b
500.85 ± 118.07a,b

To investigate the possible interaction of SIRT1 with
angiotensin Ⅱ, we investigated the activity and the
protein expression pattern of SIRT1. Animals subjected
to ROLT showed augmented SIRT1 protein expression
levels, which were further enhanced when losartan
was administered (Figure 1A). In addition, losartan
administration prior to the ROLT procedure significantly
increased SIRT1 activity compared with both the ROLT
and sham groups (Figure 1B). However, no significant
differences were observed between the sham and
ROLT groups.
+
In addition, we examined the levels of NAD ,
the co-factor necessary for SIRT1 activity and
nicotinamide phosphoribosyltransferase (NAMPT)
protein expression, which is the major precursor for
+
+
NAD biosynthesis. Figure 1C demonstrates that NAD
levels were high in the sham group, but decreased
in the ROLT and losartan + ROLT groups; however,
+
losartan pre-treatment contributed to elevated NAD
levels compared with ROLT alone. NAMPT protein was
significantly augmented in both the ROLT and losartan
+ ROLT group in comparison to sham (Figure 1D).
Further, the forkheadbox (FoxO) transcription
factors subfamily have been shown to mediate some
of the effects of sirtuins. Given that FoxO1 is a direct
substrate of SIRT1, we therefore determined its
acetylation (Figure 1E). Animals subjected to ROLT
showed elevated ac-FoxO1 protein levels compared
with the sham group. By contrast, the augmented
SIRT1 activity found when losartan was administered
was consistent with a decrease in the ac-FoxO1 protein
levels.

Alanine aminotransferase (ALT) levels and aspartate aminotransferase
(AST) in plasma after 24 h of reperfusion. aP < 0.05 vs Sham, bP < 0.05
vs ROLT. Sham: liver harvested without transplantation; ROLT: Liver
subjected to reduced-size orthotopic liver transplantation after 1 h of
cold storage in University of Wisconsin solution; losartan + ROLT: Same
as ROLT group, but with further administration of losartan 24 h and 1 h
before the surgical procedure to both the donor and the recipient.

Results were expressed as the densitometric ratio
between the protein of interest and the loading control
(b-actin).

Real-time quantitative reverse-transcription polymerase
chain reaction

Real-time quantitative reverse-transcription poly
merase chain reaction (qRT-PCR) was performed.
Total liver RNA was isolated using a TRIzol reagent
(Invitrogen). Reverse transcription was realized on
a 1 μg RNA sample using the iScript cDNA Synthesis
Kit (Bio-Rad Laboratories). The reaction included
incubation at 25 ℃ (5 min), at 42 ℃ (30 min) and
85 ℃ (5 min) and then cDNA was stored at -80 ℃.
Subsequent PCR amplification was conducted in an
iCycler iQ Multi-Color Real-Time PCR device (BioTM
Rad Laboratories) using SsoAdvanced Universal
SYBR Green Supermix (Bio-rad Laboratories)
and the following rat primers for SIRT3: forward,
5′-TAGTCCAGGGTGTGGAAAGG-3′ and reverse,
3′-CCGCAGGTGAAGAAGTAAGC-5′. Reactions were
performed in duplicate and threshold cycle values were
normalized to GAPDH gene expression. The ratio of
SIRT3 relative expression to GAPDH was calculated by
the ΔCt formula.

Losartan acted independently of SIRT3 expression

Because SIRT1 appeared to be modulated, we
explored the role of SIRT3. We observed that SIRT3
mRNA levels were significantly downregulated in both
ROLT and losartan + ROLT groups when compared
with the sham group (Figure 2A). The same pattern
was observed for SIRT3 protein levels, with significant
decreases in animals subjected to ROLT and losartan +
ROLT (Figure 2B).

Statistical analysis

Data are expressed as mean ± SE. Statistical com
parison was performed by variance analysis, followed
by the Student-Newman-Keuls test, using the Graph
Pad Prism software. P value < 0.05 was considered
statistically significant.

Angiotensin Ⅱ inhibition attenuated ERS

To identify other potential molecular mechanisms
involved in the hepatoprotective effect of losartan against
IRI, we examined different ERS parameters, including
GRP78, IRE1α, and p-eIF2. As indicated in Figure 3,
important increases of all ERS parameters occurred
following ROLT but not the sham operation. Losartan
pre-treatment also restored the ERS parameters.

RESULTS
Hepatic injury

We first examined whether treatment with losartan
affected hepatic injury in our experimental model.
As shown in Table 1, increased ALT and AST levels
were observed when rats were submitted to ROLT in
comparison with the sham group. However, treatment
with losartan significantly reduced the transaminase
levels in the ROLT group.
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Losartan affected heat shock protein expression

Because heat shock proteins are implicated in liver IRI,
we determined the protein expression pattern of heme
oxygenase 1 (HO-1) and of the heat shock protein 70
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A

B

SIRT1
b-actin
a,b

1.4

7
SIRT1 activity (arbitrary units)

SIRT1 (arbitrary units)

1.2
1.0
a

0.8
0.6
0.4
0.2
0.0

Sham

ROLT

C

5
4
3
2
1
0

Losartan + ROLT

D

a,b

6

Sham

ROLT

Losartan + ROLT

NAMPT
b-actin
1.2

1.5

a,b
a

1.0

0.5

NAMPT (relative change)

NAD+/NADH (relative change)

2.0

0.0
Sham

E

ROLT

a

0.8
0.6
0.4
0.2
0.0

Losartan + ROLT

a

1.0

Sham

ROLT

Losartan + ROLT

ac-FoxO1
b-actin
a

ac-FoxO1 (arbitrary units)

0.15

b

0.10

0.05

0.00

Sham

ROLT

Losartan + ROLT

Figure 1 Effect of losartan treatment in sirtuin 1 protein expression and SIRT1 activity parameters. A: Sirtuin 1 (SIRT1) protein expression; B: SIRT1 activity;
C: NAD+/NADH levels; D and E: NAMPT and ac-FoxO1 protein expression in livers after 24 h of reperfusion. aP < 0.05 vs Sham, bP < 0.05 vs ROLT. Sham: Liver
harvested without transplantation; ROLT: Liver subjected to reduced-size orthotopic liver transplantation after 1 h of cold storage in University of Wisconsin solution;
losartan + ROLT: same as ROLT group, but with further administration of losartan 24 h and 1 h before the surgical procedure to both the donor and the recipient.

Angiotensin Ⅱ inhibition reduced liver apoptosis

(HSP70). As it is shown in Figure 4, enhanced HO-1 and
HSP70 protein levels were found in animals subjected
to ROLT. However, Losartan treatment decreased HO-1
protein levels and increased HSP70 protein levels.
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Liver IRI is characterized by increased hepatic apoptosis,
so we determined the protein levels of caspase-12 and
caspase-3, which are known to promote apoptosis.
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a
a
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B
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GRP78 (arbitrary units)

Relative mRNA expression
(SIRT3/GADPH)

b-actin
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ROLT
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Losartan + ROLT
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SIRT3

Sham

ROLT

Losartan + ROLT

b-actin

B

0.25

IRE1a

0.9
a

0.15

a

0.10
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0.00
Sham

ROLT

Losartan + ROLT

0.7
0.6

a,b

0.5
0.4
0.3
0.2
0.1

Figure 2 Implication of losartan administration in mRNA (A) and protein
levels of sirtuin 3 (B). aP < 0.05 vs Sham. Sham: Liver harvested without
transplantation; ROLT: Liver subjected to reduced-size orthotopic liver
transplantation after 1 h of cold storage in University of Wisconsin solution;
losartan + ROLT: Same as ROLT group, but with further administration of
losartan 24 h and 1 h before the surgical procedure to both the donor and the
recipient.

0.0

C

Sham

ROLT

Losartan + ROLT

p-eIf2
b-actin
1.75

a

1.50
p-eIf2 (arbitrary units)

Figure 5 shows that increased levels of both proteins in
animals undergoing ROLT were diminished by losartan
pre-treatment.

MAPK regulation

The mitogen activated protein kinases (MAPKs)
are serine/threonine protein kinases that mediate
intracellular signal transduction events associated
with IRI. Therefore, we determined the activation
of extracellular signal-regulated kinase (ERK) and
p38. Figure 6A shows that animals undergoing ROLT
had increased levels of p-ERK, but that losartan pretreatment did not enhance ERK activation compared
with ROLT alone. Moreover, the content of p-p38 was
decreased in both the ROLT and losartan + ROLT
groups. Losartan pre-treatment did not alter p-p38
content when compared to ROLT alone (Figure 6B).

1.25
1.00
a,b

0.75
0.50
0.25
0.00

Sham

ROLT

Losartan + ROLT

Figure 3 Role of losartan pretreatment in endoplasmic reticulum stress
parameters. A: GRP78; B: IRE1a; C: p-eIF2 protein levels. aP < 0.05 vs
Sham, bP < 0.05 vs ROLT. Sham: Liver harvested without transplantation;
ROLT: Liver subjected to reduced-size orthotopic liver transplantation after 1 h
of cold storage in University of Wisconsin solution; losartan + ROLT: Same as
ROLT group, but with further administration of losartan 24 h and 1 h before the
surgical procedure to both the donor and the recipient.

insights into losartan-mediated hepatoprotection in
rats undergoing ROLT, including the induction of SIRT1
and the attenuation of ERS.
The protective effects of losartan against IRI were

DISCUSSION
This study demonstrated that inhibition of AT1R lessens
hepatic injury in ROLT. Specifically, we provide new
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4
3
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2
1

HSP70 (arbitrary units)
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a
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0.00
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Sham
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Losartan + ROLT

Sham
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Figure 4 Losartan administration regulates heat shock proteins expression. HO-1 (A) and HSP70 protein levels (B). aP < 0.05 vs Sham, bP < 0.05 vs ROLT.
Sham: Liver harvested without transplantation; ROLT: Liver subjected to reduced-size orthotopic liver transplantation after 1 h of cold storage in University of
Wisconsin solution; losartan + ROLT: Same as ROLT group, but with further administration of losartan 24 h and 1 h before the surgical procedure to both the donor
and the recipient.

B

Caspase 12
b-actin

b-actin

0.14
Caspase 12 (arbitrary units)

Cl.Caspase 3

7

a

0.12
0.10

a,b

0.08
0.06
0.04
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a
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Cleaved Caspase 3
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A

5
4
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3
2
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0

Losartan + ROLT

Sham
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Losartan + ROLT

Figure 5 Liver apoptosis in reduced-size orthotopic liver transplantation after losartan treatment. Protein levels of Caspase 12 (A) and Cleaved Caspase 3 (B).
a
P < 0.05 vs Sham, bP < 0.05 vs ROLT. Sham: Liver harvested without transplantation; ROLT: Liver subjected to reduced-size orthotopic liver transplantation after 1h
of cold storage in University of Wisconsin solution; losartan + ROLT: Same as ROLT group, but with further administration of losartan 24 h and 1 h before the surgical
procedure to both the donor and the recipient.
+

associated with increased SIRT1 activity and protein
expression. SIRT1 up-regulation and angiotensin Ⅱ
blockade have been separately reported as therapeutic
[5,12,28,29]
strategies against IRI in various organs
.
Enhancement of SIRT1 has also been associated with
decreased hepatic injury in rat orthotopic liver tran
[30]
splantation . In our experimental rat ROLT model,
SIRT1 protein expression was upregulated, but we
observed no differences in its activity. Furthermore,
FoxO1 deacetylation was inhibited in the ROLT group.
SIRT1 overexpression and failure to augment its activity
during IRI has also been reported in a recent work by
[27]
our group . In addition, losartan administration not
only enhanced SIRT1 expression but also significantly
increased both SIRT1 activity and FoxO1 deacetylation
in comparison with the ROLT group. Further, losartaninduced increases in SIRT1 activity can be attributed

WJG|www.wjgnet.com

to the enhanced NAD levels, which are indispensable
+
for sirtuin activity. In turn, the NAD levels may be
attributed to the NAMPT levels, which were slightly, but
not significantly, increased after losartan treatment.
Moreover, enhanced deacetylation of FoxO1 was related
+
with NAMPT and NAD increases in rat orthotopic liver
[30]
transplantation . The present data demonstrate
the existence of an angiotensin Ⅱ/SIRT1 axis in liver
transplantation, and that the benefits of angiotensin
Ⅱ inhibition against liver IRI are mediated, at least in
part, through SIRT1 activation. This is consistent with a
recent study in rat skeletal muscle, in which angiotensin
[31]
Ⅱ administration decreased SIRT1 expression .
Next, we speculated that SIRT3 might be affected
by ROLT and losartan treatment. Real-time qRT-PCR
and Western blot analysis revealed that SIRT3 mRNA
and protein levels were significantly decreased in
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p-ERK
b-actin

b-actin
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a
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p-p38
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a
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Losartan + ROLT

Sham
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Figure 6 Mitogen activated protein kinases modulation by losartan administration. Effect of losartan in p-ERK (A) and p-p38 protein expression (B). aP < 0.05
vs Sham. Sham: Liver harvested without transplantation; ROLT: Liver subjected to reduced-size orthotopic liver transplantation after 1 h of cold storage in University
of Wisconsin solution; losartan + ROLT: Same as ROLT group, but with further administration of losartan 24 h and 1 h before the surgical procedure to both the donor
and the recipient.

both the ROLT and losartan + ROLT groups compared
with the sham group. This may be attributed to the
mitochondrial disturbances that commonly take
[32]
place during IRI . SIRT3 is the major mitochondrial
deacetylase implicated in metabolism, oxidative stress
[13,33-35]
responses, and cardiac IRI
. The fact that SIRT3
mRNA and protein levels were comparable between
the ROLT and losartan + ROLT groups suggests that
the protective effect of losartan was independent of
the SIRT3 pathway.
The endoplasmic reticulum is an organelle re
sponsible for protein folding. Under stress conditions,
the homeostasis of the endoplasmic reticulum is
disturbed, leading to accumulation of unfolded
proteins. In this case, an adaptive unfolded protein
response (UPR) is activated to lessen the effects of
ERS; however, when the insult is exaggerated in
[36]
IRI, the ERS response can lead to cell death . The
UPR has three core branches: an IRE1α that induces
the cleavage of the mRNA encoding X-box-binding
protein 1 (XBP-1); a PKR-like endoplasmic reticulum
kinase (PERK) that phosphorylates the eIF2a; and an
activating transcription factor (ATF6). Under stress
conditions, IRE1α, PERK, and ATF6 are released
from their binding with the 78-kD glucose-regulated/
binding immunoglobulin protein (GRP78) and become
[37]
activated . In a liver transplantation model, we have
previously seen that activation of these UPR branches
is associated with cell death and is a determinant
[18]
factor of liver injury . In this study, we observed
that ROLT triggered the activation of GRP78 and
the subsequent activation of the IRE1α and p-eIF2
pathways. Moreover, losartan pre-treatment abolished
the activation of all ERS parameters. This is consistent
with a recent study in human islets, which revealed
that losartan exerted its protective effects against
[38]
glucotoxicity by reducing ERS .
Losartan treatment was also accompanied by
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significant regulation of HSP70 and HO-1. The
chaperone activity of HSP70 has been associated with
cellular attempts to maintain proteins in an accurately
[36]
folded state . In our study, losartan pre-treatment
induced HSP70 overexpression, which could have
contributed to a decreased accumulation of unfolded
proteins and therefore less ERS. Furthermore, because
a direct relationship has previously been reported
between SIRT1 and HSP70 in hepatic IRI, SIRT1 might
[27]
contribute to HSP70 enhancement . The increased
ERS levels observed in the ROLT group were consistent
with enhanced HO-1 protein expression that probably
occurred due to an adaptive cell mechanism to prevent
[39]
stress, as previously proposed by Liu et al . In this
sense, HO-1 expression was decreased when losartan
pre-treatment diminished ERS.
Apoptosis is one of the most significant events in
the pathophysiology of liver IRI. Aiming to mitigate
the effects of ERS-mediated apoptosis could be an
effective strategy for minimize IRI. It is known that
IRE1α provokes caspase 12 cleavage, which in turn
activates caspase 9 and then caspase 3 to stimulate
[40,41]
apoptosis
. In our study, the induction of ERS in the
ROLT group led to increased cell death, as reflected by
the enhanced caspase 12 and caspase 3 protein levels.
Further, the decrease in ERS in the losartan + ROLT
group coincided with decreases in the levels of these
caspases.
MAPKs are linked with cell cycle, liver regeneration,
apoptosis, and oxidative stress pathways. The ERK
cascade is closely connected with the regulation of cell
growth and differentiation, whereas p38 is involved
[42]
in cellular responses to environmental stress . It
has been reported that active p38 MAPK is present
in the quiescent liver, and that it is dephosphorylated
[43,44]
in the regenerating liver
. ERK phosphorylation
is also involved in the signaling pathways of liver
[45]
regeneration . Therefore, the lowered p-p38 and
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SIRT1 and decreasing ERS and liver apoptosis.

increased p-ERK levels observed in the ROLT and
losartan + ROLT groups could be associated with
enhanced liver regeneration. In a previous study, our
group reported that losartan pre-treatment did not
[46]
enhance liver regeneration after ROLT . Thus, losartan
pre-treatment did not provide an additional increase
in liver regeneration, resulting in no differences in
p-p38/ERK activation between the two ROLT groups.
Consequently, we can assume that SIRT1 activation
by losartan treatment is not associated with liver
regeneration in a ROLT model. Losartan administration
decreased significantly hepatic injury and affected
signaling processes related to IRI, such ERS and
apoptosis. However, it could not further enhance liver
regeneration, an essential processes for the success of
transplantation with reduced-size liver grafts. Further
studies will be required to elucidate the mechanisms by
which losartan improves hepatic injury after ROLT.
Furthermore, angiotensin Ⅱ is known to exert
[47-49]
vasoconstrictor effects
and angiotensin Ⅱ blockers,
such as losartan, have been reported to decrease
arterial pressure and act as effective antihypertensive
[50,51]
agents
. A potential hypotensive effect of losartan
was out of the scope of the present study, whereas
prolonged time treatments with losartan are usually
[52]
applied in order to evaluate blood pressure changes .
In conclusion, the present results indicate that
SIRT1 is implicated in the protective effects of AT1R
inhibition by losartan against IRI following ROLT.
Losartan pre-treatment markedly attenuates liver injury
by regulating signaling pathways that are involved
in the pathophysiology of IRI, including heat shock
protein, ERS, and liver apoptosis pathways. Moreover,
it is evidenced that SIRT1 is a downstream target of
angiotensin Ⅱ in a rat ROLT model. Further studies are
required to identify whether other angiotensin peptides
(i.e., 1-7) can also modulate SIRT1.

Research frontiers

Angiotensin Ⅱ has been associated with inflammatory responses and
oxidative stress in liver IRI. Inhibition of its action with AT1R antagonists,
such as losartan, results in decreased hepatic injury by attenuating proinflammatory responses, activating HIF-1a and peroxisome proliferatoractivated receptor gamma in various hepatic IRI models. The present study
report that the hepatoprotective effects of losartan against IRI associated with
ROLT are mediated through SIRT1 enhancement, HSP70 overexpression, and
attenuation of ERS and liver apoptosis.

Innovations and breakthroughs

The role of SIRT1 in a ROLT model has not yet been determined, nor has
the potential link between angiotensin Ⅱ and SIRT1 or ERS in liver IRI. The
present study evaluated the potential role of losartan administration on SIRT1
expression and activity and on ERS activation in a rat ROLT model. The present
study demonstrated that angiotensin Ⅱ inhibition led to SIRT1 up-regulation
and a subsequent decrease in ERS that contributed to reduced hepatic injury
following ROLT.

Applications

Pharmacological activation of SIRT1 by losartan might be a promising
therapeutic tool for ameliorating the detrimental effects of IRI following ROLT in
rat models.

Peer-review

The manuscript is well written and data presented are detailed as well as the
figures.
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AIM: To study host gene expression and number
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of immune cells in liver tissues from patients with
fulminant hepatitis E (FH-E).

manuscript reports our data on microarray-based gene
expression analysis and immunohistochemistry in liver
tissue from patients with HEV infection, as compared to
liver tissue from patients with hepatitis B virus infection
and normal liver tissue. These data advance the current
knowledge about the pathogenesis of HEV infection.

METHODS: Microarray-based expression profiling
was done using Illumina Human WG-6_v3_BeadChip
arrays on post-mortem liver tissue from 5 patients with
FH-E, and compared with similar tissue from 6 patients
with fulminant hepatitis B (FH-B; disease controls)
and normal liver tissue from 6 persons. Differential
expression was defined as ≥ 2.0-fold change with
Benjamini-Hochberg false discovery rate below 0.05
using t-test in liver tissue from FH-B and FH-E, than
healthy liver tissue. For some genes that showed
differential expression in FH-E, microarray data were
validated using quantitative reverse transcription PCR.
Differentially expressed gene lists were then subjected
to “Gene Ontology” analysis for biological processes,
and pathway analysis using BioCarta database on
the DAVID server. In addition, tissue sections were
+
+
+
stained for CD4 , CD8 and CD56 cells using indirect
immunohistochemistry; cells staining positive for each
of these markers were counted and compared between
groups.

Naik A, Goel A, Agrawal V, Sarangi AN, Chhavi N, Singh V,
Jameel S, Aggarwal R. Changes in gene expression in liver tissue
from patients with fulminant hepatitis E. World J Gastroenterol
2015; 21(26): 8032-8042 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i26/8032.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i26.8032

INTRODUCTION
Hepatitis E virus (HEV), a member of genus Hepevirus
in family Hepeviridae, consists of 32-34 nm diameter,
[1]
icosahedral, non-enveloped virions . It has a 7.2-kb
single-stranded, positive-sense RNA genome with
three open reading frames (ORFs) that code for a viral
non-structural polyprotein (ORF1), the major capsid
protein (ORF2) and a phosphoprotein with possible
[1]
regulatory functions (ORF3) . The virus has at least
[2]
four genotypes, named 1 to 4 ; however, these all
belong to a single serotype.
HEV infection is common in developing countries
of Asia and Africa, where it causes an acute disease,
known as hepatitis E, either as water-borne outbreaks
[3,4]
or as sporadic cases , caused by infection through
the fecal-oral route. The disease occurs predominantly
among young adults and resembles acute hepatitis
caused by other hepatotropic viruses. It is usually self[3]
limiting, with overall case fatality rate below 0.5% .
However, some patients, in particular pregnant
women, develop severe liver injury that progresses to
fulminant hepatic failure (FH), which is often fatal. In
these areas, the virus belongs most often to genotype
[3,4]
1 and sometimes to genotype 2 .
In areas with lower disease endemicity, such
as Europe, North America, Japan, etc., occasional
cases with locally-acquired HEV infection have been
[5]
reported . These are mainly elderly men, often with
other co-existing diseases, who are believed to acquire
infection with genotype 3 or 4 HEV through ingestion
[6]
of undercooked meat of HEV-infected animals .
In immunosuppressed persons, the infection may
[6]
become persistent .
To develop therapeutic measures against hepatitis
E, it is important to understand the pathogenesis
of liver injury in this disease. In infection with other
hepatotropic viruses, such as the hepatitis A, B and C
viruses, tissue injury is mediated not by the infectious
[7-11]
agent but is related to the host immune response
.
We have shown that HEV infection is associated with
activation of specific cellular immune responses in the

RESULTS: Compared to normal livers, those from
patients with FH-E and FH-B showed differential
expression of 3377 entities (up-regulated 1703,
downregulated 1674) and 2572 entities (up 1164, down
1408), respectively. This included 2142 (up 896, down
1246) entities that were common between the two
sets; most of these belonged to metabolic, hemostatic
and complement pathways, which are active in normal
livers. Gene expression data from livers of patients with
FH-E but not those of FH-B showed activation of several
immune response pathways, particularly those involving
cytotoxic T cells. The fold-change values of mRNA
for selected genes in livers from FH-E than in normal
liver tissue determined using quantitative reverse
transcription PCR showed excellent concordance with
+
microarray analysis. At immunohistochemistry, CD8
T cells showed an increase in liver biopsies from both
FH-E [median 53.4 per arbitrary unit area (range
31.2-99.9)] and FH-B [median 49.3 (19.3-51.0); P =
0.005] compared to control liver tissue [median 6.9
(3.1-14.9)].
CONCLUSION: FH-E patients show CD8 + T cell
infiltration and increased gene expression of cytotoxic
T cell pathways in liver, suggesting a possible patho
genetic role for these cells.
Key words: Cytotoxic T cells; Gene expression; Hepatitis
E; Hepatitis E virus; Immune response; Liver biopsy;
Microarray; Natural killer cells; Pathogenesis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data on pathogenesis of hepatitis E virus (HEV)
infection, which is a common cause of acute hepatitis
in several developing countries, are quite limited. This
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[12-16]

peripheral blood
. However, little data are available
on the liver tissue from hepatitis E. Therefore, the
mechanism of liver injury in this disease remains
unclear.
We therefore studied gene expression profile in liver
biopsies from patients with FH due to acute hepatitis E
(FH-E), in comparison with those from healthy adults
and patients with FH due to acute hepatitis B (FH-B; a
disease control group).

(gene probes or probesets) derived from NCBI, RefSeq
and UniGene databases. Poly(A)-RNA was reverse
transcribed to complementary DNA (cDNA), using
an oligo(dT)-primer that contained a phage T7 RNA
polymerase promoter sequence at its 5′-end, followed
by conversion to double-stranded cDNA. The doublestranded cDNA was transcribed in vitro to yield large
quantities of biotin-labelled anti-sense RNA, which was
then hybridised to the bead arrays at 55 ℃ for 16-18 h,
and scanned using an Illumina iScan reader.

MATERIALS AND METHODS

Bioinformatic analysis

Patients and specimens

The array intensity data were initially analysed using
Illumina Genome Studio Gene Expression Module
(v1.1.1) (Illumina, Cambridge, United Kingdom)
for visualisation and normalisation. After quantile
normalisation and background correction using
medians within the BeadStudio software, the data
were exported for further analysis in GeneSpring GX
software 11.5 (Agilent).
Differential expression between various subject
groups was analyzed using Illumina Custom Algorithm.
The normalized data were first subjected to quality
check using principal component analysis. This was
followed by analysis to determine genes showing
differential expression (fold-change ≥ 2.0 and
Benjamini-Hochberg false discovery rate < 0.05 using
t-test) in liver tissue from patients with FH-B and FH-E,
as compared to healthy liver tissue. Such gene lists
were then subjected to “Gene Ontology” (GO) analysis
for biological processes, and pathway analysis using
BioCarta database on the DAVID server (http://david.
abcc.ncifcrf.gov). Separate analyses were done for
genes that were differentially expressed in both FH-E
and FH-B, and those differentially expressed in only
one of these.

Post-mortem needle liver biopsies were obtained from
patients dying of FH-E (n = 5) or of FH-B (n = 6). The
biopsies were obtained within 30 min after death, and
separate pieces were collected in RNALater (Qiagen)
and stored at -80 ℃ for gene expression analysis, and
in formalin for histology and immunohistochemistry.
In addition, a blood specimen was collected from each
subject, for biochemical tests and serological markers
of viral hepatitis.
Patients dying more than 2 wk after the onset
of disease, and those with major sepsis or clinical
evidence of pre-existing liver disease were excluded.
Diagnosis of acute hepatitis E was based on detection
of IgM anti-HEV (Genelabs, Singapore) in the absence
of hepatitis B surface antigen (HBsAg), IgM anti-HBc
antibody, anti-hepatitis C virus (HCV) antibody and
IgM anti-hepatitis A virus (HAV) antibody (all from
BioMerieux, Marcy l'Etoile, France), and that of acute
hepatitis B on detection of HBsAg and IgM anti-HBc, in
the absence of IgM anti-HEV, anti-HCV and IgM antiHAV.
In addition, normal liver tissue was obtained from
six persons undergoing partial hepatic resection
for focal diseases, such as hydatid liver disease,
gallbladder cancer without biliary obstruction.
The study was reviewed and approved by Sanjay
Gandhi Postgraduate Institute of Medical Sciences
institutional review board. Written, informed consent
was obtained from all patients or their families, as
appropriate.

Validation of microarray results

For some genes that showed differential expression
in FH-E, microarray data were validated using
quantitative reverse transcription PCR (qRT-PCR). In
brief, cDNA was prepared using High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster
City, CA) from 2 µg of RNA. This was followed by
real-time PCR in 20-µL reactions comprising of 50 ng
cDNA, primers (Appendix 1) and SYBR Green (Applied
Biosystems).
The validation assay included liver tissue for all the
subjects used for microarray analysis (a biopsy piece
other than that used for microarray analysis) and four
additional healthy liver tissues. All assays included RNA
from peripheral blood mononuclear cells of a healthy
person as a calibrator. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) and 18S rRNA was used
as housekeeping genes. Relative fold-change was
determined for each specimen and gene from cycle
threshold (Ct) values as follows, and compared to foldchange in expression in microarray data:

RNA isolation

Total RNA was isolated from tissue biopsies using
RNeasy Protect minikit (Qiagen, Carlsbad, CA). RNA
concentration was measured using NanoDrop 1000
spectrophotometer (Nanodrop, Wilmington, DE).
RNA integrity was assessed using Bioanalyzer 2100
(Agilent, Santa Clara, CA). Specimens with A260/A280
and A260/A230 ratios > 1.9, and RIN > 8.0 were
processed further.

Microarray analysis

Gene expression profiling was done using Illumina
Human WG-6_v3_BeadChip arrays (Illumina, San
Diego, CA), each containing more than 46000 entities
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Y-Axis

Table 1 Characteristics of study subjects in the three groups
Characteristic

Healthy
controls
(n = 6)

Fulminant
hepatitis B
(n = 6)

Fulminant
hepatitis E
(n = 5)

Age (yr)
Gender
(Male:Female)
Duration of illness
before death (d)
Maximum total serum
bilirubin (mg/dL)
Serum ALTa (IU/L)
Serum AST (IU/L)
Alkaline phosphatase
(IU/L)
Serum albumin (g/dL)

52 (30-58)
4:2

24 (16-60)
4:2

28 (18-32)
1:4

-

9 (6-14)

10 (7-13)

0.7 (0.4-1.4)
30 (21-58)
28 (18-35)
-

21 (13.1-41.4)

Healthy
FH-B

25 (5.4-32.0)
FH-E

1939 (524-5795) 770 (240-1302)
859 (250-2345) 458 (332-1000)
257 (131-427)
306 (164-561)

-

2.8 (2.0-3.3)

Z-Axis

2.8 (2.1-3.2)

X-Axis

Figure 1 Principal component analysis of gene expression data from
various specimens included in the study. The components along X, Y and
Z axes were 62.54%, 21.17%, and 8.88%, respectively. Patients with fulminant
hepatitis E (FH-E) are represented using circles, those with fulminant hepatitis
B (FH-B) using triangles and healthy controls using square symbols. The size of
markers varies according to their placement on the Z axis. Patients with FH-E
and FH-B clustered separately, except for one patient with FH-B who was an
outlier (arrow).

Data are shown as median (range), except for gender distribution; patients
with fulminant hepatitis B and fulminant hepatitis E were comparable in
all variables except serum ALT levels (aP < 0.05, Mann-Whitney U test).
ALT: Alanine aminotransferase.

∆∆Ct= [(∆Ctgene of interest - ∆CtGAPDH)patient - [(∆Ctgene of interest
-∆∆Ct
- ∆CtGAPDH)calibrator sample] and Fold change = 2
.

Immunohistochemistry on liver biopsies

using Pearson’s correlation coefficient. The statistical
methods of this study were reviewed by Dr. Rakesh
Aggarwal from Sanjay Gandhi Postgraduate Institute
of Medical Sciences, Lucknow, India.

Formalin-fixed, paraffin-embedded liver sections were
stained with hematoxylin and eosin, and examined to
confirm the presence of acute inflammation in patients
with FH, and absence of disease in controls.
In addition, immunohistochemistry (IHC) was
+
+
performed for specific T-cell subsets (CD4 and CD8 )
+
and NK cells (CD56 ). In brief, formalin-fixed, paraffinembedded 3-µm liver sections on silanized glass slides
(Dako) were fixed at 60 ℃ overnight. The slides were
deparaffinised in xylene and rehydrated in graded
alcohol. Antigen retrieval was done in 10 mmol/L
EDTA (pH 9.0) at 98 ℃ for 30 min. After washing
with distilled water and Tris-buffered saline (TBS; pH
7.4), endogenous peroxidase was blocked using 3%
hydrogen peroxide in methanol for 30 min in dark.
Sections were then incubated with monoclonal primary
antibodies [prediluted mouse anti-human CD8 (clone
C8/144B), CD4 (clone 4B12) or CD56 (clone 123C3)
(Dako, Denmark)] for 1 h at room temperature,
followed by peroxidase enzyme-labelled secondary
antibody (Dako) for 30 min. Diaminobenzidine was
used as chromogen to detect the bound antibodies.
Slides were counterstained with Mayer’s hematoxylin for
1 min, cleared and mounted with DPX (Sigma-Aldrich).
Stained cells were counted in five fields, averaged and
2
expressed as number in an area measuring 73000 µm .

RESULTS
Demographic features and biochemical findings in the
three subject groups are shown in Table 1. Alanine
aminotransferase levels were higher in FH-B than in
FH-E.

Principal component analysis

On principal component analysis of gene expression
data (Figure 1), all specimens except one (with FH-B)
showed clustering with other specimens in the same
group.

Microarray gene expression

A total of 3377 entities, each representing a discrete
gene, showed differential expression of ≥ 2-fold
with P-value of < 0.05 in liver tissue from patients
with FH-E than that from healthy persons (Figure 2);
this included 1703 entities with over-expression and
1674 showing reduced expression in FH-E. In liver
tissue from FH-B, 2572 entities showed differential
expression than in healthy livers (up-regulation 1164,
down-regulation 1408).
Of the entities differentially expressed in FH-E or
FH-B compared to normal liver, 2142 were common
(up-regulation in both 896, down-regulation in both
1246) (Figure 2, Appendix 2); none of these entities
showed discordance in the direction of differential
expression between FH-E and FH-B. In contrast, 1235

Statistical analysis

Inter-group comparisons were done using t-test
with Benjamini-Hochberg correction in case of gene
expression data and Mann-Whitney U test for other
quantitative data. Relationship of fold-change in the
microarray and real-time PCR data was assessed
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these pathways.

430

2142

1235

268 ↑

896 ↑

807 ↑

162 ↓

1246 ↓

428 ↓

FH-B vs Healthy
Fold change ≥ 2.0
Unpaired t -test: P < 0.05

Genes differentially expressed in FH-E but
not in FH-B: BioCarta pathways whose genes
were significantly over-represented among genes
differentially expressed in liver tissue from FH-E
compared to normal liver but not in FH-B were mostly
related to cellular immune mechanisms (Table 4),
e.g., T cytotoxic cell surface molecules, CTL mediated
immune response against target cells, T helper cell
surface molecules, co-stimulatory signal during T-cell
activation, T cell receptor signalling pathway, Lck and
Fyn tyrosine kinases in initiation of TCR activation,
IL-7 signal transduction, T cell receptor and CD3
complex, IL 17 signalling pathway. Several individual
genes involved in these pathways were upregulated in
patients with FH-E (Appendix 6).

FH-E vs Healthy
Fold change ≥ 2.0
Unpaired t -test: P < 0.05

Figure 2 Venn-diagram showing comparison of number of entities
differentially expressed in liver tissue from fulminant hepatitis B or E,
as compared to healthy liver tissue. The intersection of two circles shows
entities that were differentially expressed in both fulminant hepatitis E and
fulminant hepatitis B.

Genes differentially expressed in FH-B but not in
FH-E: Pathway analysis of these 430 entities did not
reveal significant change in any pathway.

entities (Appendix 3) were differentially expressed in
FH-E but not in FH-B, and 430 entities (Appendix 4)
were differentially expressed in FH-B but not in FH-E.

Validation using qRT-PCR

The fold-change values of mRNA for selected genes
(Appendix 1) in livers from FH-E than in normal liver
tissue determined using qRT-PCR showed excellent
concordance with those at microarray (Figure 3), using
either of the two housekeeping genes.

Gene ontology analysis

Genes differentially expressed in FH-E and FH-B
livers: Table 2 lists the biological processes that
showed differential regulation on GO analysis of the
2142 entities differentially expressed in both FH-E and
FH-B. These included several metabolic processes in
which the liver plays an active part, such as general
body metabolism, or those whose proteins are mainly
synthesized in the liver, such as coagulation pathways
and complement system. Further, both the disease
conditions showed differential regulation of innate
immune responses and humoral immune responses
mediated by B cells.

Immunohistochemistry

Genes differentially expressed in FH-E but not in
FH-B: On GO analysis, the 1235 entities that showed
differential expression in FH-E but not in FH-B were
related mainly to the immune system pathways (Table
3); for each of these immune pathways, several genes
showed upregulation.

DISCUSSION
Host tissue injury during a viral infection may be caused
either by virus-induced cell death, or by immunemediated killing of infected cells. Understanding the
underlying mechanism may not only help understand
the pathogenesis of a particular viral disease but
also provide a lead to development of strategies for
countering the host injury. In infection with hepatitis A,
B or C virus, liver injury is mediated primarily by the
[7-11]
host immune response
. However, the mechanisms
of liver injury in HEV infection remain unclear.
Initial attempts at delineation of mechanism of
liver injury caused by HEV were based on observations
during experimental HEV infection in non-human
primates. In these studies, liver injury appeared after
viremia and fecal viral excretion had started declining

Genes differentially expressed in FH-B but not
in FH-E: GO analysis of these entities did not reveal
significant changes in any specific pathway.

Pathway analysis

Genes differentially expressed in both FH-E
and FH-B: Pathway analysis for the 2142 entities
differentially expressed in both FH-E and FH-B using
the BioCarta database showed downregulation of
several pathways related to metabolic processes,
hemostasis, and complement system (Table 4).
Appendix 5 shows individual genes involved in each of

WJG|www.wjgnet.com

+

IHC showed a few CD4 positive T-cells and occasional
NK cells in all the biopsies. In FH-B as well as FH-E,
+
CD8 T-cells were found in both the liver parenchyma
and the portal areas (Figure 4). The median number of
+
CD8 T cells was greater in liver tissues from both FH-E
[median 53.4 (range 31.2-99.9)]; P = 0.005, 2-sided
Mann-Whitney U test) and FH-B [49.3 (19.3-51.0);
P = 0.005] than in controls 6.9 (3.1-14.9); however,
there was no significant difference between FH-E and
FH-B.
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GO:0042558

Table 2 Gene Ontology analysis (biological processes) for
gene entities differentially expressed in liver tissue from
fulminant hepatitis E as compared to normal liver tissue, as
well as in fulminant hepatitis B as compared to normal liver
tissue
Gene ontology
accession
GO:0055114
GO:0006082
GO:0043436
GO:0019752
GO:0006629
GO:0044281
GO:0032787
GO:0016054
GO:0046395
GO:0044255
GO:0044282
GO:0044712
GO:0006631
GO:0006520
GO:0044711
GO:1901605
GO:0044283
GO:1901564
GO:0009063
GO:0008610
GO:0072376
GO:0008202
GO:0016053
GO:0046394
GO:1901566
GO:0008152
GO:1901606
GO:0072329
GO:0007596
GO:0050817
GO:0007599
GO:1901615
GO:0042060
GO:0006956
GO:0009062
GO:0006066
GO:0008652
GO:0050878
GO:0051186
GO:0006694
GO:0044242
GO:0005996
GO:0051346
GO:0005975
GO:0010876
GO:0044710
GO:0006732
GO:0010951
GO:0019318
GO:0006869
GO:0065008
GO:0010466
GO:0006006

GO:0043648
GO:0006958
GO:0006091

Gene Ontology term

P value

GO:0044262

Oxidation-reduction process
Organic acid metabolic process
Oxoacid metabolic process
Carboxylic acid metabolic process
Lipid metabolic process
Small molecule metabolic process
Monocarboxylic acid metabolic
process
Organic acid catabolic process
Carboxylic acid catabolic process
Cellular lipid metabolic process
Small molecule catabolic process
Single-organism catabolic process
Fatty acid metabolic process
Cellular amino acid metabolic process
Single-organism biosynthetic process
Alpha-amino acid metabolic process
Small molecule biosynthetic process
Organonitrogen compound metabolic
process
Cellular amino acid catabolic process
Lipid biosynthetic process
Protein activation cascade
Steroid metabolic process
Organic acid biosynthetic process
Carboxylic acid biosynthetic process
Organonitrogen compound
biosynthetic process
Metabolic process
Alpha-amino acid catabolic process
Monocarboxylic acid catabolic process
Blood coagulation
Coagulation
Hemostasis
Organic hydroxy compound metabolic
process
Wound healing
Complement activation
Fatty acid catabolic process
Alcohol metabolic process
Cellular amino acid biosynthetic
process
Regulation of body fluid levels
Cofactor metabolic process
Steroid biosynthetic process
Cellular lipid catabolic process
Monosaccharide metabolic process
Negative regulation of hydrolase
activity
Carbohydrate metabolic process
Lipid localization
Single-organism metabolic process
Coenzyme metabolic process
Negative regulation of endopeptidase
activity
Hexose metabolic process
Lipid transport
Regulation of biological quality
Negative regulation of peptidase
activity
Glucose metabolic process

2.68E-40
4.75E-39
2.17E-38
4.09E-38
3.94E-28
9.06E-27
3.56E-22

GO:0006575
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GO:0016051
GO:0072330
GO:00024551
GO:0044723

4.22E-19
4.22E-19
1.35E-17
5.16E-17
5.16E-17
2.71E-16
4.43E-16
8.25E-14
1.07E-13
1.60E-13
2.46E-11

GO:0019320
GO:0016052
GO:0044724
GO:0006820
GO:0006007
GO:0046365
GO:0046835
GO:1901617
GO:00022531
GO:0016125
GO:0006096
GO:0019395
GO:0034440
GO:0046165
GO:00069591
GO:0009611
GO:0006957

4.46E-11
8.46E-11
3.87E-10
4.10E-10
6.26E-10
6.26E-10
1.94E-08
4.34E-08
4.58E-08
1.40E-07
1.98E-07
1.98E-07
2.83E-07
4.14E-07

GO:0006760
GO:00450871
GO:0052548
GO:0046364
GO:0006790
GO:0051179
GO:0052547
GO:0046942
GO:0015849
GO:0016042
GO:0015711
GO:0051234
GO:0006810
GO:0044092

4.86E-07
6.77E-07
1.71E-06
1.82E-06
2.42E-06
5.46E-06
5.50E-06
8.32E-06
1.09E-05
0.000012
1.28E-05

GO:0019319
GO:0072378
GO:0006558
GO:0006559
GO:0000038

1.35E-05
5.30E-05
5.82E-05
6.57E-05
7.22E-05

GO:0051289
GO:00022521
GO:0008203
GO:0009074

7.95E-05
8.02E-05
8.96E-05
0.0001

GO:0048806
GO:00160641
GO:0050819

0.0001

8037

Pteridine-containing compound
metabolic process
Dicarboxylic acid metabolic process
Complement activation, classical
pathway
Generation of precursor metabolites
and energy
Cellular carbohydrate metabolic
process
Cellular modified amino acid
metabolic process
Carbohydrate biosynthetic process
Monocarboxylic acid biosynthetic
process
Humoral immune response mediated
by circulating immunoglobulin
Single-organism carbohydrate
metabolic process
Hexose catabolic process
Carbohydrate catabolic process
Single-organism carbohydrate
catabolic process
Anion transport
Glucose catabolic process
Monosaccharide catabolic process
Carbohydrate phosphorylation
Organic hydroxy compound
biosynthetic process
Activation of immune response
Sterol metabolic process
Glycolysis
Fatty acid oxidation
Lipid oxidation
Alcohol biosynthetic process
Humoral immune response
Response to wounding
Complement activation, alternative
pathway
Folic acid-containing compound
metabolic process
Innate immune response
Regulation of endopeptidase activity
Monosaccharide biosynthetic process
Sulfur compound metabolic process
Localization
Regulation of peptidase activity
Carboxylic acid transport
Organic acid transport
Lipid catabolic process
Organic anion transport
Establishment of localization
Transport
Negative regulation of molecular
function
Hexose biosynthetic process
Blood coagulation, fibrin clot
formation
L-phenylalanine metabolic process
L-phenylalanine catabolic process
Very long-chain fatty acid metabolic
process
Protein homotetramerization
Immune effector process
Cholesterol metabolic process
Aromatic amino acid family catabolic
process
Genitalia development
Immunoglobulin mediated immune
response
Negative regulation of coagulation

0.0002
0.0002
0.0004
0.0004
0.0004
0.0005
0.0005
0.0006
0.0010
0.0010
0.0011
0.0014
0.0014
0.0016
0.0017
0.0018
0.0020
0.0020
0.0021
0.0022
0.0023
0.0037
0.0037
0.0038
0.0042
0.0044
0.0044
0.0044
0.0053
0.0077
0.0077
0.0078
0.0079
0.0083
0.0083
0.0095
0.0113
0.0113
0.0113
0.0119
0.0126
0.0131
0.0132
0.0146
0.0146
0.0146
0.0146
0.0153
0.0153
0.0212
0.0212
0.0214
0.0214
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GO:0043086
GO:0034754
GO:00197241
GO:0051262
GO:00507781
GO:00507761
GO:0006633
GO:0003333
GO:0016126
GO:0006811
GO:0006094
GO:0001676

Negative regulation of catalytic
activity
Cellular hormone metabolic process
B cell mediated immunity
Protein tetramerization
Positive regulation of immune
response
Regulation of immune response
Fatty acid biosynthetic process
Amino acid transmembrane transport
Sterol biosynthetic process
Ion transport
Gluconeogenesis
Long-chain fatty acid metabolic
process

0.0224

Table 3 Results of Gene Ontology analysis (biological
processes) for gene entities differentially expressed in liver
tissue from fulminant hepatitis E as compared to normal liver,
but not in that from fulminant hepatitis B as compared to
normal liver

0.0243
0.0263
0.0279
0.0292
0.0341
0.0372
0.0389
0.0416
0.0420
0.0474
0.0474

1

Immune system process
Immune response1
Regulation of immune system process1
Positive regulation of immune system process1
Defense response
Response to wounding
Signaling
Adaptive immune response based on somatic
recombination of immune receptors built from
immunoglobulin superfamily domains1
Adaptive immune response1
Response to stimulus
Regulation of cell activation
Inflammatory response1
Cell adhesion
Biological adhesion
Positive regulation of immune response1
Cell activation
Signal transduction
Regulation of leukocyte activation1
Activation of immune response1
Oxidation reduction
B cell mediated immunity1
Leukocyte mediated immunity1
Positive regulation of response to stimulus
Regulation of locomotion
Regulation of immune response1
Phospholipid efflux
Lymphocyte mediated immunity1
Regulation of cell migration1
Regulation of cell motility1
Response to stress
Regulation of lymphocyte activation1
Regulation of cellular component movement
Signal transmission
Immunoglobulin mediated immune response1
Signaling process
Small molecule metabolic process
Cholesterol efflux
Immune effector process1
Negative regulation of apoptosis
Positive regulation of cell activation
Positive regulation of leukocyte activation1
Regulation of response to stimulus
Negative regulation of cell death
Negative regulation of programmed cell death
Regulation of lipid metabolic process
Signaling pathway
Acute inflammatory response1
Phospholipid transport
Regulation of fatty acid metabolic process
Alcohol metabolic process
Cholesterol transport
Sterol transport

1

These pathways are related to immune responses.

and coincided with the appearance of anti-HEV
[17-19]
antibodies
. These findings suggested that host
immune response was responsible for the hepatocyte
killing. This was followed by attempts to determine
whether HEV was capable of producing a cytopathic
effect in in vitro models. However, these efforts were
largely unsuccessful due to failure of this virus to grow
[20]
well in cell culture. Recent successful culture , though
in low titers, of some genotypes 3 and 4 HEV isolates
[21,22]
has revealed absence of cytotoxicity
, providing
some support to the hypothesis that liver injury in HEV
infection is unlikely to be virus-mediated.
Human data on cellular immune responses during
HEV infection are limited to studies on peripheral blood
mononuclear cells (PBMCs). In these studies, we and
+
others have shown proliferation of HEV-specific CD4
+
and CD8 cells, and increased production of various
cytokines by PBMCs during acute and convalescent
[14,16]
phases of hepatitis E
. In a study that looked
at patients with different disease severities, HEVspecific T-cell responses in PBMCs were weaker in
patients with FH-E than in those with uncomplicated
[12]
acute hepatitis E . However, observations made on
circulating immune cells may not faithfully represent
those in the immune cells infiltrating the liver, because
of preferential localization of certain cells, including
[23,24]
virus-specific T cell subsets, in the inflamed tissue
.
Thus, there is a need to study changes in the liver
tissue from patients with hepatitis E.
In the current study, we found changes in
expression of genes involved in a variety of immune
responses, including the innate, humoral and cellular
immune pathways in liver tissue from patients with
FH-E. Of these, changes in innate and humoral
immune responses were also observed in FH-B,
indicating that HEV infection may share some of the
pathways causing liver cell injury with HBV infection.
In contrast, activation of cellular immune pathways
was found only in FH-E, and not in FH-B, indicating a
specific role for cellular immune response in inducing
liver injury during HEV infection.
In particular, we found several T-cell surface
molecules such as CD2, CD3 (γ, δ and ε chains) and CD8-
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P value

Gene Ontology term

1.67E-11
4.81E-09
5.06E-08
2.72E-06
1.04E-05
1.90E-05
7.78E-05
2.40E-04

2.40E-04
3.53E-04
4.65E-04
6.89E-04
0.0010
0.0010
0.0015
0.0018
0.0019
0.0020
0.0021
0.0021
0.0023
0.0026
0.0027
0.0028
0.0030
0.0032
0.0032
0.0048
0.0048
0.0050
0.0056
0.0064
0.0067
0.0067
0.0067
0.0083
0.0124
0.0154
0.0161
0.0176
0.0176
0.0177
0.0179
0.0179
0.0180
0.0206
0.0241
0.0257
0.0273
0.0282
0.0310
0.0472

1

These pathways are related to immune responses.

alpha to be up-regulated in liver tissue from patients
with FH-E. Furthermore, several T-cell signalling
molecules, such as Fyn, phospholipase C gamma-1,
NFκB1, protein kinase C and ras-related C3 botulinum
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A

Table 4 Pathways whose genes were found to be overrepresented among entities differentially expressed in both
fulminant hepatitis E and fulminant hepatitis B, and in
fulminant hepatitis E but not in fulminant hepatitis B (derived
using BioCarta through DAVID resource)

4.00

2

R = 0.937

0.00

-4.00
BioCarta pathway
In both FH-B vs normal, and FH-E vs normal
Complement pathway
Intrinsic prothrombin activation pathway
Nuclear receptors in lipid metabolism and
toxicity
Alternative complement pathway
Extrinsic prothrombin activation pathway
Lectin induced complement pathway
Classical complement pathway
Acute myocardial infarction
Vitamin C in the brain
CBL mediated ligand-induced
downregulation of epidermal growth factor
receptors
Catabolic pathways for methionine,
isoleucine, threonine and valine
In FH-E vs normal but not in FH-B vs normal
T cytotoxic cell surface molecules
T helper cell surface molecules
Cytotoxic T lymphocyte mediated immune
response against target cells
Co-stimulatory signal during T-cell activation
Role of epidermal growth factor receptor
transactivation by G protein-coupled
receptors in cardiac hypertrophy
T cell receptor signaling pathway
Lck and Fyn tyrosine kinases in initiation of
T cell receptor activation
Interleukin-7 signal transduction
Mitochondrial carnitinepalmitoyltransferase
system
T cell receptor and CD3 complex
Interleukin-17 signaling pathway

Gene count

P value

10
10
13

0.0002
0.0002
0.0022

6
6
6
6
6
4
5

0.0069
0.0113
0.0172
0.0172
0.0248
0.0385
0.0543

3

0.0955

7
6
7

0.0005
0.0043
0.0022

7
6

0.0085
0.0092

10
5

0.0049
0.0187

5
3

0.0446
0.0529

3
5

0.0529
0.0562

-8.00

-12.00
-6.00

B

-2.00

4.00

0.00

2.00

4.00

2.00

4.00

2

R = 0.907

0.00

-4.00

-8.00

-12.00
-6.00

-4.00

-2.00

0.00

Figure 3 Relationship of fold-change in RNA expression of selected
genes in patients with fulminant hepatitis E and fulminant hepatitis B on
real-time polymerase chain reaction with fold-change in RNA expression
of the same genes on microarray analysis. A and B show the data when
reverse transcription polymerase chain reaction results were normalized using
the GAPDH gene and 18S rRNA gene as housekeeping gene, respectively.

addition, the genes for signal transducer and activator
of transcription 5 (STAT5), a key molecule involved in
[25]
the survival of effector and memory CD8 cells , and
for BCL2, a key survival molecule that is upregulated
by STAT5, were overexpressed in FH-E.
The differential expression in livers from patients
with FH-E of several genes which were unaffected in
FH-B could have been because of changes in any of
the several cell types present in the liver, including
hepatocytes, Kupffer cells, cholangiocytes, endothelial
cells, stellate cells and a variety of immune cells.
However, the demonstration of predominant infiltration
+
with CD8 T cells in the FH-E livers in the current study
[26,27]
as well as in two previous reports
, and the fact
that the genes that showed differential expression are
not expressed much in other cell types, indicate the
+
CD8 T cells were the most likely source. It may be
pertinent to note that since the immune cells constitute
only a minority of all the cells in the liver, the absolute
gene expression changes within the intrahepatic
immune cells must be more marked than is indicated
by the overall gene expression data. It may thus be
interesting in future to undertake studies on such
immune cells after recovering these using techniques
such as laser dissection microscopy.
It may be pertinent to compare our results with
those from a recent study of gene expression in serial

toxin substrate (rac) were also overexpressed in
these livers. These findings may indicate a role for
+
activated CD8 T cells in the causation of liver injury
in HEV infection. An over-expression of CTLA4, which
is expressed only on activated T cells, also supports
this hypothesis. An alternative explanation for the
overexpression of CD2 in liver tissue could be the
presence of this marker on the NK cells. Importantly,
the increased expression of CD2 in the liver tissue was
also associated with over-expression of perforin, the
+
main cytolytic protein contained in the CD8 T cells and
NK cells. The above findings, taken together, indicate
+
that immune-mediated cytotoxicity of CD8 or NK cells
against virus-infected cells may play a role in producing
liver damage in HEV infection.
Some other findings in our study may also point to
+
alterations in CD8 cells. In viral infections, the number
of effector CD8 T cells contracts over time with the
formation of a population of protective memory cells,
which is maintained by IL-7 and IL-15. Our finding
of activation of IL-7-mediated signalling in patients
with hepatitis E possibly reflects this phenomenon. In
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A

B

C

D

E

F

Figure 4 Immunohistochemistry for CD8+ cells in liver biopsies shows occasional cytotoxic T-cells in portal tracts of controls (A), and moderate infiltration
in HBV (C) and HEV (E); immunostaining for CD4 shows absence of helper T-cells in portal areas of control (B), an occasional cell in HBV (D) and some
small aggregates of helper T-cells in HEV (F). A and B: Diaminobenzidine × 400; C-F: Diaminobenzidine × 200. HBV: Hepatitis B virus; HEV: Hepatitis E virus.

liver tissues from chimpanzees with experimental HEV
[28]
infection . In this study, differential expression was
limited to a few genes that belonged predominantly
to the innate immune response pathways, and was
weaker than that observed in chimpanzees with HCV
infection. Further, the number of upregulated genes
peaked sooner after the onset of viremia in HEV
infection than with HCV infection. We did find altered
expression of some genes involved in innate immune
responses; however, these genes were different from
those showing significant changes during HEV infection
in the chimpanzee study. In this context, it is important
to note that comparison of our data with those from
the experimentally-infected chimpanzees may not be
valid. Our patients had severe liver disease, whereas
[19,29]
experimental HEV infection in primates is milder
.
Further, time-kinetics of different types of immune
responses vary, with innate immune responses being

WJG|www.wjgnet.com

prominent during the initial phase after viral infection;
thus, in human HEV infection, such responses may
occur before an infected person becomes symptomatic
and hence not picked up. Also, the experimental
animals had been inoculated by the intravenous route,
whereas humans acquire infection through the oral
route.
Though we studied patients with FH-B primarily
as disease controls, it may be interesting to compare
liver in this condition with healthy livers. Livers from
+
patients with FH-B showed infiltration with CD8 cells,
but no differential expression of genes belonging to
cellular immune response pathways. Previous gene
expression data in this disease are available from only
[30,31]
two Italian patients
. These patients too showed
+
prominent CD8 T cell infiltration with little change in
expression of genes associated with T cell activity and
a prominent upregulation of B cell response, similar to
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our observations.
Interestingly, though liver tissues from both FH-E
+
and FH-B in our study showed prominent CD8 T cell
infiltration, only FH-E was associated with a cytotoxic T
cell transcriptional signature e.g., increased expression
+
of perforin. This suggests that the infiltrating CD8 T
cells in the two diseases behave quite differently. This
may hold the key to pathogenesis of liver injury in HEV
infection.
We also found reduced expression of several
genes associated with metabolic, hemostatic and
complement pathways in liver tissue from FH-E as well
as FH-B. Liver is a metabolically active organ which
produces several body proteins. Since FH, irrespective
of its cause, is characterized by marked destruction
of hepatocytes, reduction in the expression of these
proteins was thus expected in both FH-E and FH-B, as
a consequence of the massive liver injury.
Our data are limited by a small sample size, the
use of post-mortem tissue, and of patients with severe
liver injury at only one time-point. These limitations
are related to the fact that liver biopsy, being invasive,
is ethically unacceptable in patients with acute liver
disease, forcing us to use tissue collected immediately
post-mortem. Though our findings may not be entirely
applicable to acute uncomplicated hepatitis E, these
should be seen in light of the current absence of any
human data on immune events in the liver in acute
hepatitis E. Further, we compared our data to those
from a control group of post-mortem biopsies from
FH-B, which would have been susceptible to similar
artefacts as those in FH-E.
In conclusion, liver tissue from our patients
+
with FH-E showed infiltration with CD8 T cells and
overexpression of genes involved in T cell immune
responses, especially those related to T cell activation,
cytotoxicity and IL-7 signalling. The latter changes
were not observed in FH-B, and hence were specific to
hepatitis E. These data suggest that the severe liver
damage in FH-E is mediated by the host T-cell immune
response. Further work on this aspect should help us
better understand the pathogenesis of liver injury in
hepatitis E.

COMMENTS
COMMENTS

ACKNOWLEDGMENTS

7

Background

Infection with hepatitis E virus is the most common cause of acute hepatitis in
the world. The mechanism of liver injury in this disease and its pathogenesis
are yet fully understood. A better understanding of these may allow attempts at
therapeutic intervention in patients with this disease.

Research frontiers

Microarray techniques allow study of expression of several genes in tissues
from patients with a particular disease and its comparison with those from
healthy controls and persons with similar diseases. These techniques have
been applied for the study of pathogenesis of several diseases.

Innovations and breakthroughs

The authors used microarray techniques to determine the expression of various
genes in the liver tissues from patients dying of hepatitis E and compared this
to that in healthy liver tissue (control tissue) and liver tissues from patients
dying of a disease with similar morphologic changes but caused by infection
with another virus (hepatitis B; disease controls). The data showed several
differences in gene expression between these groups. In particular, livers
of patients with fulminant hepatitis E, but not those of hepatitis B, showed
activation of several immune response pathways, particularly those involving
cytotoxic T cells. This difference was observed even though tissues from both
hepatitis B and E showed infiltration with cytotoxic T cells.

Applications

All data suggest that immune cells may play a role in the pathogenesis of
hepatitis E, though further work is required in this regard.

Peer-review

Minor improvements, such as addition of statistical methods to the manuscript.

REFERENCES
1
2
3

4

5
6

Microarray data analysis was done at Bio-medical
Informatics Centre, Sanjay Gandhi Postgraduate
Institute of Medical Sciences, Lucknow, India; this
center is supported by the Indian Council of Medical
Research (ICMR) and Department of Biotechnology,
Government of India during this work. ANS was
supported by ICMR during this work. The authors
thank Dr. Vivek Chandra for analysis comparing the
liver biopsy data with in vitro data from HEV ORF3expressing cells.

WJG|www.wjgnet.com

8

9

8041

Aggarwal R, Jameel S. Hepatitis E. Hepatology 2011; 54:
2218-2226 [PMID: 21932388 DOI: 10.1002/hep.24674]
Aggarwal R, Naik S. Epidemiology of hepatitis E: current status.
J Gastroenterol Hepatol 2009; 24: 1484-1493 [PMID: 19686410
DOI: 10.1111/j.1440-1746.2009.05933.x]
Aggarwal R, Shukla R, Jameel S, Agrawal S, Puri P, Gupta VK,
Patil AP, Naik S. T-cell epitope mapping of ORF2 and ORF3
proteins of human hepatitis E virus. J Viral Hepat 2007; 14:
283-292 [PMID: 17381721 DOI: 10.1111/j.1365-2893.2006.00796.
x]
Agrawal V, Goel A, Rawat A, Naik S, Aggarwal R. Histological
and immunohistochemical features in fatal acute fulminant
hepatitis E. Indian J Pathol Microbiol 2012; 55: 22-27 [PMID:
22499295 DOI: 10.4103/0377-4929.94849]
Ahmad I, Holla RP, Jameel S. Molecular virology of hepatitis
E virus. Virus Res 2011; 161: 47-58 [PMID: 21345356 DOI:
10.1016/j.virusres.2011.02.011]
Exley MA, Koziel MJ. To be or not to be NKT: natural killer
T cells in the liver. Hepatology 2004; 40: 1033-1040 [PMID:
15486982 DOI: 10.1002/hep.20433]
Farci P, Diaz G, Chen Z, Govindarajan S, Tice A, Agulto L,
Pittaluga S, Boon D, Yu C, Engle RE, Haas M, Simon R, Purcell
RH, Zamboni F. B cell gene signature with massive intrahepatic
production of antibodies to hepatitis B core antigen in hepatitis
B virus-associated acute liver failure. Proc Natl Acad Sci
USA 2010; 107: 8766-8771 [PMID: 20421498 DOI: 10.1073/
pnas.1003854107]
Guidotti LG, Chisari FV. Noncytolytic control of viral infections
by the innate and adaptive immune response. Annu Rev Immunol
2001; 19: 65-91 [PMID: 11244031 DOI: 10.1146/annurev.
immunol.19.1.65]
Guidotti LG, Rochford R, Chung J, Shapiro M, Purcell R,
Chisari FV. Viral clearance without destruction of infected cells
during acute HBV infection. Science 1999; 284: 825-829 [PMID:

July 14, 2015|Volume 21|Issue 26|

Naik A et al . Liver changes in fulminant hepatitis E

10

11

12
13

14
15

16
17

18

19

20
21

10221919 DOI: 10.1126/science.284.5415.825]
Hand TW, Cui W, Jung YW, Sefik E, Joshi NS, Chandele A, Liu Y,
Kaech SM. Differential effects of STAT5 and PI3K/AKT signaling
on effector and memory CD8 T-cell survival. Proc Natl Acad Sci
USA 2010; 107: 16601-16606 [PMID: 20823247 DOI: 10.1073/
pnas.1003457107]
Husain MM, Aggarwal R, Kumar D, Jameel S, Naik S. Effector
T cells immune reactivity among patients with acute hepatitis E. J
Viral Hepat 2011; 18: e603-e608 [PMID: 21914082 DOI: 10.1111/
j.1365-2893.2011.01489.x]
Kamar N, Bendall R, Legrand-Abravanel F, Xia NS, Ijaz S, Izopet
J, Dalton HR. Hepatitis E. Lancet 2012; 379: 2477-2488 [PMID:
22549046 DOI: 10.1016/S0140-6736(11)61849-7]
Kamar N, Selves J, Mansuy JM, Ouezzani L, Péron JM, Guitard J,
Cointault O, Esposito L, Abravanel F, Danjoux M, Durand D, Vinel
JP, Izopet J, Rostaing L. Hepatitis E virus and chronic hepatitis
in organ-transplant recipients. N Engl J Med 2008; 358: 811-817
[PMID: 18287603 DOI: 10.1056/NEJMoa0706992]
Klenerman P, Thimme R. T cell responses in hepatitis C: the
good, the bad and the unconventional. Gut 2012; 61: 1226-1234
[PMID: 21873736 DOI: 10.1136/gutjnl-2011-300620]
Krawczynski K, Bradley DW. Enterically transmitted non-A,
non-B hepatitis: identification of virus-associated antigen in
experimentally infected cynomolgus macaques. J Infect Dis 1989;
159: 1042-1049 [PMID: 2470832 DOI: 10.1093/infdis/159.6.1042]
Krawczynski K, Meng XJ, Rybczynska J. Pathogenetic elements
of hepatitis E and animal models of HEV infection. Virus Res 2011;
161: 78-83 [PMID: 21414365 DOI: 10.1016/j.virusres.2011.03.007]
Lu L, Li C, Hagedorn CH. Phylogenetic analysis of global
hepatitis E virus sequences: genetic diversity, subtypes and
zoonosis. Rev Med Virol 2006; 16: 5-36 [PMID: 16175650 DOI:
10.1002/rmv.482]
McCaustland KA, Krawczynski K, Ebert JW, Balayan MS,
Andjaparidze AG, Spelbring JE, Cook EH, Humphrey C, Yarbough
PO, Favorov MO, Carson D, Bradley DW, Robertson BH.
Hepatitis E virus infection in chimpanzees: a retrospective analysis.
Arch Virol 2000; 145: 1909-1918 [PMID: 11043950]
Nissim O, Melis M, Diaz G, Kleiner DE, Tice A, Fantola G,
Zamboni F, Mishra L, Farci P. Liver regeneration signature in
hepatitis B virus (HBV)-associated acute liver failure identified
by gene expression profiling. PLoS One 2012; 7: e49611 [PMID:
23185381 DOI: 10.1371/journal.pone.0049611]
Okamoto H. Hepatitis E virus cell culture models. Virus Res 2011;
161: 65-77 [PMID: 21316402 DOI: 10.1016/j.virusres.2011.01.015]
Pal R, Aggarwal R, Naik SR, Das V, Das S, Naik S. Immuno
logical alterations in pregnant women with acute hepatitis E. J

22

23
24

25

26

27

28

29

30

31

Gastroenterol Hepatol 2005; 20: 1094-1101 [PMID: 15955220
DOI: 10.1111/j.1440-1746.2005.03875.x]
Prabhu SB, Gupta P, Durgapal H, Rath S, Gupta SD, Acharya SK,
Panda SK. Study of cellular immune response against Hepatitis E
virus (HEV). J Viral Hepat 2011; 18: 587-594 [PMID: 20579277
DOI: 10.1111/j.1365-2893.2010.01338.x]
Racanelli V, Rehermann B. The liver as an immunological organ.
Hepatology 2006; 43: S54-S62 [PMID: 16447271 DOI: 10.1002/
hep.21060]
Rehermann B. Hepatitis C virus versus innate and adaptive
immune responses: a tale of coevolution and coexistence. J Clin
Invest 2009; 119: 1745-1754 [PMID: 19587449 DOI: 10.1172/
JCI39133]
Srivastava R, Aggarwal R, Jameel S, Puri P, Gupta VK, Ramesh
VS, Bhatia S, Naik S. Cellular immune responses in acute hepatitis
E virus infection to the viral open reading frame 2 protein. Viral
Immunol 2007; 20: 56-65 [PMID: 17425421 DOI: 10.1089/
vim.2006.0053]
Srivastava R, Aggarwal R, Sachdeva S, Alam MI, Jameel S, Naik
S. Adaptive immune responses during acute uncomplicated and
fulminant hepatitis E. J Gastroenterol Hepatol 2011; 26: 306-311
[PMID: 21143520]
Takahashi M, Hoshino Y, Tanaka T, Takahashi H, Nishizawa T,
Okamoto H. Production of monoclonal antibodies against hepatitis
E virus capsid protein and evaluation of their neutralizing activity
in a cell culture system. Arch Virol 2008; 153: 657-666 [PMID:
18266052]
Ticehurst J, Rhodes LL, Krawczynski K, Asher LV, Engler WF,
Mensing TL, Caudill JD, Sjogren MH, Hoke CH, LeDuc JW.
Infection of owl monkeys (Aotus trivirgatus) and cynomolgus
monkeys (Macaca fascicularis) with hepatitis E virus from Mexico.
J Infect Dis 1992; 165: 835-845 [PMID: 1569334]
Yu C, Boon D, McDonald SL, Myers TG, Tomioka K, Nguyen H,
Engle RE, Govindarajan S, Emerson SU, Purcell RH. Pathogenesis
of hepatitis E virus and hepatitis C virus in chimpanzees:
similarities and differences. J Virol 2010; 84: 11264-11278 [PMID:
20739520 DOI: 10.1128/JVI.01205-10]
Zhang HY, Chen DS, Wu YQ, He QG, Chen HC, Liu ZF. Both
swine and human cells are capable to support the replication
of swine hepatitis E virus type 4 in vitro. Virus Res 2011; 158:
289-293 [PMID: 21470567 DOI: 10.1016/j.virusres.2011.03.028]
Zhou Y, Callendret B, Xu D, Brasky KM, Feng Z, Hensley LL,
Guedj J, Perelson AS, Lemon SM, Lanford RE, Walker CM.
Dominance of the CD4(+) T helper cell response during acute
resolving hepatitis A virus infection. J Exp Med 2012; 209:
1481-1492 [PMID: 22753925 DOI: 10.1084/jem.20111906]
P- Reviewer: Ambrosioni J, Li WG, Ma L S- Editor: Qi Y
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

8042

July 14, 2015|Volume 21|Issue 26|

World J Gastroenterol 2015 July 14; 21(26): 8043-8051
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i26.8043

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Contrast-enhanced micro-computed tomography using
ExiTron nano6000 for assessment of liver injury
Xiang-Wei Hua, Tian-Fei Lu, Da-Wei Li, Wei-Gang Wang, Jun Li, Zhen-Ze Liu, Wei-Wei Lin, Jian-Jun Zhang,
Qiang Xia
licenses/by-nc/4.0/

Xiang-Wei Hua, Tian-Fei Lu, Da-Wei Li, Jian-Jun Zhang,
Qiang Xia, Department of Liver Surgery and Liver Transplantation
Center, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong
University, Shanghai 200127, China

Correspondence to: Qiang Xia, Professor, Department of
Liver Surgery and Liver Transplantation Center, Ren Ji Hospital,
School of Medicine, Shanghai Jiao Tong University, 1630
Dongfang Road, Pudong New District, Shanghai 200127,
China. xiaqiang@shsmu.edu.cn
Telephone: +86-21-68383775
Fax: +86-21-58737232

Wei-Gang Wang, Jun Li, Zhen-Ze Liu, Department of Phenotype
Analysis, Shanghai Research Center For Model Organisms,
Shanghai 200123, China
Wei-Wei Lin, Department of Clinical Laboratory, Ren Ji
Hospital, School of Medicine, Shanghai Jiao Tong University,
Shanghai 200127, China

Received: November 21, 2014
Peer-review started: November 23, 2014
First decision: January 22, 2015
Revised: February 13, 2015
Accepted: March 30, 2015
Article in press: March 31, 2015
Published online: July 14, 2015

Author contributions: All authors contributed to the manuscript.
Supported by National Natural Science Fund, No. 81270558.
Institutional review board statement: The study was reviewed
and approved by Ren Ji Hospital, School of Medicine, Shanghai
Jiao Tong University Institutional Review Board.

Abstract

Institutional animal care and use committee: All procedures
involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of the Shanghai
Jiao Tong University School of Medicine (approval number:
SYKX-2008-0050).

AIM: To explore the potential of contrast-enhanced
computed tomography (CECT) using ExiTron nano6000
for assessment of liver lesions in mouse models.
METHODS: Three mouse models of liver lesions
were used: bile duct ligation (BDL), lipopolysaccharide
(LPS)/D-galactosamine (D-GalN), and alcohol. After
injection with the contrast agent ExiTron nano6000,
the mice were scanned with micro-CT. Liver lesions
were evaluated using CECT images, hematoxylin and
eosin staining, and serum aminotransferase levels.
Macrophage distribution in the injury models was
shown by immunohistochemical staining of CD68. The
in vitro studies measured the densities of RAW264.7
under different conditions by CECT.
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RESULTS: In the in vitro studies, CECT provided
specific and strong contrast enhancement of liver in
mice. CECT could present heterogeneous images and
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[8-11]

densities of injured livers induced by BDL, LPS/D-GalN,
and alcohol. The liver histology and immunochemistry
of CD68 demonstrated that both dilated biliary tracts
and necrosis in the injured livers could lead to the
heterogeneous distribution of macrophages. The in
vitro study showed that the RAW264.7 cell masses had
higher densities after LPS activation.

imaging of soft tissues and vessels
. Many studies
have explored the micro-CT system in the evaluation
of liver lesions. Micro-CT was primarily used to detect
[12-14]
tumor lesions
, but recent studies have applied
micro-CT to distinguish other types of liver lesions.
The degree of liver fibrosis in small animals has been
[15]
successfully estimated by micro-CT . Choukèr et
[16]
al
reported that Contrast-enhanced computed
tomography (CECT) with the contrast agent Fenestra
VC was available to monitor and localize liver ischemic
reperfusion (IR) injury in a murine model. ExiTron
nano6000 is a novel liver- and spleen-specific contrast
agent that can be administered at a low dosage (100
μL per mouse) and has been shown to be an effective
and long-term contrast for detecting liver metastatic
[17,18]
tumors
. ExiTron nano6000 is primarily taken up by
cells in the reticuloendothelial system (RES), including
macrophages, which are distributed extensively in the
liver as Kupffer cells. Liver lesions could influence the
distribution and function of macrophages within the
liver. Most studies involving micro-CT have focused on
either the imaging of injuries or the characteristics of
contrast agents, such as the time course. However,
the detailed imaging mechanism has not been
discussed. Here, micro-CT with the contrast agent
ExiTron nano6000 was applied to assess three types
of liver lesions (other than tumor burden): bile duct
ligation (BDL), LPS/D-galactosamine (D-GalN), and
alcohol. We discuss the related mechanisms of these
treatments through the distribution, number, and
functional changes of macrophages, which are the
major cells that take up ExiTron nano6000.

CONCLUSION: Micro-CT with the contrast agent
ExiTron nano6000 is feasible for detecting various liver
lesions by emphasizing the heterogeneous textures
and densities of CECT images.
Key words: Micro-computed tomography; ExiTron
Nano6000; Liver injury
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Noninvasive methods have been extensively
studied for examining injuries in small animals in preclinical
research. Contrast-enhanced computed tomography
(CECT) with ExiTron nano6000 could detect various liver
lesions by emphasizing the heterogeneous textures and
densities of CECT images. The phenomenon is probably
due to the changes in macrophage distribution, number,
and function.
Hua XW, Lu TF, Li DW, Wang WG, Li J, Liu ZZ, Lin WW,
Zhang JJ, Xia Q. Contrast-enhanced micro-computed tomography
using ExiTron nano6000 for assessment of liver injury. World J
Gastroenterol 2015; 21(26): 8043-8051 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i26/8043.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i26.8043

MATERIALS AND METHODS
Animal care and use

The animal protocol was designed to minimize pain
or discomfort to the animals. The animals were
acclimatized to laboratory conditions (23 ℃, 12 h/12
h light/dark, 50% humidity, ad libitum access to
food and water) for 2 wk prior to experimentation.
Intragastric gavage administration was carried out
with conscious animals, using straight gavage needles
appropriate for the animal size (15-17 g body weight:
22 gauge, 1 inch length, 1.25 mm ball diameter). All
animals were euthanized by pentobarbital (50 mg/kg)
for tissue collection.

INTRODUCTION
Small animal models have significantly contributed to
the study of liver lesions. Mouse models of liver lesions
are frequently limited by difficulties in monitoring
disease progression in a longitudinal and noninvasive
manner. The assessment of liver lesions during
autopsy is time consuming and unfavorable for the
principles of animal welfare. Noninvasive methods,
including micro-computed tomography (micro-CT),
magnetic resonance imaging, positron emission
tomography, and ultrasound, have been extensively
studied for examining injuries in small animals and
are widely used for the diagnosis of organ or tissue
[1-4]
damage in clinics . Micro-CT is the best noninvasive
method used in preclinical research of animal models
[5]
because of its excellent spatial resolution . Initially,
micro-CT was implemented in the evaluation of
bones, implants and other high-contrast structures
[6,7]
because of its poor soft tissue contrast . With the
development of contrast agent and X-ray detector
sensitivity, micro-CT has been facilitated to enable the

WJG|www.wjgnet.com

Animal models

Male C57BL/6 mice (8-10 wk old, weight range 20-25
g) were obtained from the Department of Laboratory
Animal Science of Shanghai Jiao Tong University
School of Medicine. Induction of cholestatic liver
lesions was performed in age-matched male mice
(n = 5 per group) by ligating the common bile duct
(BDL). The mice were anesthetized via intraperitoneal
injection of pentobarbital (50 mg/kg). After making
the abdominal midline incision, the common bile duct
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was ligated with 8-0 nylon sutures and transected
between the ligatures. The control animals underwent
sham operations, whereby the common bile duct was
exposed without ligation. Several drops of bupivacaine
were applied on the suture line after the muscle layer
was closed before closing of the skin wound. These
efforts were designed to minimize the suffering of
the mice. For fulminant liver lesions, the mice were
administered an intraperitoneal injection of D-GalN
(700 mg/kg) and Escherichia coli lipopolysaccharide
(LPS, 10 μg/kg), and the control group received an
identical volume of phosphate-buffered saline (PBS)
(n = 5 per group). For alcohol-induced liver lesions,
the mice received one dose of alcohol (5 g/kg body
weight, diluted 25:75 vol:vol in water) by gavage (n =
5) once daily for four consecutive days. The mice were
permitted water and standard pelleted feed during
alcohol administration.

were placed in 3% H2O2 for 5 min and then washed
with PBS. The slides were blocked with 10% normal
goat serum for 10 min at 37 ℃ and incubated overnight
at 4 ℃ with primary antibody. After rinsing with PBS,
the sections were incubated with a horseradishperoxidase-conjugated secondary antibody (Changdao,
Shanghai, China) for 30 min at room temperature and
then stained with 3,3’-diaminobenzidine (DAB; MaixinBio, Guangzhou, China). Hematoxylin was applied for
the nuclear staining. Five fields in each liver sample
were randomly selected for observation.

Cell culture and micro-CT images of the RAW264.7 cell
mass

The murine macrophage cell line RAW264.7, a murine
[20]
macrophage cell line , was kindly provided by
Dr. X. Ma (Key Laboratory of Gastroenterology and
Hepatology, Ministry of Health, Shanghai Jiao-Tong
University, Shanghai, China). The cells were cultured
in DMEM supplemented with 10% FBS, 10 mmol/L
L-glutamine, 100 U/mL of penicillin, and 0.1 mg/mL
of streptomycin (all purchased from Invitrogen Life
Technologies, Carlsbad, CA, United States), at 5%
CO2 and 37 ℃. The cells were plated in 60-mm dishes
6
at a density of 0.3 × 10 /mL 1 d before stimulation.
The cells were stimulated with 1 μg/mL LPS (Sigma,
China) for 12 h followed by co-incubation with ExiTron
nano6000 (1:500, vol:vol in DMEM) for 4 h. For the
micro-CT images, the cells were washed three times
with PBS buffer. Then, the cells were trypsinized
and centrifuged at 600 rpm for 5 min to wash out
any unendocytosed contrast agent. The cells was
resuspended with 1 mL PBS buffer, transferred to
1.5 mL Eppendorf tubes, and centrifuged at 300 g
for 5 min. The tubes were held on a foam board and
scanned by a micro-CT imaging system with the
following parameters: tube voltage, 80 kV; current
intensity, 0.45 mA.

Contrast agent and micro-CT images of mice model

ExiTron nano6000 (130-095-146; Miltenyi Biotec)
is an alkaline earth metal-based nanoparticulate
contrast agent specifically formulated for preclinical
CT. It shows strong X-ray absorption due to the high
metal load of the particles. Approximately 100 μL
of this contrast agent was injected into the tail vein
of the mice 4 h before the micro-CT procedure, as
previously described, because the density in the
liver would reach the highest contrast levels at 4 h
after ExiTron nano6000 injection; this effect can last
for many days. Upon intravenous injection, ExiTron
nano6000 circulates in the bloodstream and is taken
up by Kupffer cells (liver macrophages). After ExiTron
nano6000 injection, serial micro-CT images of the mice
were obtained to observe the macrophage-rich liver.
The parameters of the micro-CT scans were as follows:
tube voltage: 80 kV; tube current: 0.45 mA; number
of views: 400; exposure time: 400 ms; detector bin
mode: 2 × 2; and effective pixel size: 0.045 mm. The
total scan time was about 20 min for the liver. Analysis
of the reconstructed images was performed using
Launch GEHC Micro View.

Statistical analysis

The probabilities were two-sided and expressed as the
mean ± SD. The data were analyzed with Student’s t
test. We conducted the statistical analysis with SPSS
version 19.0 software. We considered values of P <
0.05 as statistically significant.

Liver enzyme chemistry and histological analysis

Blood was collected from the retro-orbital sinus to
determine the serum alanine aminotransferase (ALT)
activity using the Infinity ALT Liquid Stable Reagent
(Thermo Fisher Scientific) on a spectrophotometer. The
liver tissues were removed from a portion of the left
lobe and fixed immediately in 10% neutral-buffered
formalin, subsequently dehydrated, and embedded in
paraffin. The formalin-fixed and paraffin-embedded
tissues were cut serially into 5-μm sections and stained
with hematoxylin and eosin (HE). Distribution of the
macrophages was detected by immunohistochemistry
[19]
against CD68 (Gene Tech, Shanghai, China) . After
deparaffinization and rehydration, the sections were
soaked in 10 mmol/L citrate buffer (pH 6.0) for antigen
retrieval. To block endogenous peroxidase, the sections
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RESULTS
Evaluation of liver lesions with CECT

ExiTron nano6000 as a non-toxic and targeted
agent to the liver: The mice showed no observable
adverse events or abnormal behavior after injection
[17]
with ExiTron nano6000 . As shown in Figure 1,
ExiTron nano6000 provided specific and strong contrast
enhancement of the micro-CT images of the liver and
spleen.
CECT images in cholestasis: CECT was first performed
on the BDL-treated mice, which are extensively used as
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A

B

Figure 1 Contrast enhanced computed tomography images of a normal liver. A: 3D image of a liver (arrow); B: Perspective view of a liver (arrow).
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Figure 2 Contrast-enhanced computed tomography images of liver lesions induced by bile duct ligation (A), lipopolysaccharide/D-GalN (B) and alcohol (C);
density measured in the livers are reported as HU. The black arrows indicate black regions with low densities. Values are represented as the means of triplicate
values and presented as the mean ± SD.

a cholestasis model. On day 3 after BDL treatment,
the texture of the liver became heterogeneous and
black regions appeared. The liver density significantly
increased compared to that of the sham controls (422.7
± 7.8 HU vs 374.7 ± 11.4 HU, respectively; P < 0.001).
On the day 14 after BDL treatment, the texture
became more heterogeneous, whereas the black
regions became more extensive and larger in the CECT
images. Similarly, the liver density was significantly
greater compared to that of the sham controls (423.7
± 8.3 HU vs 367.7 ± 7.8 HU, respectively, P < 0.001)
(Figure 2A).
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CECT applied in LPS/D-GalN and alcohol-induced
liver lesions: We performed CECT imaging of LPS/
D-GalN-induced liver lesions. The CECT images in
Figure 2B show that the texture of the liver became
increasingly more heterogeneous, and the black
regions became more numerous with the advancement
of LPS/D-GalN-induced liver lesions. The liver density
showed an up-down trend in that it increased in the
early period and decreased in the advanced stages of
liver lesions (423.7 ± 8.5 HU for 3 h injury vs 365.0
± 7.6 HU for PBS control, respectively, P < 0.001;
360.7 ± 6.7 HU for 6 h injury vs 360.0 ± 7.2 HU
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for PBS control, respectively, P = 0.91). For acute
alcohol-induced liver lesions, Figure 2C shows that the
predominant changes were the increased density of
the injured liver compared to that of the sham controls
(420.7 ± 11 HU for 2 d injury vs 363.3 ± 8.3 HU for
water control, respectively, P < 0.001; 426.7 ± 8.0
HU for 4 d injury vs 377.0 ± 9.0 HU for water control,
respectively, P < 0.001).

We performed CECT of RAW264.7 cells in different
states (i.e., quiet or LPS-activated) to confirm the
endocytotic ability of macrophages to take up ExiTron
nano6000. The results showed that the density of the
RAW264.7 cell masses increased significantly after
co-incubation with ExiTron nano6000 (135.0 ± 12.8
HU vs -37.00 ± 11.4 HU, respectively, P < 0.001).
The LPS-activated RAW264.7 cells had a higher
density compared to the quiet RAW264.7 cells (184.7
± 11.0 HU vs 135.0 ± 12.8 HU, respectively, P <
0.01) indicating a significant accumulation of ExiTron
nano6000 in the LPS-treated RAW264.7 cells (Figure
5B). Besides, hepatocytes were not found to have
endocytotic ability when CECT images were performed
on the HepG2 cells (data not shown). We concluded
that the CECT liver densities were positively correlated
with the number and function of macrophages in the
liver.

Morphological changes influencing the texture
of the CECT images: Histology was performed to
identify the morphological changes related to the
texture of the CECT images, and the serum ALT
activities were measured to examine physiologically
the extent of the liver lesions. For cholestasis, HE
staining showed an increasing bile infarct, dilated
biliary tract, and portal liver inflammation with the
advancement of cholestasis (Figure 3A). Because
ExiTron nano6000 is predominantly taken up by
cells of the RES (particularly macrophages within the
liver), we studied the effects of liver lesions on the
distribution of macrophages in the liver by staining for
[21,22]
CD68
. This staining showed that macrophages
were not present in the area of either the bile infarct or
the dilated biliary tract (Figure 3B).
For animals subjected to LPS/D-GalN-induced liver
lesions, HE staining primarily showed slight hepatic
necrosis accompanying inflammatory cell infiltration at
3 h, and displayed massive necrosis and destruction
of the hepatic architecture at 6 h (Figure 3A), which
correlated with the serum ALT activities (Figure 4).
No macrophages were present in the area of necrosis
in CD68-immunostained samples (Figure 3B). For
animals subjected to alcohol-induced liver lesions,
periportal microvesicular steatosis was observed in the
histological examination, and there was no significant
change in the distribution of macrophages (Figure 3B).
These results suggest that CECT using ExiTron
nano6000 could identify liver lesions such as necrosis
and dilated biliary tract by monitoring the distribution of
macrophages, which cause various CECT liver textures.

DISCUSSION
Noninvasive detection has become an attractive field
[25-28]
in preclinical translational studies
. For small
animals, a contrast agent is necessary for micro-CT to
[29]
improve the imaging of soft tissue . By contrasting
macrophages, studies have noninvasively investigated
macrophage-rich injuries of soft tissues such as
[30,31]
atherosclerotic plaques
. Our study has shown that
micro-CT using the ExiTron nano6000 contrast agent
could detect liver lesions induced by BDL, LPS/D-GalN
and alcohol.
Based on the CECT images obtained, ExiTron
nano6000 successfully targets and highlights the
morphology of the macrophage-rich liver. Extrahepatic
cholestasis is a common liver disease and can be
caused by diseases including choledocholithiasis and
pancreatic disease. BDL-induced liver lesions is a
classic model for studying extrahepatic cholestasis
[32]
and related liver lesions . In this experiment, CECT
showed dark regions that were increased in number
and size with the advancement of cholestasis after
BDL. Because CECT predominantly shows the areas
rich in macrophages (due to ExiTron nano6000 uptake),
the dark regions are suggestive of areas that are
deficient in macrophages. The increased density of
liver after BDL is also an important of indication of
cholestatic liver lesions.
LPS/D-GalN-induced liver lesions are a useful
[33]
model for studying fulminant liver failure . CECT
images show a more heterogeneous texture and
expanded sporadic black regions with the progression
of liver lesions. The liver density in the CECT images
significantly increased at 3 h after LPS/D-GalN
treatment and then returned to baseline at 6 h. We
hypothesize that the enlarged necrotic area accounts
for the low density of the liver at 6 h after LPS/D-GalN
injection. For the alcohol-induced liver lesions model,
the primary change in the CECT images was increased

Number and function of macrophages influencing tissue
density
Based on the in vivo observations described above,
we attempted to determine a relationship between
the CECT densities of various injured livers and the
recruitment of macrophages to the injured livers. Figure
5A shows that the livers from mice subjected to LPS/
D-GalN-induced injury for 6 h had significantly fewer
macrophages compared to those of the PBS control.
Other injuries did not induce any significant changes
in the number of macrophages in the livers (Figure
[23,24]
5A), which is consistent with previous studies
. We
speculated whether liver lesions could improve the
endocytotic function of macrophages regarding ExiTron
nano6000 uptake and affect the observed increased
densities of the injured liver.
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Figure 3 HE stains for liver lesions induced by bile duct ligation, lipopolysaccharide/D-GalN and alcohol (A); Immunostaining of CD68 after liver lesions
induced by bile duct ligation, lipopolysaccharide/D-GalN or alcohol (B). The black arrows indicate necrosis, and the white arrows indicate dilated biliary tracts.
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liver density.
Next, we compared the CECT images and the
pathological results, which is the gold standard for the
assessment of liver lesions. Comparison demonstrated
that the increased density of the CECT images was
nearly completely consistent with the pathological
results; however, the increased density decreased
significantly upon with serious liver lesions such as at
6 h after LPS/D-GalN injection.
Because the macrophages within the liver represent
a major cell type that takes up ExiTron nano6000,
we conducted an additional study of the pathology to
explore the effect of liver lesions on the distribution and
number of macrophages within the liver. By comparing
HE and CD68 staining, we determined that various
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types of liver lesions could cause the heterogeneous
distribution of macrophages instead of changing their
numbers. Macrophages were absent in the necrotic area
or dilated biliary tract, whereas no significant changes
were observed in the healthy regions. By comparing
the pathological findings with the CECT images, we
concluded that the heterogeneous distribution of
macrophages contributed to the heterogeneous texture
of the injured livers in the CECT images, and the
increased sporadic black regions in the CECT images
indicated the areas of either necrosis or dilated biliary
tracts.
The unchanged number of macrophages within the
injured livers prompted us further to examine changes
in macrophage function. The endocytotic ability of
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nano6000 is a feasible method for detecting various liver lesions.

macrophages has been shown to increase significantly
[34]
after activation . To understand the relationship
between the endocytotic function of macrophages for
ExiTron nano6000 and liver lesions, we performed
an in vitro study using LPS to stimulate RAW246.7
[35,36]
cells
. The RAW246.7 cell mass presented a
significantly increased density on the CECT images
after co-incubation with ExiTron nano6000, which
confirmed the ability of macrophages to take up this
contrast agent. LPS could activate the Toll-like receptor
4 pathway, which is a classic pathway of macrophage
activation in various liver lesions. Consistent with our
observations, the LPS-activated RAW246.7 cells had
increased densities on the CECT images compared to
the nonactivated cells. The results of this in vitro study
demonstrated that macrophages could be activated
by liver lesions and were responsible for the increased
density of the injured livers on CECT imaging. These
in vitro studies suggest that the endocytotic ability
of macrophages was activated by liver lesions and
resulted in increased density of the injured livers, as
observed on CECT imaging.
In conclusion, we demonstrated that micro-CT
in conjunction with the ExiTron nano6000 contrast
agent could provide specific liver imaging without
adverse reactions. CECT was able to detect liver
lesions objectively based on the texture and density
alterations of the CECT image; these alterations were
caused by variations in macrophage distribution,
number and function. Besides, ExiTron nano6000 and
other contrast agents could also provide pronounced
contrast for imaging of adrenal glands, vascular
structures or other tissues of interest. All of these
suggest that the use of micro-CT could be further
expanded in future applications.

Terminology

ExiTron nano6000 is an alkaline earth metal-based nanoparticulate contrast
agent specifically formulated for preclinical CT. It shows strong X-ray absorption
due to the high metal load of the particles. Upon intravenous injection, ExiTron
nano6000 circulates in the bloodstream and is primarily taken up by cells in
the reticuloendothelial system, including macrophages, which are distributed
extensively in the liver as Kupffer cells.

Peer-review

This is a well-done, thoughtful manuscript that is well written. The authors
showed that micro-CT with the contrast agent ExiTron nano6000 is potentially
useful for detecting various liver lesions such as alcoholic liver changes by the
heterogeneous textures and densities images, depending on the distribution,
number, and function of macrophages. As a reviewer, I also believe that it has
the potential to provide important information about the importance of new
technique for detecting different liver lesions.

REFERENCES
1

2

3

4

5

6

COMMENTS
COMMENTS
Background

Recently, micro-computed tomography (CT) and many other noninvasive
methods have been extensively used to detect liver lesions due to the defects
of autopsy, such as being time consuming and unfavorable for the principles
of animal welfare. ExiTron nano6000 is an alkaline earth metal-based
nanoparticulate contrast agent specifically formulated for preclinical CT. Studies
have reported that ExiTron nano6000 could be used to monitor the progress of
liver tumor, but liver lesions (other than tumor burden) have not been studied
and the detailed imaging mechanism remains to be discussed.

7

Research frontiers

8

Innovations and breakthroughs

9

Micro-CT has been widely used in preclinical small animal studies. Various
contrast agents were created to detect the lesions of soft tissues such as blood
vessels, brain, liver, and kidney. However, most of them focused on tumor
studies. To expand the application of micro-CT are of major interest.
At first, micro-CT using ExiTron nano6000 was successfully implied to detect
liver lesions induced by BDL, LPS/D-GalN and alcohol through emphasizing
the heterogeneous textures and densities of CECT images. Then, the changes
in macrophage distribution, number, and function of liver lesions were found to
be the related mechanisms. More importantly, of the mechanisms, we are the
first to discuss the role of cellular function in detecting liver lesions by CECT
images.

10

Applications

The study results suggest that micro-CT with the contrast agent ExiTron

WJG|www.wjgnet.com

8050

Deroose CM, De A, Loening AM, Chow PL, Ray P, Chatziioannou
AF, Gambhir SS. Multimodality imaging of tumor xenografts and
metastases in mice with combined small-animal PET, small-animal
CT, and bioluminescence imaging. J Nucl Med 2007; 48: 295-303
[PMID: 17268028]
Wurnig MC, Tsushima Y, Weiger M, Jungraithmayr W, Boss A.
Assessing lung transplantation ischemia-reperfusion injury by
microcomputed tomography and ultrashort echo-time magnetic
resonance imaging in a mouse model. Invest Radiol 2014; 49:
23-28 [PMID: 24056111 DOI: 10.1097/RLI.0b013e3182a53111]
Wu X, Yu G, Lindner D, Brady-Kalnay SM, Zhang Q, Lu ZR.
Peptide targeted high-resolution molecular imaging of prostate
cancer with MRI. Am J Nucl Med Mol Imaging 2014; 4: 525-536
[PMID: 25250202]
Bastard C, Bosisio MR, Chabert M, Kalopissis AD, MahroufYorgov M, Gilgenkrantz H, Mueller S, Sandrin L. Transient microelastography: A novel non-invasive approach to measure liver
stiffness in mice. World J Gastroenterol 2011; 17: 968-975 [PMID:
21448348 DOI: 10.3748/wjg.v17.i8.968]
Martiniova L, Schimel D, Lai EW, Limpuangthip A, Kvetnansky
R, Pacak K. In vivo micro-CT imaging of liver lesions in small
animal models. Methods 2010; 50: 20-25 [PMID: 19520168 DOI:
10.1016/j.ymeth.2009.05.016]
Borah B, Dufresne TE, Cockman MD, Gross GJ, Sod EW, Myers
WR, Combs KS, Higgins RE, Pierce SA, Stevens ML. Evaluation
of changes in trabecular bone architecture and mechanical
properties of minipig vertebrae by three-dimensional magnetic
resonance microimaging and finite element modeling. J Bone
Miner Res 2000; 15: 1786-1797 [PMID: 10976998 DOI: 10.1359/
jbmr.2000.15.9.1786]
Engelke K, Graeff W, Meiss L, Hahn M, Delling G. High
spatial resolution imaging of bone mineral using computed
microtomography. Comparison with microradiography and
undecalcified histologic sections. Invest Radiol 1993; 28: 341-349
[PMID: 7683009]
Montet X, Pastor CM, Vallée JP, Becker CD, Geissbuhler A, Morel
DR, Meda P. Improved visualization of vessels and hepatic tumors
by micro-computed tomography (CT) using iodinated liposomes.
Invest Radiol 2007; 42: 652-658 [PMID: 17700281 DOI: 10.1097/
RLI.0b013e31805f445b]
Ford NL, Graham KC, Groom AC, Macdonald IC, Chambers AF,
Holdsworth DW. Time-course characterization of the computed
tomography contrast enhancement of an iodinated blood-pool
contrast agent in mice using a volumetric flat-panel equipped
computed tomography scanner. Invest Radiol 2006; 41: 384-390
[PMID: 16523021 DOI: 10.1097/01.rli.0000197981.66537.48]
Cody DD, Nelson CL, Bradley WM, Wislez M, Juroske D,
Price RE, Zhou X, Bekele BN, Kurie JM. Murine lung tumor
measurement using respiratory-gated micro-computed tomography.
Invest Radiol 2005; 40: 263-269 [PMID: 15829823]

July 14, 2015|Volume 21|Issue 26|

Hua XW et al . Micro-CT with ExiTron nano6000
11

12

13

14

15

16

17

18

19

20

21

22

23

De La Vega JC, Häfeli UO. Utilization of nanoparticles as X-ray
contrast agents for diagnostic imaging applications. Contrast
Media Mol Imaging 2015; 10: 81-95 [PMID: 25044541 DOI:
10.1002/cmmi.1613]
Duan J, Hu C, Chen H. High-resolution micro-CT for morphologic
and quantitative assessment of the sinusoid in human cavernous
hemangioma of the liver. PLoS One 2013; 8: e53507 [PMID:
23308240 DOI: 10.1371/journal.pone.0053507]
Graham KC, Detombe SA, MacKenzie LT, Holdsworth DW,
MacDonald IC, Chambers AF, Drangova M. Contrast-enhanced
microcomputed tomography using intraperitoneal contrast injection
for the assessment of tumor-burden in liver metastasis models.
Invest Radiol 2008; 43: 488-495 [PMID: 18580331 DOI: 10.1097/
RLI.0b013e318172f5b5]
Pandit P, Johnston SM, Qi Y, Story J, Nelson R, Johnson GA.
The utility of micro-CT and MRI in the assessment of longitudinal
growth of liver metastases in a preclinical model of colon
carcinoma. Acad Radiol 2013; 20: 430-439 [PMID: 23498983
DOI: 10.1016/j.acra.2012.09.030]
Varenika V, Fu Y, Maher JJ, Gao D, Kakar S, Cabarrus MC, Yeh
BM. Hepatic fibrosis: evaluation with semiquantitative contrastenhanced CT. Radiology 2013; 266: 151-158 [PMID: 23169796
DOI: 10.1148/radiol.12112452]
Choukèr A, Lizak M, Schimel D, Helmberger T, Ward JM,
Despres D, Kaufmann I, Bruns C, Löhe F, Ohta A, Sitkovsky MV,
Klaunberg B, Thiel M. Comparison of Fenestra VC Contrastenhanced computed tomography imaging with gadopentetate
dimeglumine and ferucarbotran magnetic resonance imaging for
the in vivo evaluation of murine liver damage after ischemia and
reperfusion. Invest Radiol 2008; 43: 77-91 [PMID: 18197060 DOI:
10.1097/RLI.0b013e318155aa2e]
Boll H, Nittka S, Doyon F, Neumaier M, Marx A, Kramer M,
Groden C, Brockmann MA. Micro-CT based experimental liver
imaging using a nanoparticulate contrast agent: a longitudinal
study in mice. PLoS One 2011; 6: e25692 [PMID: 21984939 DOI:
10.1371/journal.pone.0025692]
Boll H, Figueiredo G, Fiebig T, Nittka S, Doyon F, Kerl HU, Nölte
I, Förster A, Kramer M, Brockmann MA. Comparison of Fenestra
LC, ExiTron nano 6000, and ExiTron nano 12000 for microCT imaging of liver and spleen in mice. Acad Radiol 2013; 20:
1137-1143 [PMID: 23931428 DOI: 10.1016/j.acra.2013.06.002]
You Z, Wang Q, Bian Z, Liu Y, Han X, Peng Y, Shen L, Chen X,
Qiu D, Selmi C, Gershwin ME, Ma X. The immunopathology of
liver granulomas in primary biliary cirrhosis. J Autoimmun 2012;
39: 216-221 [PMID: 22727562 DOI: 10.1016/j.jaut.2012.05.022]
Venter G, Oerlemans FT, Wijers M, Willemse M, Fransen JA,
Wieringa B. Glucose controls morphodynamics of LPS-stimulated
macrophages. PLoS One 2014; 9: e96786 [PMID: 24796786 DOI:
10.1371/journal.pone.0096786]
Ishimoto T, Lanaspa MA, Rivard CJ, Roncal-Jimenez CA, Orlicky
DJ, Cicerchi C, McMahan RH, Abdelmalek MF, Rosen HR, Jackman
MR, MacLean PS, Diggle CP, Asipu A, Inaba S, Kosugi T, Sato W,
Maruyama S, Sánchez-Lozada LG, Sautin YY, Hill JO, Bonthron
DT, Johnson RJ. High-fat and high-sucrose (western) diet induces
steatohepatitis that is dependent on fructokinase. Hepatology 2013;
58: 1632-1643 [PMID: 23813872 DOI: 10.1002/hep.26594]
Benoit B, Plaisancié P, Awada M, Géloën A, Estienne M, Capel
F, Malpuech-Brugère C, Debard C, Pesenti S, Morio B, Vidal
H, Rieusset J, Michalski MC. High-fat diet action on adiposity,
inflammation, and insulin sensitivity depends on the control lowfat diet. Nutr Res 2013; 33: 952-960 [PMID: 24176235 DOI:
10.1016/j.nutres.2013.07.017]
Barnes MA, McMullen MR, Roychowdhury S, Pisano SG, Liu
X, Stavitsky AB, Bucala R, Nagy LE. Macrophage migration
inhibitory factor contributes to ethanol-induced liver injury by

24

25
26

27

28

29

30

31

32

33

34

35

36

mediating cell injury, steatohepatitis, and steatosis. Hepatology
2013; 57: 1980-1991 [PMID: 23174952 DOI: 10.1002/hep.26169]
Liu Y, Ma Z, Zhao C, Wang Y, Wu G, Xiao J, McClain CJ, Li X,
Feng W. HIF-1α and HIF-2α are critically involved in hypoxiainduced lipid accumulation in hepatocytes through reducing
PGC-1α-mediated fatty acid β-oxidation. Toxicol Lett 2014; 226:
117-123 [PMID: 24503013 DOI: 10.1016/j.toxlet.2014.01.033]
Thurman JM, Rohrer B. Noninvasive detection of complement
activation through radiologic imaging. Adv Exp Med Biol 2013;
735: 271-282 [PMID: 23402034]
Saito S, Murase K. Detection and early phase assessment of
radiation-induced lung injury in mice using micro-CT. PLoS
One 2012; 7: e45960 [PMID: 23029340 DOI: 10.1371/journal.
pone.0045960]
Wang X, Hagemeyer CE, Hohmann JD, Leitner E, Armstrong
PC, Jia F, Olschewski M, Needles A, Peter K, Ahrens I. Novel
single-chain antibody-targeted microbubbles for molecular
ultrasound imaging of thrombosis: validation of a unique
noninvasive method for rapid and sensitive detection of thrombi
and monitoring of success or failure of thrombolysis in mice.
Circulation 2012; 125: 3117-3126 [PMID: 22647975 DOI: 10.1161/
CIRCULATIONAHA.111.030312]
Kuroda H, Kakisaka K, Kamiyama N, Oikawa T, Onodera
M, Sawara K, Oikawa K, Endo R, Takikawa Y, Suzuki K.
Non-invasive determination of hepatic steatosis by acoustic
structure quantification from ultrasound echo amplitude. World
J Gastroenterol 2012; 18: 3889-3895 [PMID: 22876042 DOI:
10.3748/wjg.v18.i29.3889]
Hyafil F, Cornily JC, Feig JE, Gordon R, Vucic E, Amirbekian
V, Fisher EA, Fuster V, Feldman LJ, Fayad ZA. Noninvasive
detection of macrophages using a nanoparticulate contrast agent
for computed tomography. Nat Med 2007; 13: 636-641 [PMID:
17417649 DOI: 10.1038/nm1571]
Ding J, Wang Y, Ma M, Zhang Y, Lu S, Jiang Y, Qi C, Luo
S, Dong G, Wen S, An Y, Gu N. CT/fluorescence dual-modal
nanoemulsion platform for investigating atherosclerotic plaques.
Biomaterials 2013; 34: 209-216 [PMID: 23069709 DOI: 10.1016/
j.biomaterials.2012.09.025]
Chen W, Vucic E, Leupold E, Mulder WJ, Cormode DP,
Briley-Saebo KC, Barazza A, Fisher EA, Dathe M, Fayad ZA.
Incorporation of an apoE-derived lipopeptide in high-density
lipoprotein MRI contrast agents for enhanced imaging of
macrophages in atherosclerosis. Contrast Media Mol Imaging
2008; 3: 233-242 [PMID: 19072768 DOI: 10.1002/cmmi.257]
Gujral JS, Liu J, Farhood A, Jaeschke H. Reduced oncotic
necrosis in Fas receptor-deficient C57BL/6J-lpr mice after bile duct
ligation. Hepatology 2004; 40: 998-1007 [PMID: 15382126 DOI:
10.1002/hep.20380]
Gong X, Zhang L, Jiang R, Wang CD, Yin XR, Wan JY.
Hepatoprotective effects of syringin on fulminant hepatic failure
induced by D-galactosamine and lipopolysaccharide in mice. J
Appl Toxicol 2014; 34: 265-271 [PMID: 23620140 DOI: 10.1002/
jat.2876]
May JM, Huang J, Qu ZC. Macrophage uptake and recycling of
ascorbic acid: response to activation by lipopolysaccharide. Free
Radic Biol Med 2005; 39: 1449-1459 [PMID: 16274880 DOI:
10.1016/j.freeradbiomed.2005.07.006]
Xu X, Yin P, Wan C, Chong X, Liu M, Cheng P, Chen J, Liu F, Xu
J. Punicalagin inhibits inflammation in LPS-induced RAW264.7
macrophages via the suppression of TLR4-mediated MAPKs
and NF-κB activation. Inflammation 2014; 37: 956-965 [PMID:
24473904 DOI: 10.1007/s10753-014-9816-2]
Sahin H, Trautwein C, Wasmuth HE. TLR4 stresses the liver.
Gut 2012; 61: 1241-1242 [PMID: 22387524 DOI: 10.1136/
gutjnl-2012-302188]
P- Reviewer: Hashimoto N, Homan M, Isaji S
S- Editor: Qi Y L- Editor: Kerr C E- Editor: Liu XM

WJG|www.wjgnet.com

8051

July 14, 2015|Volume 21|Issue 26|

World J Gastroenterol 2015 July 14; 21(26): 8052-8060
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i26.8052

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Conjugation of toll-like receptor-7 agonist to gastric cancer
antigen MG7-Ag exerts antitumor effects
Xiao-Dong Wang, Ning-Ning Gao, Yu-Wen Diao, Yu Liu, Dong Gao, Wang Li, Yan-Yan Wan, Jing-Jing Zhong,
Guang-Yi Jin
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Xiao-Dong Wang, Ning-Ning Gao, Yu-Wen Diao, Yu Liu,
Dong Gao, Wang Li, Yan-Yan Wan, Jing-Jing Zhong, GuangYi Jin, School of Medicine, Shenzhen University, Shenzhen
518060, Guangdong Province, China
Xiao-Dong Wang, Ning-Ning Gao, Yu-Wen Diao, Yu Liu,
Dong Gao, Wang Li, Yan-Yan Wan, Jing-Jing Zhong, GuangYi Jin, Shenzhen Engineering Laboratory of Synthetic Biology,
Shenzhen 518060, Guangdong Province, China

Correspondence to: Guang-Yi Jin, PhD, Professor of
Medicinal Chemistry, School of Medicine, Shenzhen University,
No. 3688 Nanhai Avenue, Shenzhen 518060, Guangdong
Province, China. gyjin@szu.edu.cn
Telephone: +86-755-86670303
Fax: +86-755-86671906

Yu-Wen Diao, National-Regional Key Technology Engineering
Laboratory for Medical Ultrasound, School of Medicine,
Shenzhen University, Shenzhen 518060, Guangdong Province,
China
Yu Liu, Key Laboratory of Optoelectronic Devices and Systems
of Ministry of Education and Guangdong Province, College of
Optoelectronic Engineering, Shenzhen University, Shenzhen
518060, Guangdong Province, China

Received: December 26, 2014
Peer-review started: December 27, 2014
First decision: January 22, 2015
Revised: April 1, 2015
Accepted: May 20, 2015
Article in press: May 21, 2015
Published online: July 14, 2015

Author contributions: Wang XD, Gao NN, Diao YW, Liu Y
and Jin GY designed the research; Wang XD, Gao NN, Gao D,
Li W, Wan YY and Zhong JJ performed the research; Wang XD,
Gao NN, Diao YW and Liu Y analyzed the data; and Wang XD
wrote the paper.
Supported by National Natural Science Foundation of China,
No. 81202396 and No. 81273374; and grants from the Science
Foundation of Shenzhen, No. JCYJ20130326112757843.

Abstract
AIM: To investigate the effects of our tumor vaccines on
reversing immune tolerance and generating therapeutic
response.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of Shenzhen
University, China.

METHODS: Vaccines were synthesized by solid phase
using an Fmoc strategy, where a small molecule toll-like
receptor-7 agonist (T7) was conjugated to a monoclonal
gastric cancer 7 antigen mono-epitope (T7-MG1) or
tri-epitope (T7-MG3). Cytokines were measured in
both mouse bone marrow dendritic cells and mouse
spleen lymphocytes after exposed to the vaccines.
BALB/c mice were intraperitoneally immunized with
the vaccines every 2 wk for a total of three times, and
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and dataset available from the corresponding author at gyjin@
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then subcutaneously challenged with Ehrlich ascites
carcinoma (EAC) cells. Three weeks later, the mice were
killed, and the tumors were surgically removed and
weighed. Serum samples were collected from the mice,
and antibody titers were determined by ELISA using an
alkaline phosphate-conjugated detection antibody for
total IgG. Antibody-dependent cell-mediated cytotoxicity
was detected by the lactate dehydrogenase method
using natural killer cells as effectors and antibody-labeled
EAC cells as targets. Cytotoxic T lymphocyte activities
were also detected by the lactate dehydrogenase method
using lymphocytes as effectors and EAC cells as targets.

http://www.wjgnet.com/1007-9327/full/v21/i26/8052.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i26.8052

INTRODUCTION
Gastric cancer is one of the most common malig
nancies and the second leading cause of cancerrelated death worldwide. Surgery, chemotherapy, and
radiotherapy are frequently used in the treatment
of gastric cancer. Immunotherapy, especially tumor
vaccine, has now drawn more and more attention for
its advantages, such as low toxicity and long-term
effect. However, due to the lack of tumor-specific
antigens, few effective gastric cancer vaccines have
been investigated.
Monoclonal gastric cancer 7 antigen (MG7-Ag),
discovered by Dr. Fan Dai-Ming (the Fourth Military
Medical University, Xi’an, China), is a tumor-associated
antigen with high specificity and selectivity. MG7Ag expression in gastric mucosa is closely associated
with high risk of gastric atypical hyperplasia and
malignant change, which suggests that MG7-Ag plays
[1,2]
an important role in gastric cancer progression .
Many studies have been carried out concerning
tumor prevention and treatment based on MG7Ag, including DNA vaccines and recombinant protein
[3,4]
vaccines . However, weak immunogenicity of tumorassociated antigens is a drawback of tumor vaccines,
which requires the addition of adjuvants for optimal
performance.
Toll-like receptors (TLRs) are fundamental elements
of immune system, which facilitate our understanding
of the innate and adaptive immunity. The application
of TLR ligands as adjuvants in vaccine development
is currently under intensive investigation, as they
are not only capable of protecting against infectious
[5,6]
diseases , but also serving as a promising method
[7,8]
for cancer treatment . Evidence has revealed that
vaccine-mediated tumor inhibition was caused by
specific immunity against MUC1 and nonspecific
[9]
adjuvant effects of the TLR2 agonist . Among all kinds
of TLR ligands, the TLR7 agonist is the only choice of
small molecule synthetic compound, which is more
convenient to obtain than other biomacromolecules,
such as TLR4 and TLR9 ligands. The TLR7 agonist has
also been reported with immunostimulatory capacity,
and applied in the research of vaccines against
several types of tumors, such as leukemia and breast
[10,11]
cancer
. Imiquimod, the classic TLR7 agonist, lacks
the chemical group to couple with proteins or peptides.
Therefore, we adopted another well-studied TLR7
agonist (T7; chemical structure is shown in Figure 1)
where its free carboxyl group can link to the amino
[12]
group of peptides .
Here, we constructed a novel gastric cancer vaccine
by covalently coupling the small molecule T7 with
MG7-Ag mono-epitope (MG1; sequence used widely in

RESULTS: Vaccines were successfully synthesized
and validated by analytical high performance liquid
chromatography and electrospray mass spectrometry,
including T7, T7-MG1, and T7-MG3. Rapid inductions
of tumor necrosis factor-α and interleukin-12 in bone
marrow dendritic cells and interferon γ and interleukin-12
in lymphocytes occurred in vitro after T7, T7-MG1, and
T7-MG3 treatment. Immunization with T7-MG3 reduced
the EAC tumor burden in BALB/c mice to 62.64% ±
5.55% compared with PBS control (P < 0.01). Six or
nine weeks after the first immunization, the monoclonal
gastric cancer 7 antigen antibody increased significantly
in the T7-MG3 group compared with the PBS control
(P < 0.01). As for antibody-dependent cell-mediated
cytotoxicity, antisera obtained by immunization with T7MG3 were able to markedly enhance cell lysis compared
to PBS control (31.58% ± 2.94% vs 18.02% ± 2.26%;
P < 0.01). As for cytotoxic T lymphocytes, T7-MG3
exhibited obviously greater cytotoxicity compared with
PBS control (40.92% ± 4.38% vs 16.29% ± 1.90%; P
< 0.01).
CONCLUSION: A successful method is confirmed for the
design of gastric cancer vaccines by chemical conjugation
of T7 and multi-repeat-epitope of monoclonal gastric
cancer 7 antigen.
Key words: Gastric cancer; Immunotherapy; Monoclonal
gastric cancer 7 antigen; Toll-like receptor-7; Vaccine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Immunization with toll-like receptor-7 agonist
conjugated with a monoclonal gastric cancer 7 antigen
tri-epitope was efficacious in reversing tolerance and
generating a therapeutic response in Ehrlich ascites
carcinoma tumor-bearing mice. This occurred by
enhancing the specific humoral and cellular immunity,
which were displayed as higher antibody titers, antibodydependent cell-mediated cytotoxicity, and cytotoxic T
lymphocyte activity.
Wang XD, Gao NN, Diao YW, Liu Y, Gao D, Li W, Wan YY,
Zhong JJ, Jin GY. Conjugation of toll-like receptor-7 agonist to
gastric cancer antigen MG7-Ag exerts antitumor effects. World
J Gastroenterol 2015; 21(26): 8052-8060 Available from: URL:

WJG|www.wjgnet.com

8053

July 14, 2015|Volume 21|Issue 26|

Wang XD et al . TLR7 agonist exerts antitumor effects
NH2
N

N

OH

KPHVHTK

KPHVHTKPHVHTKPHVHTK

(MG1)

(MG3)

N

N

O

O
COOH

(T7)
NH2
N
O

NH2
N

N

N

N

OH
N

O

O
KPHVHTK

OH
N

N

O
KPHVHTKPHVHTKPHVHTK

O

O

(T7-MG1)

(T7-MG3)

Figure 1 Chemical structures of the synthetic vaccines. MG1: Monoclonal gastric cancer 7 antigen mono-epitope; MG3: Monoclonal gastric cancer 7 antigen triepitope; T7: Toll-like receptor-7 agonist.

tumor vaccines), and examined its efficiency in eliciting
humoral and cellular immune response, reversing
tumor tolerance, and generating a protective effect.
Furthermore, we designed an MG7-Ag tri-epitope
(MG3; epitope sequence repeated three times) as a
superantigen, and conjugated it with T7 to constitute
a more potent vaccine. Our research revealed that
conjugation of T7 and MG3 was critical for inducing
optimal immune responses, displayed by cytokine
detection, antibody titer determination, antibodydependent cell-mediated cytotoxicity (ADCC), cytotoxic
T lymphocyte (CTL) activity, and a tumor challenge
assay.

containing trifluoroacetic acid, phenol, water, and
triisprpylsilane at a ratio of 88:5:5:2 (v/v). Following
addition of cold diethyl ether for precipitation, peptides
were dissolved with 0.1% trifluoroacetic acid in water/
acetonitrile and lyophilized. Finally, a purity of at least
95% (UV detection at 214 nm and 254 nm) in all
peptides was validated by analytical high performance
liquid chromatography using a C18 column (5 µm, 300
Å, 10 mm × 200 mm). Electrospray mass spectrometry
was also performed to further identify the peptides.

Cytokine assays

Cytokines were measured in both mouse bone
marrow dendritic cells (BMDCs) and mouse spleen
lymphocytes. BMDCs were generated as described
[14]
previously . Briefly, bone marrow cells from femurs
and tibiae of BALB/c mice were cultured at 37 ℃
for 6 d in X-vivo 15 medium (Lonza Group, Basel,
Switzerland) containing granulocyte-macrophage
colony-stimulating factor (GM-CSF) (10 ng/mL) and
interleukin (IL)-4 (10 ng/mL). Spleen lymphocytes
were isolated from BALB/c mice using Mouse
Lymphocyte Separation Medium (Dakewe, Beijing,
China), according to the supplier’s manual. BMDCs and
lymphocytes were seeded in 96-well plates at a density
4
of 5 × 10 cells per well. Vaccines were added at a final
concentration ranging from 0.01 μmol/L to 10 μmol/L
and incubated for 24 h. Culture supernatants were
collected and cytokine quantification of tumor necrosis
factor (TNF)-α, interferon (IFN)-γ, and IL-12 was
performed using Mouse TNF-α, IFN-γ, and IL-12 p70
ELISA Ready-SET-Go reagent sets (eBioscience, San
Diego, CA, United States), according to the supplier’s

MATERIALS AND METHODS
Chemical synthesis

[12]

T7 was synthesized as described before . The
peptides were synthesized by solid phase using an
[13]
Fmoc strategy . 2-Chlorotrityl chloride resin (GL BIO
Company, Shanghai, China) was the solid support
loaded at 1.0 mmol/g. The following N-protected Fmoc
amino acids were applied as the functionalized amino
acids: Fmoc-Lys(Boc)-OH, Fmoc-Thr(tBu)-OH, FmocHis(Trt)-OH, Fmoc-Val-OH, Fmoc-Pro-OH (GL BIO
Company, Shanghai, China) and T7. For the synthesis,
2-(1 H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate was used as the coupling
reagent, while each amino acid was used at eight
equal molar quantities. Fmoc deprotection was carried
out in a mixture of piperidine and dimethylformamide
at a ratio of 2:8 (v/v). Disaggregation of the peptide
from the resin was performed for 3.5 h in a solution
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manual. Briefly, an ELISA plate was first coated with
capture antibody overnight at 4 ℃, and then filled
successively with block solution, culture supernatant,
and detection antibody for 1 h at room temperature.
Finally, substrate and stop solution were added to each
well, and the optical density was measured at 450
nm with a spectrophotometer (BioTek, Winooski, VT,
United States).

from normal BALB/c mice using a Mouse NK Cell
Separation Kit (Hao Yang, Tianjin, China), were used
as effectors and seeded with the antibody-labeled
EAC cells for 4 h at an effector-to-target cell ratio
of 50:1. Cytotoxicity was measured by the lactate
dehydrogenase (LDH) method using Non-Radioactive
Cytotoxicity Assay (Promega Corp., Madison, WI,
United States), according to the supplier’s manual.
Briefly, after incubation, culture supernatant was
transferred to an ELISA plate, followed by the addition
of substrate solution for 30 min at room temperature.
Finally, stop solution was filled, and the optical density
was measured at 490 nm with a spectrophotometer
(BioTek).

Immunization of mice

This study was approved by the Laboratory Animal
Ethics Committee of Shenzhen University. The animal
protocol was designed to minimize pain or discomfort
to the animals. Female 4-wk-old BALB/c mice weighing
15-20 g were purchased from the Medical Laboratory
Animal Center (Guangzhou, Guangdong, China). All
mice were housed in constant laboratory conditions
of a 12 h light/dark cycle and specific pathogenfree conditions, and fed with water and food ad
libitum. After being acclimated for 1 wk, BALB/c mice
were used to evaluate the immunogenicity of the
vaccines, by immunizations with T7, MG1, T7+MG1
(unconjugated), T7-MG1 (conjugated), MG3, T7+MG3
(unconjugated), T7-MG3 (conjugated), and PBS as
control. For these experiments, 25 µg of T7-MG3
or equal molar quantities of other vaccines were
administered i.p. to each mouse every 2 wk for a total
of three times.

Determination of CTL

At the time of sacrifice, lymphocytes, separated from
the spleen of each mouse by Mouse Lymphocyte
Separation Medium (Dakewe, Beijing, China), were
used as effectors. EAC tumor cells were used as target
cells and incubated with lymphocytes for 4 h at an
effector-to-target cell ratio of 100:1. Cytotoxicity was
also measured by the LDH method as described above.

Statistical analysis

Data are expressed as mean ± SE for the indicated
number of independently performed experiments.
Student’s t test was used for the determination of
statistical significance. The difference was considered
to be statistically significant at P < 0.05. The statistical
methods of this study were reviewed by Dr. Gao KaiPing from the School of Medicine, Shenzhen University.

Tumor challenge assays

After 6 wk immunizations, each BALB/c mouse was
7
subcutaneously challenged with 1 × 10 Ehrlich ascites
carcinoma (EAC) cells, and the expression of MG7-Ag
was assessed by Western blot using MG7-Ag antibody
(a gift from Dr. Fan Dai-Ming and Dr. Nie Yong-Zhan).
Three weeks after challenge, the mice were killed, and
the tumors were surgically removed and weighed.

RESULTS
Chemical synthesis of vaccines

T7 was synthesized as described above and used in the
preparation of other vaccines (Figure 1). The following
four peptides were synthesized by solid phase method:
MG1 (peptide sequence is KPHVHTK), MG3 (peptide
sequence is KPHVHTKPHVHTKPHVHTK), T7-MG1, and
T7-MG3. T7 and MG7-Ag were also used in combination
without chemical conjugation by mixing equal molar
quantities of T7 and MG1 (T7+MG1) or MG3 (T7+MG3).
All of above-mentioned compounds were confirmed
by mass spectrometry and high performance liquid
chromatography.

Determination of antibody titers

After each immunization, blood samples were collected
from the mice and centrifuged at 3000 g for 15 min to
obtain serum samples. Antibody titers in serum were
determined by ELISA using an alkaline phosphateconjugated detection antibody for total IgG (Millipore
Corp., Billerica, MA, United States). Briefly, an ELISA
plate was coated with BSA-MG1 (peptide sequence
is BSA-KPHVHTK) overnight at 4 ℃, then incubated
successively with block solution for 2 h, serum samples
(1:50 diluted), and detection antibody for 1 h at
room temperature. Finally, p-NPP substrate (Millipore
Corp.) and stop solution were added to each well, and
the optical density was measured at 405 nm with a
spectrophotometer (BioTek).

In vitro cytokine release by vaccines

To examine the activity on initiating the production
of necessary cytokines, mouse BMDCs and spleen
lymphocytes were exposed to vaccines at indicated
concentrations. As shown in Figure 2A and B, the
levels of two cytokines (TNF-α and IL-12) remained
unchanged when the BMDCs were incubated with MG1
or MG3 alone. However, T7 displayed dose-dependent
increases of TNF-α release in the range of 0.1 μmol/L to
10 μmol/L, and IL-12 release in the range of 1 μmol/L to

Determination of ADCC

At the time of sacrifice, serum samples from the mice
were diluted 1:25 and incubated with EAC tumor cells
for 30 min at 37 ℃. Natural killer (NK) cells, isolated
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Figure 2 Vaccines induced cytokine release of mouse bone marrow dendritic cells and mouse spleen lymphocytes in vitro. Cells were incubated with
vaccines for 24 h. Quantification of A: Tumor necrosis factor-α (TNF-α); and B: Interleukin-12 (IL-12) in bone marrow dendritic cells; and C: Interferon-γ (IFN-γ); and D:
IL-12 in lymphocytes. Data are presented as mean ± SE (n = 3). MG1: Monoclonal gastric cancer 7 antigen mono-epitope; MG3: Monoclonal gastric cancer 7 antigen
tri-epitope; T7: Toll-like receptor-7 agonist.

10 μmol/L. Significantly higher levels of cytokines were
detected when the MG7-Ag epitope was conjugated to
T7 (T7-MG1 or T7-MG3) compared to T7 alone (P <
0.05). Moreover, 10 μmol/L T7-MG3 was more potent
in raising cytokine release levels of TNF-α and IL-12
than T7-MG1. Similar results were demonstrated for
cytokines released in lymphocytes (Figure 2C and D).
Furthermore, 0.1 μmol/L T7-MG3, rather than 0.1
µmol/L T7-MG1, increased the levels of IFN-γ and IL-12,
indicating that T7-MG3 had a stronger stimulating effect
on mouse lymphocytes than T7-MG1.
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Protection of vaccines against tumor challenge
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EAC cells, which have been verified for the presence of
[3]
MG7-Ag , were used to challenge the BALB/c mice to
investigate the protective ability of tumor vaccines. We
also confirmed the expression of MG7-Ag in EAC cells
by Western blot (data not shown). As shown in Figure
3, immunization with T7, MG1, or MG3 alone did not
exhibit much improvement of antitumor properties as
compared with PBS control. Although T7+MG1 and T7-

T7
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Figure 3 Vaccines reduced Ehrlich ascites carcinoma tumor burden in
BALB/c mice. Mice were immunized with vaccines or PBS as control every
2 wk for a total of three times. Data are presented as mean ± SE (n ≥ 5); aP
< 0.05, bP < 0.01 vs control group. MG1: Monoclonal gastric cancer 7 antigen
mono-epitope; MG3: Monoclonal gastric cancer 7 antigen tri-epitope; T7: Tolllike receptor-7 agonist.
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in T7+MG3 and T7-MG3 groups compared to PBS
control, while the difference of immune effect was
negligible between chemical conjugation (T7-MG3) and
simple commixture (T7+MG3). On the other hand,
T7, MG1, or MG3 alone exerted little impact on MG7Ag antibody (Figure 4). Vaccines constructed with MG1
(T7+MG1 and T7-MG1) also could not elicit antibody
response, independent of the times of immunization
(data not shown).
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ADCC induced by vaccines

9

ADCC was determined by addition of serum samples
and NK cells (cytotoxic effector cells) to EAC tumor
cells (target cells), and measurement of released
LDH activity (Figure 5). Antisera collected from the
mice immunized with T7 and MG1, whether used
alone or in combination (T7+MG1 or T7-MG1), did
not induce significant cancer cell lysis compared with
PBS control. Antibodies derived from MG3 displayed
stronger cytotoxicity to a certain degree, yet still not
significantly different from the PBS control. However,
antisera obtained by immunization with T7+MG3
and T7-MG3 were able to markedly increase cell lysis
compared to PBS or MG3 alone. No remarkable ADCC
effect of vaccines was found when mouse breast
cancer 4T1 cells were used as target cells for negative
control (data not shown).

Figure 4 Vaccines induced serum antibody against monoclonal gastric
cancer 7 antigen in BALB/c mice. Every two weeks after immunization
(week 2, 4, 6) and after sacrifice (week 9), serum samples were collected and
antibody titers were determined by ELISA. Data points represent mean ± SE (n
= 5); aP < 0.05, bP < 0.01 vs control group. MG3: Monoclonal gastric cancer 7
antigen tri-epitope; T7: Toll-like receptor-7 agonist.
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To assess the ability of vaccines to activate cellular
immunity, CTL activity was determined by LDH assay,
51
which is identically sensitive to the Cr release assay
when measuring cytotoxicity. As shown in Figure 6,
immunization with T7, MG1, or MG3 alone did not
induce more CTL in BALB/c mice than in PBS control.
As expected, CTL activated by T7+MG3 and T7-MG3
exhibited obviously greater cytotoxicity compared
with control, being significantly higher with T7-MG3
compared to T7+MG3 (P < 0.05). However, vaccines
constructed with MG1, both T7+MG1 and T7-MG1, did
not display similar high lytic activity as with T7+MG3
and T7-MG3. Similar with ADCC, no CTL effect of
vaccines was detected with 4T1 cells as negative
control (data not shown).
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Figure 5 Vaccines induced antibody-dependent cell-mediated cytotoxicity.
Serum samples were collected from BALB/c mice immunized with vaccines
or PBS controls. Antibody-dependent cell-mediated cytotoxicity activities were
indicated by lysis of Ehrlich ascites carcinoma (EAC) cells using the lactate
dehydrogenase method. Data are presented as mean ± SE (n = 5); bP < 0.01
vs control group. MG1: Monoclonal gastric cancer 7 antigen mono-epitope;
MG3: Monoclonal gastric cancer 7 antigen tri-epitope; T7: Toll-like receptor-7
agonist.

MG1 led to somewhat smaller tumors, their differences
were not significant compared with PBS control.
Obvious reduction of tumor weight was observed
when T7 was used together with the MG3, whether as
a commixture (T7+MG3) or chemical conjugation (T7MG3); the difference between T7+MG3 and T7-MG3
was not significant. Meanwhile, mouse breast cancer
4T1 cells (absence of MG7-Ag expression ascertained
by Western blot) were included as a negative control.
Neither T7+MG3 nor T7-MG3 could reduce the 4T1
tumor burden (data not shown), indicating the MG7Ag specificity of the observed effects in EAC cells.

DISCUSSION
Gastric cancer is the second leading cause of cancerrelated death worldwide, and therapeutic effect was
poor by traditional treatment (surgery, chemotherapy,
and radiation) with a low five-year survival rate.
Therefore, immunotherapy offers another direction in
prevention and treatment of gastric cancer. Nowadays,
adoptive cell therapy, gene therapy, monoclonal
antibody therapy, and cancer vaccines are frequently
[15]
used with some success . Clinical studies of adoptive
immunotherapies have shown that longer survival
was achieved in gastric cancer patients treated with

Serum antibody induced by vaccines

Serum antibody titers against MG7-Ag were determined
by ELISA assay. Six or nine weeks after first immu
nization, MG7-Ag antibody increased significantly
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Lysis of EAC cells (%)

50

been constructed with the ability to kill SGC7901
[4]
human gastric cancer cells . Despite the potency of
the MG7-Ag against cancer shown by previous studies,
MG7-Ag epitope peptides are much more widely used
in current gastric cancer vaccines, circumventing the
difficulty of isolating and purifying MG7-Ag directly
from tumor tissue. Moreover, a multi-repeat-epitope
is a well-defined strategy of vaccine construction for
enhancing the effect of immunization, which has also
[26]
been adopted in MG7-Ag epitope-based research .
Therefore, in this study, MG7-Ag mono-epitope and triepitope peptides were used as antigens and expected
to achieve specific antitumor effect. However, neither
MG1 nor MG3 alone had much impact on immunity
enhancement of BALB/c mice, displayed as a minimal
change of antibody titers, ADCC, CTL (in vivo), and
cytokine induction (in vitro) after antigen immunization.
MG1 and MG3 alone also could not efficiently inhibit
the growth of EAC tumor cells in vivo. These results
confirm the fact that tumor-related antigens, especially
epitopes, are often poorly immunogenic and do not
sufficiently activate immune cells for recognizing and
invading the tumor cells.
Several studies have demonstrated that conju
gations of TLR7 ligands and antigens trigger better
immunogenicity compared to noncoupled antigens
[27]
[28]
alone . Oh et al
showed that a TLR7 agonist-Ag
+
conjugate elicited CD8 T cell responses based on
the engagement of DC cross-presentation pathways.
Similarly, we used a promising small molecule
compound (T7) for the attachment to MG7-Ag in the
study of tumor immunotherapy. Chemical conjugation
of this agonist and mouse serum albumin resulted
in 10-100-fold potent cytokine production in vitro,
and significant delay in mortality in BALB/c mice
[29]
inoculated with influenza virus . When the compound
was conjugated to phospholipid and administered
systemically in mice, prolonged increases occurred
in the levels of proinflammatory cytokines. The
phospholipid-TLR7 agonist conjugate could be further
used as adjuvant during vaccination, which resulted
in the boost of both Th1 and Th2 antigen-specific
[12]
immune responses .
The data presented here showed that T7 improved the
innate immunity by rapid induction of inflammatory
mediators TNF-α and IL-12 in BMDCs and IFN-γ and
IL-12 in lymphocytes in vitro, while the conjugation
(T7-MG1 or T7-MG3) yielded more potent effects.
Cytokines produced following the activation of TLR7 can
stimulate the expression of costimulatory proteins for
optimum interactions between helper T, B, and antigen[9]
presenting cells . Therefore, covalent attachment of
T7 and MG7-Ag is critical for the induction of adaptive
immunity, including CTLs and antibodies. Indeed,
vaccination with T7-MG3 reduced the EAC tumor
burden in vivo, via eliciting cytotoxicity of T lymphocytes
and IgG antibodies that could specifically lyse cancer
cells. The results of the present study also showed that
the differences between T7-MG3 and PBS control in CTL
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Figure 6 Vaccines induced cytotoxic T cell responses. Lymphocytes
were separated from the spleens of mice immunized with vaccines or PBS
as control. Cytotoxic T lymphocyte activities were indicated by lysis of Ehrlich
ascites carcinoma (EAC) cells using the lactate dehydrogenase method. Data
are presented as mean ± SE (n = 5); bP < 0.01 vs control group; cP < 0.05 vs
T7+MG3 group. MG1: Monoclonal gastric cancer 7 antigen mono-epitope;
MG3: Monoclonal gastric cancer 7 antigen tri-epitope; T7: Toll-like receptor-7
agonist.

chemotherapy in combination with tumor-associated
lymphocytes or cytokine-induced killer cells than with
[16,17]
chemotherapy alone
. As for cancer vaccines,
nanoparticles with the melanoma-associated antigen
3 peptide show the ability to stimulate immune
responses in vivo and kill mouse fore-stomach
[18]
carcinoma cells . Vaccination with human vascular
endothelial growth factor receptors 1 and 2 combined
with chemotherapy is well tolerated and highly
[19]
effective in advanced or recurrent gastric cancer .
Occurrence of novel tumor antigen is one of the most
important immunologic characteristics of tumor cells.
So far, many tumor-associated antigens have been
explored and applied in the research of tumor vaccines
in order to elicit specific immune responses in the host,
either by themselves or after loading onto antigen
presenting cells. Sipuleucel-T, containing prostate
acid phosphatase antigen, is the first cell-based
immunotherapeutic vaccine approved by the Food
and Drug Administration for patients with metastatic
[20]
castration-resistant prostate cancer . Clinical data
have also shown that therapeutic cancer vaccine
targeting the MUC1 antigen is effective in non-small[21]
cell lung cancer patients .
MG7-Ag, first discovered in the KATO Ⅲ cell line,
is one kind of gastric cancer-associated antigen and
is expressed at a high level in the serum and tissue
[22]
of gastric cancer patients . Recently, it has been
investigated as a biomarker with high sensitivity and
[23]
specificity for gastric cancer diagnosis , and many
methods for MG7-Ag detection are being developed,
[24,25]
such as immunohistochemical stain and ELISA
.
It is worth noting that MG7-Ag has also been applied
in the development of tumor vaccines. Heterologous
prime-boost immunization with oral MG7-Ag DNA
vaccine induces significant immune response to gastric
[3]
cancer . A fusion protein containing MG7-Ag antibody
and superantigen staphylococcal enterotoxin B has
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the development of tumor vaccines, such as DNA and recombinant protein
vaccines. On the other hand, the applications of toll-like receptor (TLR) ligand
as an adjuvant in vaccine development are under intensive investigation,
against not only infectious diseases, but also malignant tumors.

activities were more noticeable than in antibody titers
and ADCC activities, implying that cellular immunity
made a greater contribution than humoral immunity to
the vaccination of T7-MG3.
Over the past decade, numerous studies have
been carried out concerning how to promote antigen
presentation for improving immune responses, such
as with heat shock proteins or bacterial toxins linked
[30]
to antigens . These strategies for DC uptake have
the disadvantage that immune suppression might
occur due to the antigenicity of the targeting device,
which could be avoided by the low intrinsic immunity
of small molecule T7. Meanwhile, no remarkable
effect of T7+MG1 or T7-MG1 was observed on either
the promotion of immunity or the reduction of tumor,
revealing the importance of multi-repeat-epitope
used for vaccine development. As for MG3, chemical
conjugation with T7 was more effective than simple
commixture when for vaccination of BALB/c mice,
especially on the induction of CTLs. Thus, based on
the existing reports and the results present here, it
is reasonable to suppose that covalent attachment
is a better method for the investigation of vaccines
than simple mixture, considering that distribution
and metabolism of T7 and antigen could be more
coincident systemically.
In conclusion, an effective tumor vaccine targeting
MG7-Ag has been constructed by chemical conjugation
of T7 with MG3. Its capacity was ascertained to generate
CTLs and ADCC-mediating antibodies recognizing MG7Ag and provide a therapeutic benefit in EAC tumorbearing mice. T7 could elicit the nonspecific antitumor
responses and strengthen the specific humoral and
cellular immune responses, which is imperative in
tumor vaccines due to the fact that tumor antigens
rarely possess immunogenicity. This concept of vaccine
construction can be further applied in other kinds of
tumors, either as single immunotherapy or combined
with other therapies.

Innovations and breakthroughs

In this study, the authors constructed tumor vaccines by covalent attachment
of MG7-Ag and a TLR7 agonist (T7). Conjugation of T7 with an MG7-Ag triepitope (T7-MG3) significantly increased the release of tumor necrosis factor-α
and interleukin (IL)-12 in bone marrow dendritic cells and interferon-γ and IL-12
in mouse lymphocytes in vitro. Immunization with T7-MG3 was efficacious in
reversing tolerance and generating therapeutic response in Ehrlich ascites
carcinoma-bearing mice, through enhancing specific humoral and cellular
immunity, which were displayed as higher antibody titers, antibody-dependent
cell-mediated cytotoxicity, cytotoxic T lymphocyte activity. Although a simple
commixture of T7 and MG3 was able to inhibit tumor growth in tumor-bearing
mice because of the immune enhancement, the effects of T7-MG3 were greater,
especially on the induction of cytotoxic T lymphocytes. However, vaccines with
an MG7-Ag mono-epitope showed no significant effect on either the promotion
of immunity or the reduction of tumor size.

Applications

This study demonstrated a successful way for the design of gastric cancer
vaccines by combined use of T7 and MG7-Ag, and the importance of multirepeat-epitopes and chemical conjugation. This concept of vaccine construction
can be further applied in other kinds of tumors, either as single immunotherapy
or combined with other therapies.

Terminology

MG7-Ag is a tumor-associated antigen with high specificity and selectivity,
whose expression in gastric mucosa is closely associated with high risk of
gastric atypical hyperplasia and malignant change. Among all kinds of TLR
ligands, the TLR7 agonist is the only choice of small molecule synthetic
compounds, which is more convenient to obtain than other ligands.

Peer-review

This study aims to develop a vaccine against gastric cancer by conjugating
multi-repeat epitopes of gastric cancer antigen MG7-Ag and TLR7 agonist.
The authors demonstrate that this conjugate elicits specific humoral, natural
killer, and cytotoxic T lymphocyte responses in mice and can reduce the tumor
burden. This paper is clearly presented and is of potential interest and clinical
relevance.
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Abstract

Institutional review board statement: All experiments were
approved by the Tongji Medical College Council’s Animal Care
Committee.

AIM: To investigate the therapeutic effects of lutein
against non-alcoholic fatty liver disease (NAFLD) and
the related underlying mechanism.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee at Tongji Medical
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METHODS: After 9 d of acclimation to a constant
temperature-controlled room (20 ℃-22 ℃) under 12

8061

July 14, 2015|Volume 21|Issue 26|

Qiu X et al . Ameliorative effect of lutein on NAFLD

h light/dark cycles, male Sprague-Darley rats were
randomly divided into two groups and fed a standard
commercial diet (n = 8) or a high-fat diet (HFD) (n
= 32) for 10 d. Animals receiving HFD were then
randomly divided into 4 groups and administered with
0, 12.5, 25, or 50 mg/kg (body weight) per day of
lutein for the next 45 d. At the end of the experiment,
the perinephric and abdominal adipose tissues of the
rats were isolated and weighed. Additionally, serum
and liver lipid metabolic condition parameters were
measured, and liver function and insulin resistance
state indexes were assessed. Liver samples were
collected and stained with hematoxylin eosin and Oil
Red O, and the expression of the key factors related to
insulin signaling and lipid metabolism in the liver were
detected using Western blot and real-time polymerase
chain reaction analyses.

Qiu X, Gao DH, Xiang X, Xiong YF, Zhu TS, Liu LG, Sun XF,
Hao LP. Ameliorative effects of lutein on non-alcoholic fatty liver
disease in rats. World J Gastroenterol 2015; 21(26): 8061-8072
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a pro
gressive pathological change in chronic liver diseases
[1]
caused by a disturbance in lipid metabolism . It is
the most common type of chronic liver disease in the
[2]
majority of developed countries , possibly due to
changes in dietary habits and the increase in sedentary
[3]
lifestyles . With the spread of the Western lifestyle
in developing countries, NAFLD is beginning to affect
[3]
more people . In Shanghai, Guangdong, and Hong
Kong (China), the prevalence of NAFLD has been
[4]
reported to be 17%, 15%, and 16%, respectively .
Therefore, it is important to find effective measures for
the control of NAFLD.
The protective effects of phytochemicals on chronic
diseases have received much attention from the
scientific community in recent decades. Lutein is one of
hundreds of known naturally oxygenated carotenoids,
and is abundantly present in vegetables, fruits, and
egg yolks. Lutein consists of a carbon chain with nine
conjugated dienes and a hydroxylated cyclic hexenyl
structure at each side; owing to its special chemical
structure, it has potential antioxidant properties. Over
a long period of time, lutein, as one of the major
pigments in the macula lutea on the retina, was found
to play a key role in preserving visual performance
[5]
because of its strong blue light filtering ability .
Recently, lutein has drawn increasing attention to its
function in chronic diseases other than oculopathy.
The disturbance of lipid metabolism and insulin
resistance has an important role in the pathophysiology
[1]
of NAFLD . While exploring the relationship between
serum lutein levels and lipid metabolism, some
epidemiological studies found that serum highdensity lipoprotein-cholesterol (HDL-C) was positively[6]
associated with serum lutein levels . Changes in
oxidized low density lipoprotein (oxLDL) levels were
[7]
inversely correlated with plasma lutein , and an
increase in BMI among the population was significantly
[8]
associated with low levels of serum lutein . Insulin
resistance was also found to be inversely related to
[9-11]
serum lutein levels
. To date, there have been very
few reports regarding the mechanism and effects of
lutein on NAFLD, or on the risk factors of NAFLD. A
limited number of researchers have suggested that
lutein supplementation may resolve oxidative stress
by reducing oxLDL, and that aortic malondialdehyde
(MDA) levels were induced by a high-fat diet (HFD)

RESULTS: Our data showed that after being fed a
high-fat diet for 10 d, the rats showed a significant
gain in body weight, energy efficiency, and serum total
cholesterol (TC) and triglyceride (TG) levels. Lutein
supplementation induced fat loss in rats fed a highfat diet, without influencing body weight or energy
efficiency, and decreased serum TC and hepatic TC and
TG levels. Moreover, lutein supplementation decreased
hepatic levels of lipid accumulation and glutamic
pyruvic transaminase content, and also improved insulin
sensitivity. Lutein administration also increased the
expression of key factors in hepatic insulin signaling,
such as insulin receptor substrate-2, phosphatidylinositol
3-kinase, and glucose transporter-2 at the gene and
protein levels. Furthermore, high-dose lutein increased
the expression of peroxisome proliferators activated
receptor-α and sirtuin 1, which are associated with lipid
metabolism and insulin signaling.
CONCLUSION: These results demonstrate that lutein
has positive effects on NAFLD via the modulation of
hepatic lipid accumulation and insulin resistance.
Key words: Lutein; Non-alcoholic fatty liver disease;
Insulin resistance; Sirtuin 1; Peroxisome proliferators
activated receptor-α
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lutein has potential positive effects on chronic
diseases. To date, no previous studies have reported
the regulatory effects of lutein on non-alcoholic fatty
liver disease (NAFLD). We observed that lutein has
positive effects on hepatic lipid accumulation, liver
function, and insulin resistance induced by a high-fat
diet, possibly via activation of the expression of sirtuin
1 and, subsequently, peroxisome proliferators activated
receptor-α, and other key factors in insulin signaling.
These findings provide a new prospect for preventing
NAFLD.
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[18]

(AIN-93G) diet , while the HFD consisted of 52.5%
standard diet, 20% sucrose, 15% lard, 9.5% casein,
1.7% calcium hydrogen phosphate, 1.1% cholesterol,
and 0.2% sodium cholate. The composition of each
th
diet is presented in Table 1. On the 10 day, serum
lipid levels were tested after an 8-h fast using blood
samples collected via the tail tip. The rats fed the
HFD were then divided into 4 groups based on total
cholesterol and administered 0, 12.5, 25, or 50 mg/kg
(body weight) per day lutein [gifted from InnoBio
CO (Dalian, China)]. Lutein was suspended in double
distilled water. All animals were administered lutein
suspension or water daily via gavage for the next 45 d.
Food intake was recorded every day and body weight
was monitored every three days. Energy efficiency was
calculated as weight gain (g) divided by energy intake
[19]
(kcal) during the feeding period .
At the end of experiment, rats were sacrificed
by decapitation. Perinephric and abdominal adipose
tissues were isolated and weighed. Serum and liver
samples were collected and stored at -80 ℃ for further
use.

Table 1 Composition of the experimental diets used in this
study (g/kg)
Experimental diet
Normal diet

High-fat diet

69.86
21.76
8.38
377.19

48.45
17.91
33.64
450.52

397.5
200.0
132.0
100.0
70.0
50.0
35.0
10.0
3.0
2.5
0.0
0.0
0.0
0.0
1000

208.7
200.0
69.3
252.5
36.8
26.2
18.4
5.3
1.6
1.3
150.0
11.0
17.0
2.0
1000

Carbohydrate (% of energy)
Protein (% of energy)
Fat (% of energy)
Energy (kcal/100 g)
Ingredient (g/kg)
Cornstarch
Casein
Dextrose
Sucrose
Soybean oil
Fiber
Mineral mix1
Vitamin mix1
L-Cystine
Choline bitartrate
Lard
Cholesterol
Calcium hydrogen phosphate
Sodium cholate
Total
1

Based on the AIN-93G vitamin and mineral mixes.

Assessment of lipid metabolic condition in liver and
serum

[12]

in guinea pigs , as well as decreased TG values in
[13]
wild-type mice . Therefore, it is critical to explore the
mechanism of lutein in NAFLD.
Sirtuin 1 (SIRT1) is reported to have therapeutic
potential in NAFLD and play a key role in insulin
[14]
sensitivity . SIRT1 regulates the expression of
peroxisome proliferators activated receptor (PPAR)-α,
[15,16]
a key factor in the regulation of lipid metabolism
.
However, to our knowledge, there are few studies
regarding the effect of lutein supplements on SIRT1
and PPAR-α.
Based on these findings, we established an NAFLD
[17]
model in rats fed a HFD
and supplied them with
different doses of lutein, with the aim to explore the
effect of lutein supplementation on NAFLD and to
investigate the involved mechanisms.

Liver samples were homogenized with 9 volumes
of isopropanol. After incubation at 4 ℃ for 48 h and
centrifugation at 3000 rpm for 15 min at 4 ℃, the
supernatant was carefully collected for analysis. TC,
TG, HDL-C, and LDL-C were measured using the
appropriate kit (Biosino Bio-technology and Science
Inc., Beijing, China) in an ELX800 microplate reader
(Bio-Tek). All procedures were performed according to
the manufacturer’s instructions.

Measurement of serum biomarkers for liver function

Serum glutamic pyruvic transaminase (GPT) was
measured using a kit (Mindray, Shenzhen, China) and
read in a Mindray BS-200 automatic biochemistry
analyzer (Shenzhen, China). The results are expressed
as units per liter (U/L).

MATERIALS AND METHODS

Lipids deposition in liver

Fresh samples from the same location of the liver
were divided into two parts. One part was frozen and
stained with Oil Red O. The other part was fixed in 4%
paraformaldehyde, embedded in paraffin, and stained
with hematoxylin and eosin (H&E) and examined
by microscopy. Quantification of lipid droplets (area
fraction) measured by Oil Red O staining in every group
was calculated using Image-Pro Plus 6.0 software.

Animal treatment protocol

Forty male Sprague-Dawley rats (100 ± 20 g),
obtained from Sino-British SIPPK/BK lab, Animal Co.,
Ltd (Shanghai, China), were maintained in a constant
temperature-controlled room (20 ℃-22 ℃) with
controlled lighting (12 h light/dark cycles). The animals
were cared for according to the guiding principles in
the Care and Use of Animals. All experiments were
approved by the Tongji Medical College Council’s Animal
Care Committee. Animals were randomly divided
into two groups after acclimation for 9 d. Then, one
group was fed a normal diet (ND) (n = 8), while the
other group was fed a HFD (n = 32) for 10 d to induce
lipid metabolism disturbance. The ND was prepared
based on the American Institute of Nutrition-93G

WJG|www.wjgnet.com

Determination of fasting glucose and insulin

Fasting glucose was determined directly by glucometer
(Abbott Diabetes Care Ltd) when the animals were
sacrificed. Fasting insulin was measured using an
insulin ELIZA kit (R&D system, United States), following
the manufacturer’s instructions. HOMA-IR = FIN ×
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Goettingen, Germany). β-actin served as an internal
control protein.

Table 2 Body weight of rats at different time points
Group

Weight (g)

ND
HFD

9d

19 d

201 ± 7.05
199 ± 7.59

254 ± 8.90
262 ± 15.09

Statistical analysis

All data are expressed as the mean ± SD. Statistical
analyses of the data were performed using the SPSS
12.0 software package (SN: 59245 46841 40655
89389 09859 21671 21957 29589 12). The statistical
significance of differences among groups was deter
mined by one-way analysis of variance, followed by
Student-Newman-Keuls multiple range test to deter
mine the statistical significance between the two groups.
The results were considered statistically significant at P
< 0.05.

Values represent the mean ± SD. After 9 d of acclimation, the rats were
randomly divided into the normal diet (ND) (n = 8) and high-fat diet (HFD)
(n = 32) groups. The rats in the HFD group were then fed a high-fat diet
for 10 d.

FPG/22.5, HOMA-β = 20 × FIN/(FPG-3.5).

Real-time polymerase chain reaction analysis

Total RNA was extracted from the liver using TRIzol®
reagent (Invitrogen, Carlsbad, CA, United States). To
quantify the expression of messenger RNA (mRNA), a
SYBR green-based qRT-PCR kit (TaKaRa BIO Inc., Dalian)
was used according to the manufacturer’s instructions
in a 7900HT instrument (Applied Biosystems, Forster,
CA, United States). The specificity of the product
was assessed from melting curve analysis. Gene
-ΔΔCt
expression was determined using the 2
method.
Gene expression of insulin receptor substrate-2 (IRS2)
(NM_001168633.1), phosphatidylinositol 3-kinase
(PI3K, NM_013005.1), and glucose transporter-2
(GLUT2) (NM_012879.2) was presented as fold change
relative to the normal control and normalized to β-actin
(NM_031144.3). The following forward and reverse
primers were used: IRS2, 5’-GGA GCT CTG TTA GCA
CCG TT-3’ and 5’-TCC AGT TCC GAG CTT GAG TG-3’,
PI3K, 5’-AGG AGC GGT ACA GCA AAG AC-3’ and 5’-CTG
CTG TCG ATG ATC TCG CT-3’, GLUT2, 5’-ACC AGC ACA
TAC GAC ACC AG-3’ and 5’-ACC ATT CCG CCT ACT GCA
AA-3’, and β-actin, 5’-CCC GCG AGT ACA ACC TTC TT-3’
and 5’-CGC AGC GAT ATC GTC ATC CA-3’.

RESULTS
HFD increased body weight, energy efficiency, and
serum TC and TG levels

After acclimation for 9 d, the weights of the ND and
HFD rats increased to 201 g and 199 g (Table 2). The
rats in the two groups were then fed a ND or HFD for
10 d, and the weights increased to 254 g and 262 g,
respectively (Table 2). The administration of the HFD
for 10 d caused significant elevations in weight (P <
0.01), energy efficiency (P < 0.05), and serum TC
(P < 0.01) and TG (P < 0.01) levels compared to the
control group (Figure 1). After dividing into 4 groups,
there was no significant difference in TG (Figure 2).

Effect of lutein supplementation on body weight, energy
efficiency, and adiposity in rats fed a HFD

After treating with lutein for 45 d, no significant
difference was observed in body weight gain or energy
efficiency compared with rats feed a HFD (Figure 3A
and B), but perinephric fat did decrease notably in
the HFD + Lut12.5 group (P < 0.05; Figure 3C) and
abdominal fat was reduced significantly after treatment
with any dose of lutein (P < 0.01 for 12.5 and 50 mg/
kg, P < 0.05 for 25 mg/kg; Figure 3D).

Western blotting

The liver tissue was homogenized and lysed in RIPA
Lysis Buffer (1% Triton X-100, 1% deoxycholate, 0.1%
SDS). Lysates containing equal protein amounts were
separated by 10% SDS-PAGE and transferred onto
polyvinylidene difluoride membranes. After blocking,
the membranes were incubated with one of the
following primary antibodies overnight at 4 ℃: IRS2
(Cell Signaling Technology; Cat. No. 3089), PI3K-P85
(Cell Signaling Technology; Cat. No. 4257), GLUT2
(Santa Cruz Biotechnology, Inc.; Cat. No. sc-9117),
PPAR-α (abcam; Cat. No. ab8934), SIRT1 (Santa Cruz
Biotechnology, Inc.; Cat. No. sc-15404), or β-actin
(Sigma; Cat. No. A1978). The membranes were then
incubated with secondary antibodies conjugated to
horse-radish peroxidase. Immunoreactive bands
were detected by means of an ECL plus Western
Blotting Detection System (Amersham Biosciences,
Little Chalford, United States), and the band densities
were measured using Gel Pro 3.0 software (Biometra,

WJG|www.wjgnet.com

Effect of lutein supplementation on lipid metabolism
and liver function

To evaluate the beneficial effect of lutein on lipid
metabolism and liver function, the related indices
were assessed. The level of TC in the ND group was
1.01 mmol/L and 1.88 mmol/L in the HFD group,
which was significantly higher (P < 0.01; Table 3).
However, in the HFD + Lut25 group, the level of TC
only reached 1.53 mmol/L, which was a significant
decrease from 1.88 mmol/L (P < 0.01; Table 3). Lutein
supplementation had a similar effect on hepatic TG
(Table 3). HFD feeding induced significant elevations
in hepatic TC levels, but down-regulated serum HDL-C
levels (P < 0.01; Table 3). These alterations were
significantly ameliorated by lutein administration
(serum HDL-C, P < 0.01 for 12.5 and 25 mg/kg;
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Figure 1 Changes in the basic physiological and biochemical responses of rats fed a high-fat diet. The normal diet (ND) group (n = 8) was fed a standard diet
and the high fat diet (HFD) group (n = 32) was fed a HFD for 10 d. The basic indicators included changes in body weight gain (A), energy efficiency (B), serum total
cholesterol (TC) (C), and triglyceride (TG) (D). aP < 0.05, bP < 0.01 vs ND group.

mentation mitigated hepatic steatosis, especially at
medium and high doses (P < 0.01; Figure 5).

4
b

b

b
b

TC (mmol/L)

3

Lutein improved insulin sensitivity in rats fed a HFD

To elucidate the regulatory effect of lutein on insulin
sensitivity, we detected the levels of fasting blood
glucose and fasting insulin. We found remarkable
increases in fasting blood glucose (P < 0.01) and
insulin (P < 0.05) in the HFD group compared to
the ND group. These elevations were significantly
ameliorated by lutein treatment (glucose, P < 0.05 for
12.5 and 50 mg/kg, P < 0.01 for 25 mg/kg; insulin, P
< 0.05 for 25 and 50 mg/kg, respectively). The HOMA
indexes showed that the HFD caused remarkable upregulation of HOMA-IR (P < 0.01) and partly downregulated HOMA-β compared to the ND group, while
lutein supplementation efficiently attenuated these
changes (P < 0.01 for 12.5, 25, and 50 mg/kg in
HOMA-IR; P < 0.05 for 25 mg/kg in HOMA-β; Figure 6).

2
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Figure 2 Levels of total cholesterol in rats divided into 4 groups. Rats
were fed with normal diet or a high fat diet for 10 d, and then the high fat
diet (HFD)-fed rats were divided randomly into four groups based on total
cholesterol. Data are expressed as the mean ± SD (n = 8). bP < 0.01 vs the
normal diet (ND) group.

Effects of lutein on mRNA abundance and protein
content of hepatic IRS2, PI3K, and GLUT2 in rats fed a
HFD

hepatic TC, P < 0.05 for 50 mg/kg; Table 3). Similarly,
lutein supplementation effectively reversed the
increased serum GPT levels caused by the HFD (P <
0.01; Figure 4).
Finally, we used H&E and Oil Red O staining of
the hepatic tissues to evaluate the extent of fat
accumulation. As expected, HFD feeding resulted in
severe hepatic lipid accumulation, characterized by
an increase in the number and size of accumulated
fat droplets in the hepatocytes, while lutein supple

WJG|www.wjgnet.com

Insulin regulates glucose homeostasis in the liver
through binding with its receptor, resulting in tyrosine
phosphorylation of IRS2 and activation of PI3K and
[20]
GLUT2 . To explore the effect of lutein on insulin
signaling, we detected the expressions of IRS2, PI3K,
and GLUT2 in the rat liver. As shown in Figure 7, the
mRNA and protein expression of the key factors in
insulin signaling were down-regulated markedly by
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Table 3 Effects of lutein on lipid metabolism in rats fed a high fat diet
Group

Serum (mmol/L)

ND
HFD
HFD + Lut12.5
HFD + Lut25
HFD + Lut50

Liver (μmol/g)

TC

TG

LDL-C

HDL-C

TC

TG

1.01 ± 0.15
1.88 ± 0.25b
1.95 ± 0.25
1.53 ± 0.23d
1.98 ± 0.24

0.55 ± 0.16
0.57 ± 0.17
0.45 ± 0.11
0.51 ± 0.12
0.45 ± 0.11

0.184 ± 0.134
0.566 ± 0.350a
0.515 ± 0.487
0.305 ± 0.224
0.712 ± 0.342

0.80 ± 0.09
0.59 ± 0.15b
0.88 ± 0.11d
0.80 ± 0.17d
0.70 ± 0.11

0.93 ± 0.06
1.65 ± 0.13b
1.74 ± 0.10
1.66 ± 0.15
1.53 ± 0.08c

2.14 ± 0.44
8.28 ± 1.40b
7.09 ± 1.00c
6.41 ± 0.97d
7.27 ± 1.14

Values represent the mean ± SD of n = 8 rats/group. Rats in the normal diet (ND) group were supplied with a standard diet for 55 d. Rats in the high fat
diet (HFD) group were fed a high fat diet for 10 d first, and then fed a high fat diet plus 0, 12.5, 25, or 50 mg/kg (body weight)/d lutein for 45 d. bP < 0.01
vs ND group, cP < 0.05, dP < 0.01 vs HFD group. TC: Total cholesterol; TG: Triglyceride; LDL-C: Low density lipoprotein-cholesterol; HDL-C: High density
lipoprotein-cholesterol.

Effects of lutein on protein content of hepatic PPAR-α
and SIRT1 in rats fed a HFD

HFD feeding (P < 0.05; Figure 7). After being supplied
with lutein for 45 d, mRNA and protein expression
were up-regulated, significantly so for PI3K and GLUT2
(P < 0.05; Figure 7B and C), indicating increased
insulin sensitivity.

WJG|www.wjgnet.com

To further explore the underlying mechanisms of lutein
in lipid metabolism, we detected the protein content of
hepatic PPAR-α, a key factor in the regulation of lipid
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[24]

the distribution of carotenoids to other tissues .
Therefore, we measured the mRNA and protein levels
of IRS2, PI3K-P85, and GLUT2 in hepatic insulin
signaling. As expected, the expression of these genes
was inhibited in rats fed a HFD, as described in other
[25-27]
studies
. However, lutein supplementation restored
the insulin signaling pathway.
A large body of evidence supports a complex
[28,29]
interaction between NAFLD and insulin resistance
.
Some studies have suggested that abdominal adipose
tissue has an important role in the development of
[30]
insulin resistance . Furthermore, visceral adipose
tissue (VAT), a harmful fat deposition, has been
considered to induce liver insulin resistance and further
[21,31]
induce systemic insulin resistance
. According to
our study, lutein supplementation for 45 d decreased
serum TC, HDL-C, and perinephric and abdominal
fat, as well as improve visceral fat deposition, without
significant effects on body weight or energy efficiency.
Moreover, lutein supplementation recovered liver
function by decreasing hepatic TG, TC, and serum GPT
levels effectively and improving lipid accumulation.
These results suggest that lutein supplementation plays
a potential role in preventing hepatic dyslipidemia and
insulin resistance. However, the underlying mechanism
is still unknown.
Some studies have demonstrated that PPAR-α
plays an important role in the regulation of hepatic
[15,32]
lipid metabolism
and that the inhibition of PPAR-α
[33]
might induce hepatic steatosis . Thus, we tested the
protein level of PPAR-α and found that HFD feeding
significantly inhibited the expression of PPAR-α, and
that lutein supplementation reversed such inhibition
effectively. Consistent with our results, some studies
have also found that lutein may be an inducer of PPAR
[34]
expression .
+
Meanwhile, SIRT1, a NAD -dependent deacetylase,
has been reported to be the upstream regulator of
[15]
PPAR-α , regulating lipid metabolism by activating
[35]
PPAR-α . However, some studies have suggested
that SIRT1 is involved in regulating hepatic insulin
[36]
[37]
signaling and preventing insulin resistance . When
we tested the protein content of hepatic SIRT1, as
expected, HFD feeding decreased the expression of
SIRT1, and lutein supplementation increased SIRT1
expression in a dose-dependent manner.
In our study, the number of rats chosen for real-time
polymerase chain reaction and Western blot analysis
was somewhat limited, and so, in future studies, we
would increase the sample size. In addition, the doses
of lutein need more consideration in future studies.
In summary, our findings suggest that lutein supple
mentation could ameliorate hepatic lipid accumulation
and insulin resistance induced by a HFD, possibly
via the activation of the expression of SIRT1 and,
subsequently, PPAR-α and other key factors in insulin
signaling. These findings provide a new prospect for
preventing NAFLD.
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Figure 4 Lutein influences glutamic pyruvic transaminase in rats fed a
high-fat diet. Rats were fed a high fat diet (HFD), except for the normal diet (ND)
group, and lutein was administrated at doses of 12.5, 25, or 50 mg/kg body
weight/d on the 10th day. Data are expressed as the mean ± SD (n = 8). aP <
0.05 vs the ND group, cP < 0.05, compared to the HFD group. bP < 0.01 vs ND
group, dP < 0.01 vs HFD group.
[15]

metabolism . As shown in Figure 8A, HFD feeding
inhibited PPAR-α protein accumulation, however lutein
supplementation reversed this phenotype, especially in
the high-dose group (P < 0.05). Meanwhile, the protein
[16]
levels of SIRT1, the upstream regulator of PPAR-α ,
decreased notably in the HFD group compared with
the ND group, and lutein supplementation ameliorated
the expression significantly in a dose-dependent
pattern in the high-dose group (P < 0.05; Figure 8B).

DISCUSSION
In this study, we provided evidence that lutein
supplementation could ameliorate insulin resistance
and hepatic lipid accumulation. We also found that
lutein supplementation augmented the mRNA and
protein levels of key molecules related to insulin
signaling which were suppressed by a HFD and the
expression of PPAR-α, which is a key factor in the
regulation of hepatic lipid metabolism. Furthermore,
we found that lutein supplementation restored the
expression of SIRT1, which regulates hepatic lipid
metabolism and insulin signaling. All of these results
suggest the beneficial effects of lutein on NAFLD.
According to the results of HOMA indexes, we
found that lutein supplementation could improve
insulin sensitivity. However, the process of insulinregulated glucose homeostasis depends on glucose
binding, as well as activating transmembrane insulin
[20]
receptors and downstream targets . The liver is one
[21,22]
of the major target organs for insulin signaling
,
and some studies suggest that IRS2 can compensate
IRS1 deficiency more effectively in liver and β-cells
[23]
than in muscle or adipose tissues . The liver is the
main storage organ for carotenoids and controls
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COMMENTS
Background

Non-alcoholic fatty liver disease (NAFLD) is the most common type of chronic
liver diseases in the majority of developed countries. With the spread of the
Western lifestyle in developing countries, NAFLD is beginning to affect more
people. Therefore, it is important to find effective measures for the control of
NAFLD. Lutein has been reported to have positive effects on lipid metabolism
and insulin resistance, which are two important roles in the pathophysiology of
NAFLD. However, there is only limited mechanistic research available regarding
the effects of lutein on NAFLD or its risk factors.

7

8

Research frontiers

Lutein is one of the hundreds of known naturally oxygenated carotenoids and
is abundantly present in vegetables, fruits, and egg yolks. Although, lutein has
been found to play a key role in improving visual performance because of its
strong blue light filtering ability, it has recently drawn increasing attention to its
function in chronic diseases other than oculopathy. In NAFLD, the research
hotspot is on ways to modulate lipid metabolism disturbance and insulin
resistance.

9

10

Innovations and breakthroughs

This study revealed that lutein has positive effects on NAFLD via the
modulation of hepatic lipid accumulation and insulin resistance, possibly via the
activation of the expression of sirtuin 1 (SIRT1) and, subsequently, peroxisome
proliferator activated receptor-α (PPAR-α). This study provides a new prospect
for preventing NAFLD.

11

Applications

12

NAFLD is beginning to affect more and more people around the world, possibly
due to changes in dietary habits and the increasing prevalence of sedentary
lifestyles. Therefore, it is important to develop good dietary habits to treat
NAFLD. The results from the present study suggest that lutein, which is
abundant in vegetables, fruits, and egg yolks, has potential positive effects on
NAFLD.

13

Terminology

NAFLD is a progressive pathological change in chronic liver disease caused
by the disturbance of lipid metabolism together with insulin resistance. The
major indexes of lipid metabolism are: total cholesterol, triglyceride, high
density lipoprotein-cholesterol, and low density lipoprotein-cholesterol. Glutamic
pyruvic transaminase plays an important role in liver function. The key factors
in the hepatic insulin signaling pathway are insulin receptor substrate-2,
phosphatidylinositol 3-kinase, and glucose transporter-2. PPAR-α is a key
factor in the regulation of lipid metabolism. SIRT1 is the upstream regulator of
PPAR-α.
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Peer-review

The authors evaluated the role of lutein supplementation on hepatic fat content
and insulin sensitivity in rats on a high fat diet. It is a well-designed and
thorough study showing promising results.
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Abstract

Institutional review board statement: The entire study was
carried out in strict accordance with protocols approved by the
Xi’an Jiaotong University Biomedical Ethics Committee (Ethics
Permit Number: 2014-0303).

AIM: To explore the anatomical feasibility of portacaval
shunt using a magnetic compression technique (MCT)
in cadavers.

Institutional animal care and use committee statement:
This study does not involve any animal experiments.

METHODS: Computed tomography (CT) images of
30 portal hypertensive patients were obtained. The
diameters of the portal vein (PV), the inferior vena cava
(IVC), and distance between the two structures were
measured. Similar measurements were performed on 20
adult corpses. The feasibility of portacaval shunt based
on those measurements was analyzed. First stage of the
extrahepatic portacaval shunt using MCT was performed
on five cadavers. Specifically, the PV and IVC were
exposed through an abdominal incision of the cadavers.
The parent magnet was introduced from the femoral
vein and was delivered into the IVC by an anchor wire
and a 5F Cook catheter. The daughter magnet was
introduced into the PV through the splenic vein using an
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interventional guide wire. When the daughter magnet
met the parent magnet, they automatically clipped
together and the first stage of the portacaval shunt was
set up.

technical and subject to postoperative complications.
Side-to-side portacaval shunt has a high incidence of
[2,3]
hepatic encephalopathy . H-graft portacaval shunt,
as a limited portacaval shunt, can effectively reduce
[4]
the incidence of hepatic encephalopathy . However,
it is also technically challenging and patients who
undergo the procedure must be put on long-term use
of anticoagulants.
The magnetic compression technique (MCT) exploits
the attraction between magnets to pull together an
area of ischemic necrosis and its surrounding tissue to
promote healing. The major advantages of the MCT
are that it is simple, minimally invasive and reliable.
[5,6]
Currently, MCT is applied in esophageal atresia ,
[7-12]
[13-19]
biliary stenosis
, vascular anastomosis
and
[20-27]
gastro-intestinal anastomosis
. Previously, we
applied Roux-en-Y choledochojejunostomy incorporating
[28]
MCT for obstructive jaundice in a canine model .
We also confirmed that magnetic rings could be used
for rapid vascular reconstruction in a canine liver
[19]
transplantation model .
We first reported the establishment of a portacaval
shunt using MCT in dogs, the significant advantage
of which is that no stent or any other foreign device
[29]
was installed . In the present study, we assessed
some anatomical parameters that might affect the
establishment of extrahepatic portacaval shunt using
MCT in humans, and performed five preliminary
cadaveric surgeries.

RESULTS: The average diameters of the PV and the
IVC measured from the 30 CT image were 14.39 ±
2.36 mm and 18.59 ± 4.97 mm, respectively, and the
maximum and minimum distances between the PV and
the IVC were 9.79 ± 4.56 mm and 9.50 ± 4.79 mm,
respectively. From 20 cadavers, the average diameters
of the PV and the IVC were 14.48 ± 1.47 mm and
24.71 ± 2.64 mm, and the maximum and minimum
distances between the PV and the IVC were 10.14
± 1.70 mm and 8.93 ± 1.17 mm, respectively. The
distances between the PV and the IVC from both the
CT images and the cadavers were within the effective
length of portacaval anastomosis using MCT (30.30 ±
4.19 mm). The PV and IVC are in close proximity to
each other with no intervening tissues or structures in
between. Simulated surgeries of the first stage using
MCT on five cadavers was successfully performed.
CONCLUSION: Anatomically, extrahepatic portacaval
shunt employing MCT is highly feasible in humans.
Key words: Portal vein; Inferior vena cava; Portacaval
shunt; Magnetic compression technique; Anatomy;
Cadaver
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: The portacaval shunt using magnetic com
pression technique (MCT) was first established by
our group in a canine model. Here, we assessed
its feasibility in humans by analyzing computed
tomography images and the anatomical parameters of
cadavers. The average diameters of the portal vein (PV),
the inferior vena cava (IVC) and the distances between
the PV and the IVC were all within the parameters
that allowed the setup of portacaval shunt using MCT.
Finally, first stage simulation of the portacaval shunt
was successfully set up in five cadavers. Our results
indicated that the portacaval shunt is highly feasible in
humans.

Ethical statement

The entire study was carried out in strict accordance
with protocols approved by the Xi’an Jiaotong University
Biomedical Ethics Committee (Ethics Permit Number:
2014-0303). The cadavers were obtained from the
Department of Anatomy, Health Science Center, Xi’an
Jiaotong University, Shaan Xi Province, China. Written
consent was obtained from the immediate family
members of the deceased for educational and scientific
research purposes. The format of the consent form is
in accordance with the guidelines of the China Organ
Donation Administrative Center.
The Xi’an Jiaotong University Biomedical Ethics
Committee approved the use of the computed tomo
graphy (CT) data collected from patients. The project
was explained to the patients. The privacy of the
patients in this study was strictly protected and only
age and CT data essential for the study were collected.

Yan XP, Liu WY, Ma J, Li JP, Lv Y. Extrahepatic portacaval shunt
via a magnetic compression technique: A cadaveric feasibility
study. World J Gastroenterol 2015; 21(26): 8073-8080 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i26/8073.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i26.8073

Human cadaver and gross anatomy

Twenty adult cadavers (14 male, 6 female) embalmed
with formaldehyde were obtained. Cadavers of people
with a history of abdominal surgery; abdominal tumor
that might change the anatomical location of portal vein
(PV) or inferior vena cava (IVC); diseases of PV or IVC
system; prolonged storage after death, or improper

INTRODUCTION
Surgical shunting is an important treatment option
[1]
for portal hypertension . The traditional, hand-sewn
surgical shunt currently used is time-consuming, highly
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Figure 1 Effective length of the portacaval anastomosis using the magnetic compression technique. A: When the origin of the portal vein (PV) branch is
below the lower edge of the caudate lobe, the effective length, L1, is the distance between the intersection of the splenic vein and the PV, here S, and the origin of the
PV branching, P. B: When the origin of the PV branch is higher than the lower edge of the caudate lobe, the effective length, L2, is the distance between S and the
lower edge of caudate lobe, C. The red arrow indicates the diameter of the inferior vena cava (IVC); the green arrow indicates the diameter of the PV; the black arrow
indicates the distance between the PV and the IVC.

handling that might interfere with the measurements
were excluded.
We first opened the abdomen of the cadaver and
assessed the abdominal organs, and verified the
absence of structural abnormalities or obvious lesions.
We then incised the hepatoduodenal ligament, blunt
dissected and observed the PV, IVC, common bile duct,
and hepatic proper artery. The lower boundary of the
effective area of portacaval anastomosis was defined
as the plane of the splenic-mesenteric confluence (S,
Figure 1). The upper boundary was defined as the
plane of PV bifurcation (P, Figure 1A) or the inferior
margin of the liver caudate lobe (C, Figure 1B). The
effective length of the portacaval anastomosis was
defined as the distance between S and P (L1, Figure
1A) or S and C (L2, Figure 1B). Twenty cadavers were
measured.

Nonferrous Metal Research, Xi’an, China; Figure 2).
The parent magnet was a semi-cylinder with round
ends, 15 mm L × 4 mm W × 3 mm H (Figure 2A-C).
The parent magnet was attached to a special anchor
wire, which was modified from a 2-0 prolene wire
(Ethicon; Johnson and Johnson, Somerville, NJ, United
States) by cutting off the suture needles from its ends.
The daughter magnet, without wire, has the same
dimensions as the parent magnet but with a longaxis paralleled foramen (diameter, 1.2 mm) inserted
through the center.
The parent magnet was introduced from the
femoral vein and delivered into the IVC by an anchor
wire and a 5F Cook catheter (Cook, Bloomington,
IN, United States). An interventional guide wire
was inserted through the foramen of the daughter
magnet. The daughter magnet was introduced into
the PV through the splenic vein using an interventional
guide wire (0.035 in; TERUMO, Japan) and a 5F Cook
catheter (Cook; Figure 2D).
The force of the parent and daughter magnet
was 6.8 N with 0-mm intermagnet separation and
magnetic density 2400 G. The weights of the parent
and daughter magnet were 0.80 g and 0.75 g,
respectively.

CT images of patients with portal hypertension

From 2012 to 2013, 30 adult patients with portal
hypertension underwent abdominal CT scans. All CT
studies were performed with a 16-slice CT scanner
(Somatom Sensation 16; Siemens, Germany).
Patients with a history of abdominal surgery, portal
venous system thrombosis, or other factors that might
lead to distinct anatomical changes of the PV or IVC
were excluded. The diameters of the PV and IVC at
the position of the splenic-mesenteric confluence (S,
Figure 1) and PV bifurcation (P, Figure 1A) or inferior
margin of the liver caudate lobe (C, Figure 1B) were
each measured as illustrated in Figure 1.

Shunt procedure

Shunt surgery was performed with reference to our
[29]
previous procedure . The PV and IVC were exposed
through an abdominal incision, and the splenic vein
and 15 mm of the right femoral vein were exposed.
The prolene wire affixed to the parent magnet was
inserted into a 5F Cook catheter, and the end of the
prolene wire was tightly drawn to ensure that the
parent magnet was fixed to the other end of the Cook
catheter. An incision was made at the right femoral

Magnetic device

Two neodymium (Nd-Fe-B) permanent magnets
(parent and daughter) were custom-manufactured
for vascular experimental use (Northwest Institute for
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Foramen
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Parent
magnet

Daughter
magnet

B

C

Guide wire

D

Figure 2 Magnetic compression system devices. A: Schematic of the parent and daughter magnets; B, C: The magnetic compression system devices; D: Guide
wire and catheter used to complete the operation.

vein. Then, through the incision, the parent magnet
was advanced to the target position on the IVC by the
5F Cook catheter.
A venotomy was performed on the splenic vein. An
interventional guide wire was inserted through the hole
of the daughter magnet. One end of the interventional
guide wire was introduced into the PV through the
incision on the splenic vein, and the other end was
inserted into a 5F Cook catheter and extended the
catheter. While the interventional guide wire was
maintained in the PV, the daughter magnet, guided by
the catheter, was moved to the target position of the
PV through the incision of the splenic vein.
After the daughter magnet met the parent magnet,
they automatically clipped together. The interventional
guide wire and catheter were then withdrawn from the
splenic vein and femoral vein. The first stage (steps
1-4) of the surgery was thus finished.
After a period of time (5-7 d in dogs), a RUPS-100
set with vascular sheath was navigated to the position
of the magnet in the IVC through the femoral vein.
Under X-ray guidance, the needle of the RUPS-100 set
was advanced slowly and smoothly along the outline
of the magnets and the magnets was detached from
the vascular wall. The magnets were pulled out of
the body by the wire fixed to the parent magnet. The

WJG|www.wjgnet.com

portal-IVC shunt was set up (Figure 3).
In this study, only the first stage shunt procedures
were performed on five cadavers.

Statistical analysis

The statistical methods of this study were reviewed
by Qian Li from First Affiliated Hospital, Xi’an Jiaotong
University. Data are expressed as mean ± SD. Gross
anatomy and CT scan data were analyzed using an
independent samples t-test. A P-value < 0.05 was
considered statistically significant. Data were analyzed
with SPSS 17.0 software.

RESULTS
In this cadaveric study, the IVC was at the rightposterior position of the PV; the hepatoduodenal
ligament, a small amount of connective tissue and
the retroperitoneum lay between them. The hepatic
proper artery was located at the left-inferior side of the
PV and the common bile duct was right anterior to the
PV (Figure 4). There was no important structure in the
effective area of the portacaval anastomosis.
From 30 CT imaging measurements, the average
diameters of the PV and the IVC in portal hypertensive
patients were 14.39 ± 2.36 mm and 18.59 ± 4.97 mm,
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A

B

C

D

Figure 3 Surgical protocol and procedures. A: The parent magnet was guided to the target position of the inferior vena cava (IVC) by the wire fixed to one end
and the catheter; B: The daughter magnet was advanced to the anastomosis position of the portal vein (PV) by the guide wire and catheter through the incision on the
splenic vein; C: Position of the magnets and the wire after the first surgery; D: The magnets were pulled out of the body by the wire fixed to the parent magnet and the
portal-IVC shunt was set up.

Table 1 Parameters of the portal vein and the inferior vena
cava from cadavers and computed tomography scan of portal
hypertension patients

Hepatic proper artery

CT scan

Common bile duct

Male, n
Female, n
Age, yr
Diameter of PV, mm
Diameter of IVC, mm
Interval space 1, mm4
Interval space 2, mm5
Effective length, mm

PV

IVC

17
13
50.2 ± 11.0
14.39 ± 2.36
17.17 ± 5.94
9.50 ± 4.79
9.79 ± 4.56
-

Cadaver

2

14
6
53.9 ± 10.7
14.48 ± 1.47
24.71 ± 2.64
10.14 ± 1.70
8.93 ± 1.17
30.30 ± 4.19

P value3

0.871
0.000
0.509
0.332
-

1

n = 30; 2n = 20; 3P value < 0.05 was considered significant; 4at the plane
of S; 5at the plane of P or C. PV: Portal vein; IVC: Inferior vena cava; CT:
Computed tomography.

Figure 4 Anatomy of portacaval anastomosis in a cadaver. The right
posterior wall of the portal vein (PV) faces the left anterior wall of the inferior
postcava. The common bile duct is at the right anterior of the PV. There is no
important tissue in the postcaval space.

The average diameters of the IVC determined
from CT image measurements and those from the
cadavers were significantly different (P = 0.000). The
cross sections of the IVCs were highly variable on CT
images: some were oval rather than round shaped.
In such cases, we measured the length and width of
the oval-shaped cross section and took the average as
the value of its diameter. However, this measurement
might not be accurate and could account for the
deviation between CT and cadaveric measurements.
Nevertheless, despite the discrepancy, the value of
the IVC diameter measured from CT images was still
within the parameters that allow the performance of

respectively (Table 1). The maximum and minimum
distances between the PV and the IVC were 9.79 ± 4.56
mm and 9.50 ± 4.79 mm, respectively (Table 1).
From 20 cadavers, the average diameters of the
PV and IVC were 14.48 ± 1.47 mm and 24.71 ±
2.64 mm, respectively (Table 1). The maximum and
minimum distances between the PV and the IVC were
10.14 ± 1.70 mm and 8.93 ± 1.17 mm , respectively
(Table 1). The distances between the PV and the
IVC from both the CT image analysis and that of the
cadavers are within the effective length of portacaval
anastomosis using MCT (30.30 ± 4.19 mm).
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portacaval anastomosis and would not be affected by
the procedure. The hepatic PV lies left-inferior to the
IVC; thus, when the parent and daughter magnets
join, the right-posterior wall of the hepatic PV and
the left-anterior wall of the IVC are compressed. Our
autopsies showed that the proper hepatic artery and
the bile duct are located left-inferior and right-inferior
of the hepatic PV, respectively. However, the simulation
procedure on the corpses confirmed that the magnets
hardly compress these two structures.
One prerequisite for the procedure is that the
distance between the PV and the IVC is within the
working range of the magnets. According to our
previous studies, the maximum distance that will allow
attraction between the magnets is 3.5 cm. However,
the ideal interval in experimental dogs was < 1.6
cm, because of the tension of the hepatic PV and the
IVC vessel. The mean minimum distance between
the hepatic PV and the IVC, based on measurements
in the 20 adult corpses, was 0.96 cm ± 0.17 cm.
Therefore, we assumed that the parent and daughter
magnets are also able overcome the resistance of the
blood vessels in the human body. We concluded that
the magnetic attraction is sufficient to pull the PV and
the IVC together.
[29]
In our previous study in dogs , the designed
magnet was 12 mm in length and 2.5 mm in width. In
humans, the diameter of the transjugular intrahepatic
portosystemic shunt (TIPS) stent and prosthetic
[1,4]
H-graft portacaval shunt is from 8 to 10 mm . In our
current study, the dimension of the magnet used was
15 mm × 4 mm × 3 mm. Our anatomical analysis
revealed that the dimension of the hepatic PV and the
IVC is sufficient to accommodate this size. Therefore,
we suggest that the optimum length of a magnet used
for a human portacaval shunt should be around 10 to
15 mm.
To better visualize the progress of the surgery,
we opened the cadavers’ abdomen in this study. We
reset the daughter magnet to the hepatic PV via the
splenic vein. However, it is highly feasible clinically to
implement minimally invasive surgery in humans by
introducing the daughter magnet to the hepatic PV via
the transjugular and transhepatic path.
Taken together, the results presented in the present
study addressed the three essential issues regarding
the feasibility of portacaval shunt with MCT in humans.
Based on our preliminary studies, the automatic
assembly of the magnets was the critical problem.
We emphasized the importance of a lack of previous
abdominal surgeries, because postoperative adhesion
might lead to extra resistance and impede attachment
of the magnets. In the procedure, once the magnets
had successfully clipped together, detachment was
unavailable under interventional guidance; thus, it was
crucial to hold still one magnet (the daughter one or
the parent one) at the suitable compressed spot till
the other one came for assembling. Also, during the

PV

Magnetic
compression zone
IVC

Figure 5 Compression of the walls of the portal vein and postcava
implemented through the attraction of the parent and daughter magnets
in a cadaver. The elliptical area circled in red indicates the effective zone of the
compression. No other vessel or bile duct was compressed. PV: Portal vein;
IVC: Inferior vena cava.

the operation. There were no significant differences
between the CT images and cadavers with regard
to the diameters of the PV or the distances between
the PV and the IVC (P > 0.005). This suggested that
measurements taken from CT images are mostly
reliable and close to the anatomical measurements.
The operation utilizing MCT was performed on five
adult cadavers successfully, without any unexpected
events. When the parent and daughter magnets each
reached their target positions, they automatically
joined and there was no damage to the proper hepatic
artery, common bile duct, or other important struc
tures because of the compression. More importantly,
the magnetism was maintained at the satisfactory
force and overcame the tension of the blood vessels
(Figure 5).

DISCUSSION
Although we previously verified the reliability, feasi
[29]
bility, safety and efficiency of MCT in dogs , three
essential issues remain to be resolved before it can
be applied in humans. Firstly, whether there are
intervening structures between the PV and the IVC
that will be compressed when the parent and daughter
magnets join. Secondly, whether the magnetic force
between the parent and daughter magnets is strong
enough to pull the two structures together. Thirdly,
whether human anatomical characteristics allow this
operation. The present study addressed all three of
these key issues.
[30]
Zirinsky et al
first proposed the concept of a
portacaval space, defining it as the gap between the
PV and the IVC. Many studies have shown that the
caudate lobe of the liver is generally in the upper
part of the portacaval space, and the portacaval
node, the portacaval vessels, and the cystic duct are
[31,32]
in the lower part of the portacaval space
. Our
anatomical analysis of 20 adult cadavers indicated
that these structures cannot interfere with the
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withdrawal of the magnets, it required the assistance
of a RUPS-100 needle to detach the device and the
risk of puncturing IVC should be avoided.
A limitation of this study is that we only performed
the first stage of the entire procedure. This is because
the second stage requires the formation of copious
fibrous connective tissue around the anastomosis,
which is impossible to simulate in cadavers. In
addition, the timing of the second surgery is crucial
to the success of MCT - if there is not enough time
remold, hemorrhage will be inevitable during the
second surgery. On the other hand, if the second
surgery is performed after a prolonged interval after
the first, the magnets will become embedded in the
adhesive tissues and will be difficult to remove. Based
on our experience, 7 d after the first surgery is the
optimum working window for the second surgery
in dogs. The optimum timeframe for portacaval
remolding in humans requires further study.
In conclusion, through preliminary trials on
cadavers we confirmed the anatomical feasibility of
implementing extrahepatic portacaval shunt using
magnetic compression in humans. However, this
pioneering technique requires further clinical validation.
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Abstract
AIM: To evaluate preventative effects of ischemic
preconditioning (IP) in a rat model of intestinal injury
induced by ischemia-reperfusion (IR).

Animal care and use statement: The animal protocol was
designed to minimize pain or discomfort to the animals. The
animals were acclimatized to laboratory conditions (23 ℃,
12h/12h light/dark cycle, 50% humidity, and ad libitum access
to food and water) for two weeks prior to experimentation. All
animals were euthanized by barbiturate overdose (150 mg/kg
pentobarbital sodium, i.v.) for tissue collection.

METHODS: Male Sprague-Dawley rats (250-300 g)
were fasted for 24 h with free access to water prior to
the operation. Eighteen rats were randomly divided into
three experimental groups: S group (n = 6), rats were
subjected to isolation of the superior mesenteric artery
(SMA) for 40 min, then the abdomen was closed; IR

Conflict-of-interest statement: The authors have no competing
interests.
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group (n = 6), rats were subjected to clamping the
SMA 40 min, and the abdomen was closed followed
by a 4-h reperfusion; IP group (n = 6) rats underwent
three cycles of 5 min ischemia and 5 min reperfusion,
then clamping of the SMA for 40 min, then the
abdomen was closed and a 4-h reperfusion followed. All
animals were euthanized by barbiturate overdose (150
mg/kg pentobarbital sodium, i.v.) for tissue collection,
and the SMA was isolated via median abdominal
incision. Intestinal histologic injury was observed.
Malondialdehyde (MDA), myeloperoxidase (MPO)
and tumor necrosis factor (TNF)-a concentrations in
intestinal tissue were measured. Intercellular adhesion
molecule (ICAM)-1 and vascular cell adhesion molecule
(VCAM)-1 expression, as well as nuclear factor (NF)κB activity and expression in intestinal tissue were also
determined.

injury.
Ji YY, Wang ZD, Wang SF, Wang BT, Yang ZA, Zhou XR, Lei
NN, Yue WN. Ischemic preconditioning ameliorates intestinal
injury induced by ischemia-reperfusion in rats. World J
Gastroenterol 2015; 21(26): 8081-8088 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i26/8081.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i26.8081

INTRODUCTION
The intestine is more sensitive to the injury induced by
[1]
ischemia-reperfusion (IR) than other internal organs .
Ischemia followed by reperfusion injury contributes
to a complex series of events, including nitric oxide
imbalance, neutrophil accumulation, cell apoptosis, and
activation of inflammatory mediators, causing cellular
[2,3]
and tissue damage . Intestinal IR injury, which can
been presented in several clinical settings such as
intestinal obstruction, hemorrhagic shock, intestinal
transplantation, and neonatal necrotizing enterocolitis,
may result in local and remote organ damage including
systemic inflammatory response syndromes and
[4]
multiple organ dysfunction syndrome .
Various methods with protective effects, such as
ischemic preconditioning (IP), pharmacologic treat
ment, and chemical agents, have been applied to
decrease intestinal IR injury. IP refers to a phenomenon
in which a tissue or organ is rendered resistant to the
deleterious effects of prolonged IR by prior exposure to
brief periods of vascular occlusion, displaying beneficial
effects locally and systemically, reducing mucosal
damage, neutrophil accumulation, cell apoptosis, and
activation of inflammatory mediators. IP was first
proposed as a possible therapeutic strategy in 1986 by
[5]
Murry et al , who showed it reduced infarct size in rat
[6]
heart. With respect to intestinal IP, Hotter et al first
reported the protection of IP from intestinal IR injury in
1996. Intestinal IP, repetitive brief periods of ischemia,
provides a way of protecting intestinal tissue from
damage inflicted by IR.
Intestinal IP has been widely investigated in
recent years, ameliorating neutrophil sequestration,
attenuating cell apoptosis, and decreasing inflam
matory mediator release such as tumor necrosis
[7-10]
factor (TNF)-a and interleukin-1
. However, the
protective mechanisms of intestinal IP remain poorly
understand. Therefore, the aim of this study was to
determine the effects of IP in a rat model of intestinal
IR by assessing histologic injury, oxygen-free radical
injury [malondialdehyde (MDA)], neutrophil infiltration
[myeloperoxidase (MPO)], inflammatory response
(TNF-a), expression of endothelial cell adhesion
molecules [intercellular adhesion molecule (ICAM)-1
and vascular cell adhesion molecule (VCAM)-1], and

RESULTS: Compared with the IR group, IP reduced
IR-induced histologic injury of the intestine in rats
(2.00 ± 0.71 vs 3.60 ± 0.84, P < 0.05). IP significantly
inhibited the increase in MDA content (5.6 ± 0.15
μmol/L vs 6.84 ± 0.18 μmol/L, P < 0.01), MPO activity
(0.13 ± 0.01 U/L vs 0.24 ± 0.01 U/L, P < 0.01), and
TNF-a levels (7.79 ± 2.35 pg/mL vs 10.87 ± 2.48 pg/mL, P
< 0.05) in the intestinal tissue of rats. IP also markedly
ameliorated the increase in ICAM-1 (204.67 ± 53.27
vs 353.33 ± 45.19, P < 0.05) and VCAM-1 (256.67 ±
58.59 vs 377.33 ± 41.42, P < 0.05) protein expression
in the intestinal tissues. Additionally, IP remarkably
decreased NF-κB activity (0.48 ± 0.16 vs 0.76 ± 0.22,
P < 0.05) and protein expression (320.23 ± 38.16 vs
520.76 ± 40.53, P < 0.01) in rat intestinal tissue.
CONCLUSION: IP may protect against IR-induced
intestinal injury by attenuation of the neutrophilendothelial adhesion cascade via reducing ICAM-1
and VCAM-1 expression and TNF-a-induced NF-κB
signaling pathway activity.
Key words: Intercellular adhesion molecule; Ischemiareperfusion; Ischemic preconditioning; Nuclear factorκB; Tumor necrosis factor-a
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although intestinal ischemic preconditioning
(IP) triggers powerful protective effects, particularly
in surgical ischemic operation and transplantation,
mechanisms by which IP alleviates intestinal injury
remain to be elucidated. The present study found that
IP protects against intestinal ischemia-reperfusioninduced injury by reducing intercellular adhesion mole
cule-1 and vascular cell adhesion molecule-1 expression,
and tumor necrosis factor-a-induced nuclear factorκB signaling pathway activity. The results suggest that
intestinal IP may be clinically useful in the future to treat
patients with intestinal ischemia-reperfusion-induced
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nuclear factor (NF)-κB activity and expression.

were homogenized in 50 mmol/L potassium phosphate
buffer containing 0.5% hexadecyltrimethyl ammonium
bromide (pH 6). The intestinal homogenates were
centrifuged at 12500 g at 4 ℃ for 10 min. The
supernatants were collected and reacted with 0.167 g/L
o-dianisidine dihydrochloride, following 0.0005% H2O2
in 50 mmol/L phosphate buffer. Finally, the absorbance
was determined spectrophotometrically at 460 nm.

MATERIALS AND METHODS
Animals

All animal experiments were carried out in accordance
with the Animal Care Committee of Xi’an Jiaotong
University, China. Eighteen male Sprague-Dawley rats
(250-300 g) were purchased from the animal center of
Xi’an Jiaotong University and housed under pathogenfree conditions. The animal protocol was designed
to minimize pain or discomfort to the animals. The
animals were acclimatized to laboratory conditions
(23 ℃, 12 h/12 h light/dark cycle, 50% humidity,
ad libitum access to food and water) for 2 wk prior
to experimentation. Animals were fasted 24 h and
with free access to water prior to the operation. All
animals were euthanized by barbiturate overdose (150
mg/kg pentobarbital sodium, i.v.) for tissue collection
following isolation of the superior mesenteric artery
(SMA) via median abdominal incision, as previously
[4]
described .

Detection of TNF-a levels in intestine

A 1.0-cm segment intestinal tissue (from 5 cm of the
terminal ileum) was harvested from each rat and frozen.
Frozen tissues were homogenized and centrifuged at
1500 g for 15 min. Supernatants were transferred into
fresh tubes for detection of TNF-a, determined using
ELISA kits (R&D Systems, Minneapolis, MN, United
States) according to manufacturer’s procedure. The
absorbance was read at 450 nm by a microplate reader
(Biotek Instruments, CA, United States). The results are
expressed as pg/mL.

Histopathologic examination of intestinal injury

A 1.0-cm segment of intestinal tissue (from 5 cm of
the terminal ileum) was harvested from each rat and
fixed in 10% formaldehyde. The tissues were paraffinembedded and then stained with hematoxylin and
eosin for light microscopy. Intestinal mucosal damage
was evaluated by three expert investigators blinded to
the experimental groups using the criteria of Chiu et
[11]
al . A score scaled at 0 to 5 represents the severity:
0, normal mucosa villi; 1, development of subepithelial
Gruenhagen’s space at the tip of villus; 2, extension of
the subepithelial space with moderate epithelial lifting;
3, large epithelial lifting, possibly with a few denuded
villi; 4, denuded villi with lamina propria and exposed
capillaries; 5, disintegration of the lamina propria,
ulceration, and hemorrhage.

Experimental design

The study was reviewed and approved by the
Institutional Review Board of Xi’an Jiaotong University.
Animals were randomly assigned to one of three
groups: S group (n = 6), rats were subjected to
isolation of the SMA for 40 min, then the abdomen
was closed; IR group (n = 6), rats were subjected to
clamping of the SMA for 40 min, and the abdomen
was closed followed by a 4-h reperfusion; IP group (n
= 6), rats underwent three cycles of 5 min ischemia
and 5 min reperfusion, then clamping of the SMA for
40 min, then the abdomen was closed, followed by a
[4]
4-h reperfusion, as previously described .

Assessment of MDA level in intestine

NF-κ B activity assay

Intestinal tissues (1.0-cm segments from 5 cm of the
terminal ileum) were harvested, frozen immediately,
and stored at -80 ℃ until assessment. A homogenate
of 10% (w/v) was prepared. MDA level in intestinal
tissues was determined by an MDA detection kit
(Nanjing JianCheng Bioengineering Institute, Nanjing,
China) following the colorimetric method provided
by the manufacturer. The optical densities were
read using a spectrophotometer at an absorbance of
532 nm. The results are expressed as μmol/L. Each
sample was analyzed in duplicate and the results were
averaged.

NF-κB (p65) DNA-binding activity in the intestinal
homogenate was tested using a commercial kit. The
assay uses a 96-well plate coated with oligonucleotides
containing the NF-κB-binding site. Activated NF-κB
binds to the oligonucleotides and is tested by a specific
antibody. The amount of active NF-κB was determined
using a microplate reader (Biotek Instruments).

Western blot analysis

Protein samples (20 μg) were loaded onto SDS-PAGE
gels and transferred onto a polyvinylidene difluoride
membrane pretreated with 100% methanol (BioRad Laboratories, Hercules, CA, United States). The
membranes were blocked with 5% nonfat dry milk in
Tris-buffered saline containing 0.1% Tween 20, and
then rat monoclonal anti-ICAM-1 (1:500), VCAM-1
(1:500), and NF-κB (p65) (1:400) antibodies (Santa
Cruz Biotechnology, Inc., Dallas, TX, United States)
were added to the supernatant and the mixture was
incubated on a rotating wheel at 4 ℃ overnight;

Determination of MPO activity in intestine

At the end of experiments, a 1.0-cm segment of
intestinal tissue (from 5 cm of the terminal ileum) was
harvested from each rat, frozen immediately, and stored
at -80 ℃ until assessment. MPO, a mark of neutrophil
accumulation and activation, was tested using a
commercial assay kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). In brief, the intestinal tissues
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Figure 1 Intestinal tissue malondialdehyde, myeloperoxidase and tumor necrosis factor-a levels in rats. A: Malondialdehyde; B: Myeloperoxidase (MPO); and
C: Tumor necrosis factor (TNF)-a levels in intestinal tissue. Data are presented as mean ± SD (n = 6). aP < 0.01 vs S group; bP < 0.01 vs IR group. S: Sham group;
IP: Ischemic-preconditioning group; IR: Ischemia-reperfusion group.

β-actin (1:400) was used as a loading control. On
the second day, membranes were washed with the
same three times and incubated with a secondary
antibody conjugated to horseradish peroxidase
(1:2000; Santa Cruz Biotechnology, Inc.) for 1 h at
room temperature, and the light signals were detected
by X-ray film. Optical densities of the bands were
scanned and quantified with the Syngene Gene Tools
(Syngene Corp., Cambridge, United Kingdom). Three
independent experiments were carried out to study
protein expressions.

μmol/L vs 6.84 ± 0.18 μmol/L, P < 0.01).

Intestinal IP decreases MPO level

We next evaluated whether IP decreases aggregation
and adhesion of neutrophils in intestinal tissue. In
this study, we tested intestinal MPO as marker of
aggregation and adhesion of neutrophils. As shown in
Figure 1B, MPO levels in the IR group were significantly
increased compared to the S group (0.24 ± 0.01
U/L vs 0.06 ± 0.00 U/L, P < 0.01). IP significantly
decreased MPO levels compared to the IR group (0.13
± 0.01 U/L vs 0.24 ± 0.01 U/L, P < 0.01).

Statistical analysis

Intestinal IP suppresses TNF-a levels

Data are expressed as mean ± SD, and were analyzed
by analyses of variance followed by Tukey's post hoc
tests (Prism 5; GraphPad Software, Inc., La Jolla, CA,
United States). Differences were considered significant
when P < 0.05.

We then measured whether IP suppresses levels of
proinflammatory molecules in intestinal tissue by
measuring TNF-a. As shown in Figure 1C, intestinal
tissue TNF-a levels in the IR group were significantly
increased compared to the S group (10.87 ± 2.48 pg/
mL vs 1.37 ± 0.21 pg/mL, P < 0.01). IP significantly
decreased TNF-a levels compared to the IR group (7.79
± 2.35 pg/mL vs 10.87 ± 2.48 pg/mL, P < 0.05).

RESULTS
Intestinal IP attenuates MDA level

We examined whether IP attenuates intestinal tissue
injury in rats. In this study, we characterized intestinal
tissue injury using MDA levels tested 4 h after intestinal
IP or IR. As shown in Figure 1A, intestinal tissue MDA
levels in the IR group were significantly increased
compared to the S group (6.84 ± 0.18 μmol/L vs 2.13
± 0.11 μmol/L, P < 0.01). IP significantly decreased
MDA levels compared to the IR group (5.6 ± 0.15
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Intestinal IP attenuates intestinal tissue injury

We next investigated whether IP attenuates intestinal
tissue injury assessed using the criteria of Chiu et
[11]
al . As shown in Figure 2, intestinal tissue injury in
the IR group was significantly increased compared to
the S group (3.60 ± 0.84 vs 0.40 ± 0.55, P < 0.01).
IP significantly decreased intestinal tissue injury
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Figure 2 Morphologic changes in rat intestinal tissue. A: Representative morphologic pictures of intestinal tissues (hematoxylin-eosin staining; × 400
magnification); B: Intestinal injury scores in rats. Data are presented as mean ± SD (n = 6). aP < 0.01 vs S group; cP < 0.05 vs IR group. S: Sham group; IP: Ischemicpreconditioning group; IR: Ischemia-reperfusion group.
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expression of intercellular adhesion molecules in
intestinal tissue. As shown in Figure 3, ICAM-1
expression in the IR group was significantly increased
compared to the S group (353.33 ± 45.19 vs 100.00
± 25.00, P < 0.01). IP significantly decreased ICAM-1
protein expression compared to the IR group (204.67
± 53.27 vs 353.33 ± 45.19, P < 0.05). Intestinal
tissue VCAM-1 protein expression in the IR group
was significantly increased compared to the S group
(377.33 ± 41.42 vs 107.00 ± 15.72, P < 0.01). IP
significantly decreased the expression of VCAM-1
compared to the IR group (256.67 ± 58.59 vs 377.33
± 41.42, P < 0.05).
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We next tested whether IP reduces the translocation
of nuclear factors in intestinal tissue by measuring
intestinal NF-κB activity and protein expression. As
shown in Figure 4A, NF-κB activity in the IR group was
significantly enhanced compared to the S group (0.76
± 0.22 vs 0.26 ± 0.10, P < 0.01). IP dramatically
decreased intestinal tissue NF-κB activity compared to
the IR group (0.48 ± 0.16 vs 0.76 ± 0.22, P < 0.05).
As shown in Figure 4B, intestinal tissue NF-κB protein
expression in the IR group was significantly increased
compared to the S group (320.23 ± 38.16 vs 100.03
± 20.00, P < 0.01). IP dramatically decreased NF-κB
expression compared to the IR group (320.23 ± 38.16

Figure 3 Protein expression of intercellular adhesion molecule-1
and vascular cell adhesion molecule-1 in rat intestinal tissue. Protein
expression was measured by Western blot. Data are presented as mean ± SD (n
= 6). aP < 0.01 vs S group; cP < 0.05 vs IR group. S: Sham group; IP: Ischemicpreconditioning group; IR: Ischemia-reperfusion group; ICAM: Intercellular
adhesion molecule; VCAM: Vascular cell adhesion molecule.

compared to the IR group (2.00 ± 0.71 vs 3.60 ± 0.84,
P < 0.05).

Intestinal IP reduces ICAM-1 and VCAM-1 expression

We next determined whether IP reduces the protein
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NF-kB activity in intestinal
tissue of rats (OD/mg)

A

and alleviates apoptosis in IR-caused lung injury in
[4]
rats . As serum MDA, MPO, and TNF-a levels in rats
were tested, we further examined the levels of these
proteins in intestinal tissue. The results presented here
show that IP reduces intestinal injury induced by IR,
observed as attenuated histologic injury and MDA,
MPO, and TNF-a levels in the intestine, and suppressed
expression of ICAM-1 and VCAM-1, along with reduced
activity and expression of NF-κB activity.
Neutrophils are a critical component of the inflam
[18,19]
matory response that characterizes intestinal IR
.
Activated neutrophils, which infiltrate the intestine
during IR, produce inflammatory mediators, including
TNF-a, ICAM-1, and VCAM-1, in the development of
intestinal IR by releasing neutrophil proteases and
reactive oxygen species, and sequestering polymor
phonuclear neutrophils (PMNs) into ischemic intestinal
[20-22]
tissue
.
Depletion or inhibition of PMNs decreases intestinal
[23]
tissue injury in IR . PMNs can aggregate together
leading to a “no flow” phenomenon in ischemic tissue
[10]
after reperfusion . Moreover, PMNs could contribute
to vasoconstriction and decreased blood flow via
[24]
the release of potent cytotoxic cytokines . In the
present study, intestinal IR significantly induced
infiltration of neutrophils or PMNs, as observed as and
increased MPO level. Intestinal IP effectively decreased
infiltration of neutrophils or PMNs, shown by decreased
MPO levels. This suggests that IP attenuates infiltration
of neutrophils or PMNs in intestinal IR induced injury.
TNF-a is a cell-signaling protein associated with
systemic inflammation and is one of the cytokines
that make up the acute-phase reaction. It is produced
mainly by activated macrophages, neutrophils, and
natural killer cells. The primary role of TNF-a is in
the regulation of immune cells, and disruption of its
[25,26]
production has been implicated in IR
. Moreover,
TNF-a is a potent chemoattractant for neutrophils,
and promotes the expression of adhesion molecules
on endothelial cells, helping neutrophils migrate into
[27]
tissue .
Intestinal injury induced by IR is thought to result
from intestine-derived TNF-a. Moreover, TNF-a could
upregulate neutrophil adhesion molecules in the
intestine, particularly ICAM-1, which then plays a vital
[28,29]
role in the influx of neutrophils in intestinal tissue
.
In this study, intestinal IR induced TNF-a production,
as observed as increased TNF-a levels, which were
significantly reduced by intestinal IP.
Accumulating evidence demonstrates that
leukocyte-endothelial adhesion is mediated by cell
adhesion molecules on vascular endothelial cells and
[30,31]
counterpart ligands on leukocytes, especially in IR
.
ICAM-1 and VCAM-1 expressed on these cells are
central for the adherence of neutrophils and monocytes
[32]
to the endothelium . Their expression is also induced
by proinflammatory stimuli such as TNF-a. After
intestinal IR, increased TNF-a levels in the intestinal
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Figure 4 Nuclear factor-κB activity and protein expression in rat intestinal
tissue. A: Nuclear factor (NF)-κB activity was tested by a commercial kit; B:
NF-κB protein expression was analyzed by Western blot. Data are presented
as mean ± SD (n = 6). aP < 0.01 vs S group; bP < 0.01, cP < 0.05 vs IR group.
S: Sham group; IP: Ischemic-preconditioning group; IR: Ischemia-reperfusion
group.

vs 520.76 ± 40.53, P < 0.01).

DISCUSSION
Prolonged IR rapidly causes substantial and irreversible
intestinal tissue damage. Although restoration of blood
flow to intestinal ischemic tissue is critical for tissue
salvage, reperfusion also introduces inflammatory
[12]
changes that exacerbate injury . IP is a simple
procedure conferring cytoprotection in critical organs
[13,14]
that has clinical applications
. Although intestinal
IP triggers powerful protective effects mechanisms
by which it alleviates intestinal injury remain to be
elucidated.
[6]
Hotter et al demonstrated the protective benefits
of IP against intestinal IR injury. IP also attenuates
intestinal IR injury in a canine bowel transplantation
[15]
model by decreasing oxidative stress . Moreover,
IP protects against intestinal IR injury via the mast
cell degranulation-mediated release of mast cell
[1]
carboxypeptidase A . Furthermore, IP attenuates
intestinal IR injury via actions in several signaling
[16]
pathways, including suppression of heme oxygenase
[17]
and modulation of the arachidonic acid cascade .
Our previous study showed that intestinal IP
attenuates the capacity of antioxygen-free radicals,
inhibits the release of proinflammatory cytokines,
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tissue likely contributed to a mediator cascade, leading
to neutrophil infiltration and the observed increases in
ICAM-1 and VCAM-1 expression. Moreover, intestinal
IP significantly decreased their expression. These data
indicate that IP inhibits TNF-a production, and reduces
ICAM-1 and VCAM-1 expression in an intestinal IRinduced acute inflammation reaction.
NF-κB is a critical transcription factor and is activated
in intestinal IR, playing a key role in inflammatory
[32]
responses . Activation of NF-κB induces expression
of multiple inflammation-related products, such as
chemokines, cytokines, and adhesion molecules.
Increased concentrations of these inflammatory
proteins may result in intestinal injury. In general, NFκB is composed of two polypeptides, a 50-kDa peptide
(p50) and a 65-kDa peptide (p65). NF-κB is activated
by a variety of signals associated with the etiology and
pathophysiology of inflammation, including intracellular
and/or extracellular stimuli such as TNF-a. Importantly,
nuclear translocation of NF-κB (p65) allows it to bind to
target promoter regions, including binding sites within
[33]
the promoters for ICAM-1 and VCAM-1 . The data
presented here indicate that intestinal IP significantly
reduces TNF-a-induced activation and nuclear trans
location of NF-κB as a molecular mechanism for
protection against intestinal IR-induced injury.
The clinical application of IP involves a simple,
safe, and tolerable procedure, with wide-ranging
immunomodulatory effects. Recently, a randomized
controlled trial showed that remote IP powerfully
counteracts the injury to the intestinal mucosa caused
by a period of ischemia and subsequent reperfusion
during elective open infrarenal abdominal aortic
[13]
aneurysm repair . Although intestinal protection
with IP is a reproducible and powerful phenomenon, it
has not been readily translated to routine clinical use.
Therefore, more clinical trials are needed to further
investigate intestinal IP use during gastrointestinal
surgeries.
Taken together, IP protects against intestinal IRinduced injury potentially by attenuating a neutrophilendothelial adhesion cascade. The mechanism involves
reducing ICAM-1 and VCAM-1 expression and TNF-ainduced NF-κB signaling pathway activity. The present
study provides an insight into the cytoprotection of
intestinal IP-reduced IR. These findings further support
our contention that intestinal IP may be clinically useful
in the future to treat patients at risk for intestinal IRinduced injury.

Although intestinal IP triggers a powerful protective effect, particularly in
surgical ischemic operation and transplantation, mechanisms by which IP
alleviates intestinal injury remain to be elucidated. The current research hotspot
is to determine the effects of IP in a rat model of intestinal IR by analyzing data
such as histologic injury, oxygen-free radical injury, neutrophil infiltration, levels
of TNF-a, endothelial cell adhesion molecules expression, and nuclear factor
(NF)-κB activity and expression.

Innovations and breakthroughs

IP protects against intestinal IR-induced injury potentially by attenuating the
neutrophil-endothelial adhesion cascade via reducing expression of intercellular
adhesion molecule-1 and vascular cell adhesion molecule-1 and TNF-ainduced NF-κB signaling pathway activity. The present study provides an
insight into the cytoprotection of intestinal IP-reduced IR.

Applications

The study results suggest that intestinal IP may be clinically useful in the future
to treat patients at risk for intestinal IR-induced injury.

Terminology

IR is a process of ischemia followed by reperfusion injury, which contributes
to a complex series of events, including nitric oxide imbalance, neutrophil
accumulation, cell apoptosis, and activation of inflammatory mediators, thus
causing cellular and tissue damage. IP refers to a phenomenon in which
a tissue or organ is rendered resistant to these deleterious effects by prior
exposure to brief periods of vascular occlusion.

Peer-review

Intestinal IP has been widely investigated in recent years, however, the
protective mechanisms of intestinal IP remain poorly understand. The results of
this well-designed study suggest that IP protects against IR-induced intestinal
injury by attenuating of neutrophil-endothelial adhesion cascade via reducing
expression of endothelial cell adhesion molecules (intercellular adhesion
molecule-1 and vascular cell adhesion molecule-1) and TNF-a-induced NF-κB
signaling pathway activity.
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Basic Study

Liuweiwuling tablets attenuate acetaminophen-induced
acute liver injury and promote liver regeneration in mice
Yan-Chang Lei, Wen Li, Pan Luo

Abstract

Yan-Chang Lei, Department of Infectious Diseases, Zhejiang
Hospital, Hangzhou 310013, Zhejiang Province, China

AIM: To explore the mechanism of protection against
acetaminophen-induced acute liver injury by Liuwei
wuling tablets.

Wen Li, Pan Luo, Infectious Diseases Hospital of Nanchang
University, Nanchang 330006, Jiangxi Province, China
Author contributions: Lei YC designed this research; Lei YC,
Li W and Luo P performed this research and analyzed the data;
and Lei YC wrote the paper.

METHODS: Intraperitoneal injections of acetamino
phen (250 mg/kg) were used to induce acute liver
injury in male C57BL/6 mice. A total of 24 healthy
mice were randomly assigned to two groups: an acute
liver injury group (control group) and a Liuweiwuling
tablet group. Mice were given Liuweiwuling tablets or
a vehicle (PBS) orally prior to the administration of
acetaminophen. Serum alanine aminotransferase (ALT)
and aspartate aminotransaminase (AST) levels were
measured at different time points within one week,
and pathological examinations of liver tissues were
performed 36 h after induction of acute liver injury.
Serum inflammatory cytokines, such as high mobility
group box protein B1 (HMGB1), tumor necrosis factor
(TNF)-α and interleukin IL-1b, were detected using
an ELISA method according to the manufacturer’s in
structions. Hepatic morphological changes at 36 h
were assessed by hematoxylin and eosin staining.
Expression of proliferating cell nuclear antigen (PCNA)
in liver tissue was determined by Western blot analysis.
The mRNA levels of hepatocyte proliferation markers
(PCNA, CyclinD1 and p21) were detected by real-time
quantitative reverse transcription-polymerase chain
reaction.
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RESULTS: The levels of ALT/AST in the Liuweiwuling
tablet group were decreased significantly at 6, 12 and
24 h compared to that of the control group (654.38
± 120.87 vs 1566.17 ± 421.64, 1154.18 ± 477.72 vs
4654.84 ± 913.71 and 935.13 ± 252.34 vs 4553.75 ±
727.37, P < 0.01). Serum HMGB1 levels at 6 and 12
h for the Liuweiwuling tablet group were significantly
lower than those of the control group (23.49 ± 3.89 vs

Received: November 30, 2014
Peer-review started: November 30, 2014
First decision: January 8, 2015
Revised: February 4, 2015
Accepted: March 30, 2015
Article in press: March 31, 2015
Published online: July 14, 2015

WJG|www.wjgnet.com

8089

July 14, 2015|Volume 21|Issue 26|

Lei YC et al . Liuweiwuling tablets attenuate acute liver injury

58.6 ± 3.65, 61.62 ± 13.07 vs 27.32 ± 5.97, P < 0.01).
Furthermore, serum TNF-α and IL-1b levels at 12 h in
the Liuweiwuling tablet group were also significantly
lower than those of the control group (299.35 ± 50.61
vs 439.03 ± 63.59, 57.42 ± 12.98 vs 160.07 ± 49.87,
P < 0.01). Centrilobular necrosis was evident in liver
tissue of mice with acetaminophen-induced acute liver
injury, but was almost abolished in the Liuweiwuling
tablet group. The expression levels of PCNA and
CyclinD1 were up-regulated in liver tissue in the
Liuweiwuling tablet group (321.08 ± 32.87 vs 157.91
± 21.52, 196.37 ± 25.39 vs 68.72 ± 11.27, P < 0.01);
however, expression of p21 in liver tissue was downregulated compared to that of the control group (40.26
± 9.97 vs 138.24 ± 13.66, P < 0.01).

viruses and alcohol. Furthermore, they are also effective
in preventing the progression of hepatic fibrosis and
cirrhosis, and when combined with antivirals, may
[1-4]
produce improved clinical effects
. However, the
mechanism of the effect of Liuweiwuling tablets in the
treatment of liver injury has not been established,
especially for drug-induced liver injury. Research has
shown that Liuweiwuling tablets can decrease alkaline
phosphatase levels in mice with acetaminophen (APAP)induced liver injury. The purpose of this study was to
provide a better understanding of the mechanism of
Liuweiwuling tablets in protecting hepatocytes from
liver injury. By using an APAP-induced liver injury
mouse model, we showed that Liuweiwuling tablets
can protect hepatocytes from liver injury by decreasing
the release of inflammatory cytokines, such as high
mobility group box protein B1 (HMGB1), tumor necrosis
factor (TNF)-α and interleukin IL-1b, and promoting
liver regeneration.

CONCLUSION: Liuweiwuling tablets can attenuate
acute liver injury by decreasing inflammatory cytokine
(HMGB1, TNF-α and IL-1b) levels and promoting liver
regeneration.
Key words: Acute liver injury; Acetaminophen; Liuwei
wuling tablets; Inflammatory cytokine; Liver regeneration

MATERIALS AND METHODS

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

Six- to eight-week-old male C57BL/6 mice (weighing
20 ± 0.5 g) were purchased from Hunan Slack King
of Laboratory Animal Co. Ltd (Changsha, China).
The mice were maintained in a specific pathogenfree facility under controlled laboratory conditions
(23 ℃, 12 h light/12 h dark cycle, 50% humidity, ad
libitum access to food and water) for two weeks prior
to experimentation and were treated humanely. All
animal-related procedures were performed in the
animal experiment center of Nanchang University and
approved by the animal care and use committee of
the Zhejiang Hospital. Animal breeding and processing
were all in strict accordance with the laboratory
animal breeding and user guide issued by the National
Institutes of Health (NIH). Intragastric gavage was
performed on conscious animals using straight gavage
needles that were appropriate for the animal size
(20 g body weight: 22 gauge, 1 inch length, 1.25
mm ball diameter). Reagents used included APAP
(Sigma, United States), Trizol reagent (Invitrogen,
United States) and rabbit anti-mouse PCNA polyclonal
antibody (ABGENT, United States).

Materials

Core tip: Clinical studies have shown that Liuweiwuling
tablets are effective against a variety of liver injuries;
however, its mechanism has not been established,
especially for drug-induced liver injury. In this study,
we found that Liuweiwuling tablets can attenuate
acetaminophen-induced acute liver injury by decreasing
inflammatory cytokine levels and promoting liver
regeneration. Our results provide direct evidence for
the effective therapy of liver damage with Liuweiwuling
tablets and their value in clinical applications. Moreover,
this is the first report showing that Liuweiwuling tablets
can promote liver regeneration.
Lei YC, Li W, Luo P. Liuweiwuling tablets attenuate acetami
nophen-induced acute liver injury and promote liver regeneration
in mice. World J Gastroenterol 2015; 21(26): 8089-8095
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i26/8089.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i26.8089

Animal models and grouping

A total of 24 male C57BL/6 mice were subjected to
12 h of fasting, but were permitted to drink water
before the trial commenced. The mice were randomly
assigned to two groups, an acute liver injury group
(control group) and a Liuweiwuling tablet group. Each
group consisted of 12 mice. The acute liver injury
group was administered APAP 250 mg/kg, by an
intraperitoneal injection, and the Liuweiwuling tablet
group was given Liuweiwuling tablets (10.0 g/kg,
2 times per day by lavage) three days before the
intraperitoneal injections of APAP. The acute liver injury

INTRODUCTION
China’s ageing population is growing, and consequently,
the medical demand is increasing. The irrational use
of medicines and health products (including traditional
Chinese medicine) and the incidence of drug-induced
liver injury are also increasing. Therefore, it is impor
tant that better treatments are found to combat this
disease. Clinical studies have demonstrated that
Liuweiwuling tablets are effective against a variety of
acute or chronic liver injuries that are caused by drugs,
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Figure 1 Liuweiwuling tablets significantly decrease serum alanine aminotransferase/aspartate aminotransaminase levels in mice with acetaminopheninduced acute liver injury. A: The levels of alanine aminotransferase (ALT) in the Liuweiwuling tablet group were decreased significantly at 6, 12 and 24 h compared
with the control group (t = 8.20, 15.89 and 16.76, respectively; bP < 0.01 vs control); B: The levels of aspartate aminotransaminase (AST) in the Liuweiwuling tablet
group were also decreased significantly at 6, 12 and 24 h compared with the control group (t = 7.09, 11.75 and 16.28, respectively; bP < 0.01 vs control). The above
experiments were repeated more than 3 times.

RNA extraction and quantitative RT-PCR

group was given an equivalent amount of PBS by
lavage in a corresponding time frame.

Mice were anesthetized thoroughly with ether, and
orbital blood was collected at 6, 12, 24, and 48 h and
at one week after intraperitoneal injections of APAP.
Serum was collected and stored at -80 ℃. Some
animals were sacrificed and their liver tissues used
for reverse transcription-polymerase chain reaction
(RT-PCR) and immunoblotting assays at 36 and 48
h. The specimens were fixed with neutral buffered
10% formalin and subjected to hematoxylin and eosin
(HE) staining and immunohistochemical detection. All
animals were euthanized by a barbiturate overdose
(intravenous injection, 150 mg/kg pentobarbital
sodium) for tissue collection.

Hepatic tissue mRNA expression levels were detected by
quantitative RT-PCR among those mice with acute liver
failure at 36 h. Total RNA extraction was conducted using
Trizol reagent (Invitrogen, United States) in accordance
with the instructions provided with the reagent. RTPCR primer sequences were as follows: PCNA: forward,
5’-AGCCACATTGGAGATGCTGTAGCCGTATTCA-3’,
reverse, 5’-AAGTTCCCATTGCCAAGCTCTCC-3’; CyclinD1:
forward, 5’-GCTGCAAATGGAACTGCTTCTGGT-3’,
reverse, 5’-TACCATGGAGGGTGGGTTGGAAAT-3’;
GAPDH, forward, 5’-GTTGTCTCCTGCGACTTCA-3’,
reverse, 5’-GGTGGTCCAGGGTTTCTTA-3’. A real-time
quantitative PCR detection system (produced by Roche)
was used to construct a standard curve. Results were
standardized using GAPDH, and relative amounts were
ΔΔCT
[5]
then calculated according to the 2
method .

Serum biochemical and cytokine detection

Western blot analysis

Specimen collection

Alanine aminotransferase (ALT) and aspartate
aminotransaminase (AST) levels were measured with
an automatic biochemical analyzer, while HMGB1,
TNF-α and IL-1b were determined using an ELISA
according to the manufacturer’s instructions. Results
were calculated based on a standard curve.
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Hepatic tissue (0.5 g) was ground to provide a 1 mL
homogenate (including a protease inhibitor cocktail),
which was diluted 20-fold with the RIPA efficient
cracking liquid and then transferred to a nitrocellulose
membrane after polyacrylamide gel electrophoresis.
After blocking overnight with 10% BSA at 4 ℃, the
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A

B

C

Figure 2 Influence of Liuweiwuling tablets on the central necrosis of hepatic lobules in mice with acute liver injury (magnification, × 10 and × 100,
respectively). A: Normal mice; B: Evident necrosis in the central hepatic lobule in the acute liver injury group; C: Slight necrosis in liver tissue in the Liuweiwuling
tablet group.

membrane was incubated with primary antibodies for
2 h at 37 ℃, then with sheep anti-rabbit IgG antibody
conjugated with horseradish peroxidase for 0.5 h at
37 ℃. Finally, the target proteins were detected using
a chemiluminescence method, and analysis of the grey
levels was performed using the Quantity One software.

less than 0.05 was considered significantly different.

RESULTS
Liuweiwuling tablets decrease serum ALT/AST levels in
mice with APAP-induced acute liver injury

Serum levels of ALT/AST in mice with APAP-induced
acute liver injury began to increase at 6 h, reached
a peak at 12 h and then recovered gradually at 48
h. The levels of ALT/AST in the Liuweiwuling tablets
group were decreased significantly at 6, 12 and 24
h compared to those in the control group (P < 0.01)

Statistical analysis

All data were statistically analyzed using the SPSS
18.0 software. Data are expressed as the mean ± SD,
and the comparisons between the two groups were
conducted by an independent sample t-test. A P-value
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Figure 3 Liuweiwuling tablets decrease the level of high mobility group
box protein B1, tumor necrosis factor-α and interleukin-1b in mice with
acetaminophen-induced acute liver injury. A: There is a significant difference
between the Liuweiwuling tablet group and the control group in HMGB1 levels
at 6 and 12 h (t = 22.82 and 8.29, respectively; bP < 0.01 vs control); B: The
levels of TNF-α and IL-1b between the two groups were also significantly
different at 12 h (t = 5.99 and 6.88, respectively; bP < 0.01 vs control). The
above experiments were repeated more than 3 times.

IL-1b in the Liuweiwuling tablet group at 12 h were
also significantly lower than those in the control group
(P < 0.01) (Figure 3B).

Liuweiwuling tablets accelerate liver regeneration in
mice with APAP-induced acute liver injury

(Figure 1A and B).

To observe the influence of Liuweiwuling tablets on
liver regeneration in mice with APAP-induced acute
liver injury, immunoblotting assays were used to detect
the expression of PCNA. The results demonstrated
that the expression of PCNA in the Liuweiwuling tablet
group was increased at 48 h compared to the control
group (Figure 4A). The real-time quantitative RTPCR detection of liver tissue mRNA expression levels
showed that the levels of PCNA and CyclinD1 that
promote liver cell regeneration in the Liuweiwuling
tablet group were up-regulated 3.4-fold and 2.1-fold,
respectively, while the level of p21 that inhibits liver
cell regeneration was down-regulated 2.9-fold. These
differences were significant when compared with the
control group (P < 0.01) (Figure 4B).

Liuweiwuling tablets decrease the central necrosis of
hepatic lobules in mice with APAP-induced acute liver
injury

Compared to the normal mice, the extent of the central
necrosis of hepatic lobules in the acute liver injury group
was greater, as a significant amount of necrosis was
observed (Figure 2A and B), while less necrosis was
observed in the liver tissue of the Liuweiwuling tablet
group (Figure 2C).

Liuweiwuling tablets decrease the levels of HMGB1,
TNF-α and IL-1b in mice with APAP-induced acute liver
injury

Recently, HMGB1 has been shown to play an important
role in the acute inflammation of the liver. Serum
levels of HMGB1 in mice with APAP-induced acute liver
injury began to increase at 6 h, reached a peak at 12
h and then declined at 24 h. Serum levels of HMGB1
at 6 and 12 h in the Liuweiwuling tablet group were all
significantly lower than those in the control group (P <
0.01) (Figure 3A). In addition, the levels of TNF-α and
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p21

Figure 4 Liuweiwuling tablets accelerate liver regeneration in mice with
acetaminophen-induced acute liver injury. A: Immunoblotting assays were
used to detect the expression of PCNA in different processes; B: Real-time
quantitative reverse transcription-polymerase chain reaction detection was used
to detect mRNA expression. The levels of PCNA, CyclinD1 and p21 between
the two groups were significantly different at 36 h (t = 14.37, 15.91 and 20.04,
respectively; bP < 0.01 vs control). The above experiments were repeated more
than 3 times and the results are expressed as percentages compared with the
normal group.

b

TNF-α

CyclinD1

DISCUSSION
The acute liver injury model produced by intra
peritoneal injection of APAP in mice is a good
simulation of drug-induced liver injury and is presently
[6-8]
a mature model . This study shows that male mice
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(C57BL/6) at the age of 6-8 wk and with weights
of 20 ± 0.5 g are more ideal compared with female
C57BL/6 and BALb/c mice. Under the experimental
conditions of this study, serum ALT/AST levels in mice
with APAP-induced acute liver injury began to increase
at 6 h, reached a peak at 12-24 h, and then recovered
gradually at 48 h. HE staining at 36 h indicated
necrosis in the central hepatic lobule in the acute liver
injury group, which is in accordance with domestic and
[9-11]
foreign research
.
Recent studies indicate that HMGB1 plays a very
important role in the inflammatory response of acute
[12-16]
liver injury
. In this study, serum HMGB1 levels
in mice with APAP-induced acute liver injury began
to increase at 6 h, reached a peak at 12 h and then
declined at 24 h. The serum HMGB1 levels at 6
and 12 h in the Liuweiwuling tablet group were all
significantly lower than those of the control group. As
observed with the HMGB1 levels, the levels of TNF-α,
IL-1b and IL-6 in the Liuweiwuling tablet group were
all significantly lower than those of the control group.
The inflammatory factor HMGB1 can be released by
stimulation of activated monocytes, macrophages,
neutrophils and endothelial cells and can be passively
[17-20]
released by necrotic cells
. HMGB1 can directly
promote the release of inflammatory factors such as
TNF-α and IL-1b. Furthermore, it can also promote
the production of chemotactic factors that are released
[21-23]
by peripheral blood mononuclear cells
, increase
the number of inflammatory cells and amplify the
inflammatory response to aggravate liver damage.
Recent studies indicate that TNF-α and IL-1b play an
[24-27]
important role in APAP-induced acute liver injury
.
Therapy with Liuweiwuling tablets inhibits the
inflammatory response and liver tissue damage by
decreasing the levels of HMGB1 and inflammatory
factors TNF-α and IL-1b, leading to a decline of ALT/
AST levels and an alleviation of liver inflammatory
necrosis.
Modern pharmacological studies have shown that
Schisandra chinensis, which is an ingredient in the
Liuweiwuling tablet, is effective in reducing enzymes
and in protecting the liver from chronic liver injury;
fructus ligustri lucidi, forsythia and endives have
a positive effect on reducing heat and removing
toxicity for the liver; rhizoma zedoariae can desilt the
extravasated blood and promote microcirculation;
and ganoderma lucidum spore powder can enhance
immunity and promote tissue repair. Therefore, we
speculate that Liuweiwuling tablets can promote the
regeneration of liver cells in acute liver injury. Previous
studies have indicated that PCNA and CyclinD1 play
important roles in liver cell regeneration; however, p21
[28-30]
inhibits liver cell regeneration
. This study shows
that the expression of PCNA in the Liuweiwuling tablet
group was increased at 48 h compared to a control
group and that the levels of PCNA and CyclinD1 that
promote liver cell regeneration in the Liuweiwuling
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tablet group were up-regulated 3.4-fold and 2.1-fold
respectively, while the level of p21 that inhibits liver
cell regeneration was down-regulated 2.9-fold. All of
the above findings suggest that Liuweiwuling tablets
can accelerate the regeneration of liver cells.
In conclusion, Liuweiwuling tablets can decrease
the levels of ALT/AST and inflammatory factors (such
as HMGB1, TNF-α and IL-1b) and promote liver regene
ration. This may be one of the mechanisms involved in
the treatment of acute liver damage. The above results
regarding the effect of Liuweiwuling tablets on liver
damage provide a new theoretical understanding and
have important theoretical and application values.
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Abstract
AIM: To analyze the relationship between the serum
lectin-like oxidized low-density lipoprotein receptor-1
(LOX-1) levels and clinical and histopathological
features of biopsy-confirmed nonalcoholic fatty liver
disease (NAFLD) patients.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: The authors do not have any
conflict of interest.

METHODS: Fifty-three consecutive, biopsy-proven
NAFLD patients (31 males and 22 females, mean age
42.5 ± 9.6 years) and 26 age- and gender-matched,
healthy controls (14 males and 12 females, mean
age 39 ± 10.7 years) were included. The patients
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histology scores, which might decrease the need for
performing liver biopsy in NAFLD patients.

with NAFLD were consecutive patients who had been
admitted to the hepatology outpatient clinic within
the last year and had been diagnosed with NAFLD
as the result of liver biopsy. The healthy controls
were individuals who attended the outpatient clinic
for routine health control and had no known chronic
illnesses. The histological evaluation was conducted
according to the NAFLD activity scoring system
recommended by The National Institute of Diabetes
and Digestive and Kidney Diseases Nonalcoholic
Steatohepatitis Clinical Research Network. The serum
LOX-1 levels were measured using an ELISA kit (Life
Science Inc. USCN. Wuhan, Catalog No. E1859Hu)
in both patients and healthy controls. A receiver
operating characteristic (ROC) curve analysis was
used to identify the optimal cutoff value of LOX-1 and
thereby distinguish between patients with nonalcoholic
steatohepatitis (NASH) and healthy controls. A P -value
< 0.05 was considered statistically significant.

Ozturk O, Colak Y, Senates E, Yilmaz Y, Ulasoglu C, Doganay L,
Ozkanli S, Oltulu YM, Coskunpinar E, Tuncer I. Increased serum
soluble lectin-like oxidized low-density lipoprotein receptor-1
levels in patients with biopsy-proven nonalcoholic fatty liver
disease. World J Gastroenterol 2015; 21(26): 8096-8102
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i26/8096.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i26.8096

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease worldwide, and its
[1,2]
prevalence is continuously increasing . The disease
may present in different clinical forms. Though simple
steatosis usually has a benign course, nonalcoholic
steatohepatitis (NASH) may progress to liver fibrosis,
cirrhosis and hepatocellular carcinoma due to ongoing
[3,4]
necroinflammation .
Currently, liver biopsy is the gold standard for
diagnosing NAFLD and NASH and for evaluating
[5]
liver fibrosis . However, liver biopsy is an invasive
technique that is associated with several complications.
Therefore, alternative non-invasive methods are under
[6]
investigation for diagnosing this common disease .
Lectin-like oxidized low-density lipoprotein
receptor-1 (LOX-1) is a protein coded by the oxidized
low density lipoprotein (oxLDL) receptor-1 gene, and
it is expressed by endothelial cells, vascular smooth
[7,8]
muscle cells, macrophages, and adipocytes . LOX-1
is a membrane glycoprotein that binds, internalizes,
and degrades oxLDL. LOX-1 is activated by oxLDL
and leads to endothelial dysfunction, apoptosis
and atherosclerotic process via intracellular signal
transduction. Additionally, LOX-1 has multiligand
receptor features, and the defined ligands of LOX-1
are aged red blood cells, apoptotic cells, activated
platelets, leukocytes, bacteria, phosphatidyl serine,
advanced glycation endproducts, C reactive protein,
[9]
and heat shock protein 70 .
In addition to its role in the process of athero
sclerotic, LOX-1 is active in inflammatory processes.
Proinflammatory cytokines that are shown to upregulate
LOX-1, such as transforming growth factor-beta,
interleukin-6, interleukin-1α, interleukin-1β, and tumor
necrosis factor-α, are also involved in the pathogenesis
[9,10]
of NAFLD
. Furthermore, recent studies have
reported an increase in the LOX-1 levels in diabetes
mellitus, metabolic syndrome, and coronary artery
[11,12]
disease
.
In this study, we investigated the relationship
between LOX-1 and histopathological changes and
inflammation as well as clinical and biochemical para
meters in liver biopsy-proven NAFLD (simple steatosis

RESULTS: NAFLD and healthy control groups were
similar in terms of age and sex. NAFLD patients
consisted of 8 patients with simple steatosis (15%),
27 with borderline NASH (51%) and 18 with definitive
NASH (34%). Metabolic syndrome was found in 62.2%
of the patients with NAFLD. The mean serum LOX-1
level in biopsy-proven NAFLD patients was 8.49 ± 6.43
ng/mL compared to 4.08 ± 4.32 ng/mL in healthy
controls (P = 0.001). The LOX-1 levels were significantly
different between controls, simple steatosis and NASH
(borderline+definite) cases (4.08 ± 4.32 ng/mL, 6.1
± 6.16 ng/mL, 8.92 ± 6.45 ng/mL, respectively, P =
0.004). When the cut-off value for the serum LOX-1
level was set at 5.35 ng/mL, and a ROC curve analysis
was performed to distinguish between steatohepatitis
patients and controls; the sensitivity and specificity
of the serum LOX-1 level were 69.8% and 69.2%,
respectively.
CONCLUSION: The serum LOX-1 levels were signi
ficantly higher in NAFLD patients than in healthy
controls. Additionally, the serum LOX-1 levels could
differentiate between steatohepatitis patients and
healthy controls.
Key words: Insulin resistance; Liver fibrosis; Metabolic
syndrome; Nonalcoholic fatty liver disease; Steato
hepatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lipoprotein receptor-1 (LOX-1) is a biomarker
that has been demonstrated to be related to athero
sclerosis, insulin resistance, obesity and diabetes.
Nonalcoholic fatty liver disease (NAFLD) is the hepatic
manifestation of metabolic syndrome. To date, no
studies have investigated the association between
serum LOX-1 and liver inflammation in biopsy-proven
NAFLD patients. In this study, we have shown that
the serum LOX-1 levels are correlated with the NAFLD
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and borderline and definitive NASH) patients. To
address these questions, we evaluated the extracel
lular soluble component of LOX-1 in NAFLD cases and
healthy controls.

were performed in all study participants. Blood pressure
measurements were performed in a quiet room with
a sphygmomanometer after 10 min of resting. After a
12-h overnight fasting period, blood samples, both from
patients with NAFLD and controls, from the antecubital
veins were collected between 8:00-9:00 am. After 2 h,
which allowed the blood to clot, at room temperature,
the samples were centrifuged at 1000 G for 20 min. The
sera obtained from the cases were stored at -80 ℃ until
further analysis.
Diabetes mellitus was diagnosed according to the
[13]
American Diabetes Association criteria . Metabolic
syndrome was diagnosed using the Adult Treatment
[14]
Panel Ⅲ criteria . Homeostasis Model of Assessment
- Insulin Resistance (HOMA - IR) was calculated using
the following equation: insulin resistance (IR) = fasting
plasma glucose (mmol/L) × fasting plasma insulin (mU/
L)/22.5 (IR was accepted as normal if IR < 2.5 and
present if insulin resistance IR ≥ 2.5).
Duplicate measurements of the LOX-1 serum levels
were performed using an ELISA kit (Life Science Inc.
USCN. Wuhan, Catalog No. E1859Hu) according to
the manufacturer’s instructions. The standard curve
concentrations used for the ELISA were 10 ng/mL, 5
ng/mL, 2.5 ng/mL, 1.25 ng/mL, 0.625 ng/mL, 0.312
ng/mL, and 0.156 ng/mL. The minimum detectable
level of human LOX-1 is less than 0.03 ng/mL.

MATERIALS AND METHODS
Study subjects

A total of 53 patients diagnosed with NAFLD (31
males and 22 females, mean age 42.5 ± 9.6 years)
and 26 healthy control subjects (14 males and 12
females, mean age 39 ± 10.7 years) were included in
the study. The patients with NAFLD were consecutive
patients who had been admitted to the hepatology
outpatient clinic within the last year and had been
diagnosed with NAFLD based on liver biopsy. The
healthy controls were individuals who attended the
outpatient clinic for routine health control and had no
known chronic illnesses. All participants in the study
were recruited from Department of Gastroenterology
of Istanbul Medeniyet University Göztepe Education
and Research Hospital. To avoid selection bias for
recruiting the patients and controls, all participants had
to be residents of Istanbul for a minimum of 5 years as
a prerequisite. The study was reviewed and approved
by Istanbul Medeniyet University Goztepe Education
and Research Hospital Institutional Review Board
(document No. 8-B/28.12.2010) and written informed
consent was obtained from all participants.
All NAFLD patients had elevated serum ALT levels
for at least 6 mo, and none of the patients had alcohol
consumption greater than 20 g/d. All patients were
negative for viral hepatitis serology. Hemochromatosis,
Wilson’s disease, autoimmune hepatitis, primary biliary
cirrhosis, sclerosing cholangitis and alpha-1 antitrypsin
deficiency were ruled out. All tests/procedures for the
aforementioned excluded conditions were performed
for research. Patients with biliary strictures and
malignancies were excluded. Additionally, the patients
had no history of using hepatotoxic medicines, such
as estrogens, amiodarone, steroids, tamoxifen,
methotrexate, valproic acid and herbal drugs. The
data regarding the hepatotoxic drug history were
obtained from both the patient’s medical records and
their interviews. The data for the hepatotoxic drug
history were obtained by interview for controls. All
serological and biochemical tests of the participants
were performed in the same laboratory, the Central
laboratory of Göztepe Education and Research Hospital.
All individuals in the control group were healthy on
physical examination and had normal liver parenchyma
in the sonographic liver examination. Their serological
and biochemical parameters were all in the normal
ranges.

Histological analysis

A liver biopsy was performed under local anesthesia
using a Hepafix 16-gauge needle (Braun Melsungen
AG, Melsungen, Germany) with ultrasound guidance.
All biopsy samples were fixed with 10% formaldehyde
and then embedded in paraffin blocks. The liver
specimens were stained with hematoxylin-eosin,
Masson’s trichrome and reticulin silver stains. An
experienced hepatopathologist scored and evaluated
the tissue specimens. The pathologist was blinded
to all patient data. The histological evaluation was
conducted according to the NAFLD activity scoring
system (NAS) recommended by The National Institute
of Diabetes and Digestive and Kidney Diseases
[15]
(NIDDK) NASH Clinical Research Network . In this
scoring system, hepatic steatosis was graded from 1
to 3 according to the steatosis ratio, with 5%-33%,
33%-66% and > 66% representing scores of 1, 2 and
3, respectively. Lobular inflammation was defined as
an overall assessment of all inflammation; no foci was
scored as 0, < 2 foci per × 200 field scored as 1, twofour foci per × 200 field scored as 2, and more than
4 foci per × 200 field scored as 3. Ballooning scoring
is defined as a score of 0 if there is no ballooning of
hepatocytes, 1 if there are few ballooning hepatocytes,
and 2 if there are numerous ballooning hepatocytes.
Fibrosis was staged as follows: stage 0, no liver
fibrosis; stage 1, perisinusoidal or periportal fibrosis;
stage 2, perisinusoidal and portal/periportal fibrosis;
stage 3, bridging fibrosis and stage 4, cirrhosis.

Clinical and laboratory evaluations

Physical examinations, anthropometric and biochemical
measurements, and body mass index (BMI) calculations
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Table 1 Clinical and biochemical characteristics of healthy controls and patients with nonalcoholic fatty liver disease n (%)
Characteristic

Gender (males/females)
Age (yr)
BMI (kg/m²)
Smoking
Waist circumference (cm)
Diabetes Mellitus
Metabolic syndrome
Hypertension
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
ESR median (min-max, mm/h)
CRP median (min-max, mg/L)
Hemoglobin A1c (%)
HOMA-IR median (min-max)
AST median (min-max, U/L)
ALT median(min-max, U/L)
Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Triglycerides (mmol/L)
Ferritin median (min-max, pmol/L)
LOX-1 (ng/mL)

Control

NAFLD

Simple steatosis

(n = 26)

(n = 53)

(n = 8)

14/12
39 ± 10.7
28.7 ± 5.1
5 (19.2)
85.2 ± 7.3
No
No
No
116 ± 17
74 ± 12
21 (6-38)
0.4 (0.2-1.5)
5.7 ± 0.3
2 (0.6-3.2)
19 (9-60)
18 (5-50)
5.15 ± 1
1.21 ± 0.2
3.52 ± 0.8
1.4 ± 0.6
20.7 (2.8-101)
4.08 ± 4.32

31/22
42.5 ± 9.6
31.6 ± 5.3
11 (20.7)
102.2 ± 9.1
11 (20.8)
33 (62.2)
12 (22.6)
121 ± 16
82 ± 10
11.5 (3-40)
0.4 (0.1-2)
5.9 ± 0.9
2.5 (0.3-11.8)
35 (16-147)
52 (17-196)
5.43 ± 1.39
1.19 ± 0.2
3.67 ± 0.9
2.5 ± 2.12
91 (6.5-326)
8.49 ± 6.43

4/4
42.8 ± 13.2
29.9 ± 4.31
3 (37.5)
100.2 ± 9.9
3 (37.5)
3 (37.5)
3 (37.5)
115 ± 15
79 ± 8
16 (4-40)
0.5 (0.1-1.4)
5.5 ± 0.4
1.6 (0.3-4.2)
36 (19-91)
43 (18-97)
5.46 ± 1.13
1.26 ± 0.2
3.67 ± 0.8
2.2 ± 1.08
141.5 (7.8-300)
6.1 ± 6.16

NASH
(borderline + definite)
(n = 45)
27/18
4 1 ± 8.6
32.07 ± 5.5
8 (17.7)
102.6 ± 9
8 (17.7)
30 (66.6)
9 (20)
122 ± 17
82 ± 10
11 (3-38)
0.4 (0.1-2)
5.9 ± 0.9
2.7 (0.5 ± 11.8)
35 (16-147)
53 (17-196)
5.43 ± 1.45
1.16 ± 0.2
3.67 ± 0.9
2.5 ± 2.27
88.5 (6.5-326)
8.92 ± 6.45

P value2

P value3

0.690
0.190
0.030
0.900
0.002
0.012
< 0.001
0.008
0.310
0.006
0.001
0.720
0.730
0.001
< 0.001
< 0.001
0.450
0.290
0.520
0.005
< 0.001
0.001

0.800
0.310
0.040
0.080
0.002
0.050
< 0.001
0.010
0.270
0.010
0.110
0.670
0.310
0.010
< 0.001
< 0.001
0.670
0.310
0.770
0.420
< 0.001
0.004

1

The patients with NAFLD and controls was similar according to the socioeconomic status, racial and ethnic background, and, dietary and/or physical
activity habits, religion; 2P value: for comparison of control and NAFLD (t test for continuos variables and χ 2 test for categorical, as variables ); 3P value:
for comparison of control, simple steatosis, and NASH (One-way ANOVA for continues variables and χ 2 test for categorical variables). Normal values in
laboratory tests: ESR: Erythrocyte Sedimentation Rate (0-20 mm/h); CRP: C-reactive protein (< 8 mg/L); HbA1c (4.3-5.8 proportion of total hemoglobin);
total cholesterol (2.6-5.2 mmol/L); triglyceride (0.7-1.7 mmol/L); LDL cholesterol (1-3.37 mg/dL); HDL cholesterol (> 0.9 mmol/L); AST (5-32 U/L); ALT
(5-38 U/L); ferritin (54-755 μg/L in males and 25-755 μg/L in females); BMI (body mass index) (18-25 kg/m2); LOX-1: Lectin-like oxidized low-density
lipoprotein receptor-1; HOMA-IR and metabolic syndrome are described in the text, Diabetes Mellitus was diagnosed according to ADA 2010 criteria,
NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

Histologically, the total NAS scores were calculated as
a sum of the steatosis (1-3), lobular inflammation (0-3)
and ballooning (0-2) scores. Based on this scoring
system, patients with a total NAS score of 0-2 were
diagnosed with simple steatosis, 3-4 borderline NASH,
[15]
and 5 or greater definitive NASH .

controls. A P-value < 0.05 was considered statistically
significant. The statistical methods of this study were
reviewed by Recep Minga, biomedical statistician of
İkon Research and Consultancy co.

Statistical analysis

The clinical and biochemical characteristics of the
healthy controls and NAFLD patients are presented
in Table 1. The age and gender distribution were
similar in both groups. The following characteristics
were significantly higher in the NAFLD patients: waist
circumference, diastolic blood pressure, HOMA-IR,
triglyceride level and transaminase and ferritin levels.
Eight patients (15%) had simple steatosis, whereas
27 (51%) had borderline NASH and 18 (34%) were
diagnosed with definite NASH. Metabolic syndrome was
found in 62.2% of the patients with NAFLD.
The LOX-1 level was significantly higher in the
NAFLD group compared to healthy controls (8.49 ±
6.43 ng/mL vs 4.08 ± 4.32 ng/mL, respectively, P =
0.001). The LOX-1 levels were significantly different
between the control, simple steatosis and NASH
(borderline + definite) cases (4.08 ± 4.32 ng/mL, 6.1
± 6.16 ng/mL, 8.92 ± 6.45 ng/mL, respectively, P =
0.004). The distribution of the serum LOX-1 levels in

RESULTS

StatMate 2.0 (GraphPad Inc., San Diego, CA, United
States) was used for the power calculation of the
study. The data were analyzed using SPSS 16.0
(IL United States SPSS Inc., Chicago, IL, United
States). Normally distributed continuous variables
are presented as the mean ± SD. Student’s t-test
was used to evaluate the difference between the
independent groups. Differences in the levels of LOX-1
among the NAFLD subgroups (simple steatosis and
borderline NASH+definitive NASH) and control group
were determined by one-way analysis of variance
(ANOVA) followed by a Bonferroni multiple-comparison
post hoc test. Categorical data were analyzed using
2
the χ test. A Spearman rank correlation was used to
examine the relationship between variables. A receiver
operating characteristic (ROC) curve analysis was
used to identify the optimal cutoff value of LOX-1 for
distinguishing between patients with NASH and healthy

WJG|www.wjgnet.com

8099

July 14, 2015|Volume 21|Issue 26|

Ozturk O et al . Serum LOX-1 and histologic activity in NAFLD
[9,16,17]

levels
. The elevated LOX-1 levels in NAFLD
patients are in parallel with these metabolic disorders.
This result may be due to insulin resistance, which is
an underlying common pathophysiologic mechanism of
[16,18]
these disorders
.
In this study, the LOX-1 levels in patients with NAFLD
were higher than healthy controls. Although there is a
gradual increase in the progression from healthy control
to simple steatosis and then to NASH (borderline +
definite) subgroup cases, the only significant difference
was obtained between controls and NASH patients.
However, we did not find any significant difference
between simple steatosis and the NASH subgroups.
[19]
Lubrano et al
reported that the serum LOX-1 levels
were correlated with other inflammatory markers
and with the severity of coronary artery disease.
Additionally, in an endothelial dysfunction study, Sakurai
[20]
et al showed that the LOX-1 level is linearly correlated
with increasing oxidative stress.
The high LOX-1 levels in coronary artery disease,
endothelial dysfunction and NAFLD patients suggest
that inflammatory processes and oxidative stress are
common pathophysiologic mechanisms. In addition,
coronary artery disease and endothelial dysfunction
[21-23]
were present in NAFLD patients
. One important
result of this study is the identification of high LOX-1
levels in patients with steatohepatitis.
Liver biopsy is still the gold standard method for
establishing NASH, which is the progressive form
of NAFLD. However, due to several complications
of this invasive procedure, a number of alternative
methods and non-invasive diagnostic modalities are in
[15,24,25]
development
. Increased LOX-1 serum levels in
patients with NASH may simplify the selection of cases
for differentiating between NAFLD subgroups prior to
liver biopsy. However, these data must be confirmed
by studies with large patient samples.
There is no relationship between the LOX-1 level
[26]
and degree of fibrosis in our study. Kelly et al
reported a relationship between the LOX-1 level
and renal function and fibrosis in obese and diabetic
rats. Injections of anti-LOX-1 antibodies into the rats
improved renal function and reduced fibrosis. In a
study examining the relationship between LOX-1 and
angiotensin Ⅱ (which has roles in fibrotic processes)
in human coronary artery endothelial cell culture,
the activation of angiotensin Ⅱ type 1 receptors
[27,28]
was shown to increase the LOX-1 levels
. The
angiotensin Ⅱ type 1 receptor is also involved in
[29]
the development of liver fibrosis . Although these
findings show a relationship between LOX-1 and kidney
fibrosis, they do not suggest a causal relationship with
liver fibrosis. There is a need for large-scale studies
on LOX-1 expression at the cellular level to determine
the role of LOX-1 in the pathogenesis of fibrosis. Based
on our data, we concluded that in the natural course
of NAFLD, inflammation is associated with elevated
LOX-1 levels but that fibrosis is not.

30.00

Serum LOX-1 levels (ng/mL)

25.00
20.00
15.00
10.00
5.00
0.00
0

2

4

6

NAS

Figure 1 Distribution of serum levels of lectin-like oxidized low density
lipoprotein receptor-1 in healthy controls and patients according to
non-alcoholic fatty liver disease Activity Score△. The LOX-1 levels were
significantly different between controls, simple steatosis and NASH (borderline
+ definite) cases (4.08 ± 4.32 ng/mL, 6.1 ± 6.16 ng/mL, 8.92 ± 6.45 ng/mL,
respectively, P = 0.004). LOX-1: Lectin-like oxidized low density lipoprotein
receptor-1; NAS: Non-alcoholic fatty liver disease Activity Score; △: All healthy
controls were considered to have 0 point in NAS.

the study subgroups (controls and patients) is shown
in a scatterplot figure (Figure 1). In addition, the
LOX-1 serum levels were significantly higher in the
NASH group than in the healthy subjects (8.92 ± 6.45
ng/mL vs 4.08 ± 4.32 ng/mL, P = 0.003). The LOX-1
levels were not significantly different in the NAFLD
subgroups based on histological data. As a result,
multiple linear regression analysis was not performed.
In the NAFLD group, cases with (33) or without (20)
metabolic syndrome had no significant difference in
LOX-1 (7.27 ± 5.32 ng/mL vs 10.63 ± 7.84 ng/mL,
respectively, P = 0.849).
The LOX-1 cut-off value that was used to distinguish
healthy controls and NASH (borderline and definite) was
5.35 ng/mL. The area under ROC (AUROC) according to
this cut-off level was 72.5% (SE = 0.06, Mann Whitney
U-test, P = 0.001). With this cut-off value, the LOX-1
measurement could distinguish NASH patients from
healthy controls with a sensitivity of 69.8%, specificity
of 69.2%, negative predictive value of 69.6%, and
positive predictive value of 69.4%.

DISCUSSION
In this study, we demonstrated, for the first time,
a significant difference in the LOX-1 levels between
biopsy-proven NAFLD and healthy controls. The LOX-1
levels were significantly higher in NASH patients
compared with healthy controls. Therefore, LOX-1 may
distinguish NASH cases from healthy subjects. There
was no difference between the LOX-1 levels in the
simple steatosis subgroup and the healthy controls or
NASH cases.
Previous studies have reported that diabetes,
obesity, and hypertension cases had high serum LOX-1
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There are some limitations to this study. The first
limitation is the small number of cases. Therefore,
the results must be verified in additional largescale studies. Second, the study is a cross-sectional,
case-control study; therefore, it does not provide
information on the pathophysiologic and causal
relationship for the disease course. The measurement
of only the serum LOX-1 levels and not the liver tissue
levels is also a limitation. Additionally, there is no
evidence available at the tissue level in patients with
NAFLD. Fourth, the patients enrolled in this study were
only of Turkish descent; therefore, additional research
is needed to assess the role of LOX-1 in different ethnic
populations. Finally, the measured and unmeasured
differences between the studied groups could have
accounted for the findings.
In conclusion, this study showed an association, but
not casuality, between serum LOX-1 levels and both
NAFLD and NASH. As a result, the serum LOX-1 levels
may be a useful marker for differentiating patients
with NAFLD and NASH from healthy individuals, but
our results must be verified in large-scale randomized
trials.
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Abstract
AIM: To determine effect of irritable bowel syndrome
(IBS) subtype on IBS-specific quality of life (QOL)
questionnaire and its subscales.

Institutional review board statement: The study was reviewed
and approved by the Massachusetts General Hospital Institutional
Review Board (Protocol number: 2012P002255/MGH).

METHODS: We studied IBS patients visiting our
functional gastroenterology disorder clinic at a tertiary
care center of Unites States. IBS and IBS subtype
were diagnosed using Rome- Ⅲ questionnaire. QOL
was assessed using IBS-QOL questionnaire. IBSQOL assesses quality of life along eight subscales:
dysphoria, interference with activities, body image,
health worry, food avoidance, social reactions, sexual
health, and effect on relationships. IBS-QOL and
its subscales were both scored on a range of 0-100
with higher scores suggestive of better QOL. Results
of overall IBS-QOL scores and subscale scores are
expressed as means with 95%CI. We compared mean
IBS-QOL score and its subscales among various IBSsubtypes. Analysis of variance (ANOVA) was used to
compare the mean difference between more than two
groups after controlling for age and gender. A posthoc analysis using Bonferroni correction was used only
when P value for ANOVA was less than 0.05.
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RESULTS: Of 542 patients screened, 243 had IBS as
per Rome-Ⅲ criteria. IBS-mixed (IBS-M) was the most
common IBS subtype (121 patients, 49.8%) followed
by IBS- diarrhea (IBS-D) (56 patients, 23.1%), IBSconstipation (IBS-C) (54 patients, 22.2%) and IBSunspecified (IBS-U) (12 patients, 4.9%). Overall IBSQOL scores were significantly different among various
IBS-subtypes (P = 0.01). IBS-QOL of patients with
IBS-D (61.6, 95%CI: 54.0-69.1) and IBS-M (63.0,
95%CI: 58.1-68.0) was significantly lower than patients
with IBS-C (74.5, 95%CI: 66.9-82.1) (P = 0.03 and
0.02 respectively). IBS-D patients scored significantly
lower than IBS-C on food avoidance (45.0, 95%CI:
34.8-55.2 vs 61.1, 95%CI: 50.8-71.3, P = 0.04) and
interference with activity (59.6, 95%CI: 51.4-67.7 vs
82.3, 95%CI: 74.1-90.6, P < 0.001). IBS-M patients
had more interference in their activities (61.6, 95%CI:
56.3-66.9 vs 82.3, 95%CI: 74.1-90.6, P = 0.001) and
greater impact on their relationships (73.3, 95%CI:
68.4-78.2 vs 84.7, 95%CI: 77.2-92.2, P = 0.02)
than IBS-C patients. Patients with IBS-M also scored
significantly lower than IBS-C on food avoidance (47.2,
95%CI: 40.7-53.7 vs 61.1, 95%CI: 50.8-71.3, P = 0.04)
and social reaction (66.1, 95%CI: 61.1-71.1 vs 80.0,
95%CI: 72.1-87.7, P = 0.005).

INTRODUCTION
Irritable bowel syndrome (IBS) is a functional
gastrointestinal disorder characterized by abdominal
pain or discomfort and alteration of bowel habits in
[1-4]
the absence of an organic disorder . It is the most
common gastrointestinal disorder, affecting between
[1-4]
4%-22% of general population . IBS is a generally
non life-threatening disorder that is not associated with
decreased life expectancy, which may potentially lead
clinicians to underestimate its impact on patients’ lives
[5]
and the healthcare system as a whole . Nevertheless,
studies have shown that patients with IBS make two to
three times the number of health care visits per year
[6-8]
compared to age-matched controls . Additionally,
many studies have also shown that patients with IBS
have poorer quality of life (QOL) when compared to
the general population as well as patients with other
chronic diseases such as diabetes and end stage renal
[8,9]
disease . QOL has also been shown to correlate
with disability, healthcare resource utilization, and
clinical response to treatment. Thus, it is important to
understand the variables affecting the QOL in patients
[10]
with IBS .
While QOL in IBS has been shown to be affected
by extraintestinal symptoms, psychiatric symptoms,
disease severity, and gender, the effect of IBS[10,11]
subtype is unclear
. Previous studies studying the
effect of IBS subtype on QOL have failed to show any
[11-15]
difference
. Most of these studies used general
health-related QOL questionnaires like the SF-36 and
WHO-QOL, which do not capture the specific issues
[11-14]
pertinent to IBS
; thus, these general question
naires could have minimized the impact of gastroin
testinal symptoms on overall QOL. Disease-specific
instruments have been developed and validated for
IBS, such as the QOL measure specific to IBS (IBSQOL), the IBS QOL questionnaire, and the functional
[15-18]
digestive disorder QOL questionnaire
. These ques
tionnaires aim to address the specific QOL domains
that are most heavily affected by IBS, yet there is a
paucity of data on effect of IBS subtype on IBS-QOL.
In order to better understand the interactions
between IBS subtype and IBS-QOL, we studied
the impact of IBS subtype on disease-specific QOL
using the IBS-QOL questionnaire in our cohort of IBS
patients.

CONCLUSION: IBS-D and IBS-M patients have
lower IBS-QOL than IBS-C patients. Clinicians should
recognize food avoidance, effects on daily activities and
relationship problems in these patients.
Key words: Irritable bowel syndrome; Irritable bowel
syndrome subtype; Quality of life; Irritable bowel
syndrome-quality of life; Constipation; Diarrhea
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is paucity of data on effect of irritable
bowel syndrome (IBS)-subtype on disease specific
quality of life as most of the earlier studies have utilized
general questionnaires like SF-36 etc . We studied the
effect of IBS subtype on IBS-specific quality of life
(QOL), the most validated disease specific questionnaire
for IBS. We found that IBS-diarrhea (IBS-D) and IBSmixed (IBS-M) have lower disease specific QOL than
IBS-constipation patients. Our study also points out
that clinicians should pay special attention to certain
domains of QOL such as food avoidance, relationship
problems, effect on daily activities and social reaction
in patients with IBS-D and IBS-M as these domains
significantly affect QOL in these patients.

MATERIALS AND METHODS
Study population

The data was collected between June 2011 and
August 2014 at the gastrointestinal motility clinic of
Massachusetts General Hospital, Boston. Only adult
patients greater than 18 years of age were enrolled in
the study. All patients coming to the clinic completed
[19]
Rome-Ⅲ questionnaires . Patients who were
diagnosed with IBS via the Rome Ⅲ questionnaires
were further classified into four subtypes: IBS-C,

Singh P, Staller K, Barshop K, Dai E, Newman J, Yoon S,
Castel S, Kuo B. Patients with irritable bowel syndromediarrhea have lower disease-specific quality of life than irritable
bowel syndrome-constipation. World J Gastroenterol 2015;
21(26): 8103-8109 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i26/8103.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i26.8103
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Ethical clearance

Table 1 Baseline characteristics of three irritable bowel
syndrome-subtypes n (%)
Baseline characteristics
Age (yr) (mean ± SD)
Gender
Male
Female

Ethics approval for the study was obtained prior to
the initiation of the study by Massachusetts General
Hospital Institutional Review Board (Protocol number2012P002255/MGH).

P value

IBS-C

IBS-D

IBS-M

(n = 54)

(n = 56)

(n = 121)

45.4 (16.0)

42.8 (15.3)

41.3 (14.9)

0.250

7 (13.0)
47 (87.0)

5 (9.8)
51 (90.2)

36 (29.8)
85 (70.2)

0.0021

Statistical analysis

Statistical analysis was performed using Stata 11.0
(StataCorp.2009, College station, Texas). Proportion of
males and females among various IBS subgroups were
2
compared using χ test (Table 1). Mean age among
various subgroups was compared using analysis of
variance (ANOVA) (Table 1). Results of overall IBSQOL scores and subscale scores were expressed as
means with 95%CI. These were calculated using
model based estimates from ANOVA. Mean differences
in overall IBS-QOL scores and their subscales were
compared among various IBS subgroups using ANOVA
controlling for age and gender. A post-hoc analysis
using Bonferroni correction was used only when P
value for ANOVA was less than 0.05. For both ANOVA
and Bonferroni tests, P values less than 0.05 were
considered statistically significant.
The statistical methods of this study were
reviewed by Douglas Hayden of Biostatistics center,
Massachusetts General Hospital. This was done with
support from Harvard Catalyst, the Harvard Clinical
and Translational Science Center (National Center
for Research Resources and the National Center for
Advancing Translational Sciences, National Institutes of
Health Award UL1 TR001102).

1

There was significant difference between gender distribution of irritable
bowel syndrome (IBS)-mixed (IBS-M) vs IBS-constipation (IBS-C) (P = 0.02)
and IBS-M vs IBS- diarrhea (IBS-D) (P = 0.002).

IBS-D, IBS-mixed type (IBS-M) and IBS-unclassified
[19]
(IBS-U) . Patients diagnosed with IBS were further
assessed for upper gastrointestinal symptom severity
and IBS-QOL on their first visit.

Assessment of gastrointestinal symptom severity

Severity of upper gastrointestinal symptoms was
assessed using the patient assessment of upper
[20]
gastrointestinal symptom severity index (PAGI-SYM) .
It assesses the severity of upper gastrointestinal
symptoms along six subscales: heartburn/regur
gitation, fullness/early satiety, nausea/vomiting,
bloating, upper abdominal pain, and lower abdominal
[20]
pain . For each patient, we calculated a PAGI-SYM
subscale score by taking the mean of the items in each
subscale; the subscale scores varied from 0 (absent)
[20]
to 5 (very severe) . The total scores were calculated
by taking the mean of subscales. If any subscale score
was missing, the PAGI-SYM score was also considered
[20]
to be missing . Although PAGI-SYM is not validated
in IBS-patients, it was used in our study as it is
routinely administered to every patient coming to our
functional gastrointestinal disorder clinic and has many
overlapping questions with other IBS-severity scores.

RESULTS
Two hundred fifty one of 572 patients screened during
the study period were diagnosed with IBS. The mean
age of the study population was 44.3 years. More than
three-fourths of the patients (79.7%) were females
(200 females, 51 males). Eight patients who were
diagnosed with IBS did not have sufficient information
to classify them into subtypes. Of the remaining
243 patients, IBS-mixed type (IBS-M) was the most
common subtype (121 patients, 49.8%), followed
by IBS-diarrhea (IBS-D) (56 patients, 23.1%), IBSconstipation (IBS-C) (54 patients, 22.2%), and IBSunspecified (IBS-U) (12 patients, 4.9%). For the
purpose of statistical analysis, patients with IBS-U
were excluded given their small sample size in addition
to the uncertainty of what IBS-U category means
clinically.

Disease-related QOL

Disease-specific QOL was assessed using the IBS[18]
QOL questionnaire . It is a 34-item questionnaire
assessing QOL along eight domains: dysphoria,
interference with activities, body image, health worry,
food avoidance, social reactions, sexual health, and
[18]
effect on relationships . All items are negativelyframed with the greatest response scale indicating
poorer QOL. As per the IBS-QOL scoring manual, all
items were reversed when scored so that as the IBS
scores increases, QOL increases as well. All the final
raw scores were transformed into a 0 to 100 scale.
Using this scale, lowest possible score (worst QOL) and
highest possible score (best QOL) were transformed
to 0 and 100, respectively. Scores between these
values indicate the percentage of the total possible
[18]
score achieved . Similarly, for each subscale, the raw
scores were transformed into a scale of 0 to 100 and
results were presented as a percentage of the total
[18]
possible score achieved .

WJG|www.wjgnet.com

Overall IBS-QOL

Patients with IBS-D had the lowest IBS-specific
QOL (61.6; 95%CI: 54.0-69.1) followed by IBS-M
(63.0; 95%CI: 58.1-68.0) and IBS-C (74.5; 95%CI:
66.9-82.1) (P = 0.01 overall by ANOVA) after controlling
for age and gender (Table 2). In post hoc analysis,
overall IBS-QOL was significantly-lower in patients with
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reaction score (66.1; 95%CI: 61.1-71.1) than IBS-C
patients (80.0; 95%CI: 72.1-87.7, P = 0.005).

Table 2 Irritable bowel syndrome specific quality of life
subscale scores among three irritable bowel syndrome
subtypes
IBS-QOL
subscale

IBS-C
(n = 54)

IBS-D
(n = 56)

IBS-M
(n = 121)

Other subscales: There was no statistical difference
among the dysphoria, sexual health, health worries
and body image subscale score of the various IBS
subtypes (Table 2).

ANOVA
F -test

P value
Interference
with activity
Social reaction
Food
Avoidance
Relationships
Dysphoria
Health worry
Sexual
Body Image
Total

82.3 (74.1-90.6) 59.6 (51.4-67.7) 61.6 (56.3-66.9) < 0.0011
80.0 (72.1-87.7) 70.7 (63.0-78.4) 66.1 (61.1-71.1)
61.1 (50.8-71.3) 45.0 (34.8-55.2) 47.2 (40.7-53.7)

0.0082
0.0203

84.7 (77.2-92.2)
69.2 (60.0-78.4)
64.3 (56.3-72.3)
73.9 (63.7-84.1)
69.2 (61.2-77.2)
74.5 (66.9-82.1)

0.0304
0.060
0.280
0.500
0.631
0.0105

75.4 (67.9-83.0)
57.1 (47.9-66.4)
60.9 (53.0-68.9)
74.6 (64.6-84.7)
66.0 (58.1-73.9)
61.6 (54.0-69.1)

73.3 (68.4-78.2)
58.0 (51.9-64.0)
57.3 (52.1-62.4)
68.8 (62.3-75.3)
64.9 (59.7-70.1)
63.0 (58.1-68.0)

PAGI-SYM scores

PAGI-SYM scores were comparable among patients
with IBS-C (2.6; 95%CI: 2.2-2.9), IBS-D (2.7;
95%CI: 2.4-3.1) and IBS-M (2.9; 95%CI: 2.7-3.1).
There was no significant difference among IBSsubtypes for mean upper abdominal pain scores (P =
0.30), mean lower abdominal pain score (P = 0.6),
mean bloating scores (P = 0.52) and early satiety
scores (P = 0.49) using ANOVA.

All the results of mean irritable bowel syndrome (IBS) - quality of life
scores and its subscales are compared after controlling for age and gender.
1
IBS-constipation (IBS-C) vs diarrhea (IBS-D) (P < 0.001) and IBS-C vs IBSmixed (IBS-M) (P < 0.001) by Bonferroni test; 2IBS-C vs IBS-M (P = 0.005)
by Bonferroni test; IBS-C vs IBS-D (P = 0.04) and IBS-C vs IBS-M (P = 0.04)
by Bonferroni test; IBS-C vs IBS-M (P = 0.02) by Bonferroni test; 5IBS-C vs
IBS-D (P = 0.03) and IBS-C vs IBS-M (P = 0.02) by Bonferroni test. IBS-QOL:
Irritable bowel syndrome specific quality of life.

DISCUSSION
In this analysis of IBS patients presenting for evalua
tion at a tertiary care clinic, we found that IBS-D and
IBS-M patients have a significantly-worse diseasespecific QOL than IBS-C subtype. IBS-D patients also
have more interference with their daily activities and
avoided food more commonly when compared to
patients with IBS-C. Similarly, patients with IBS-M
also had more interference in their activities, greater
impact on their relationships and lower social reaction
score than IBS-C patients. To our knowledge, this
data is unique in demonstrating subtype-specific QOL
differences in this population.
Most of the previous studies studying the effect of
IBS subtype on QOL failed to show any difference in
[12-15,18,21-23]
QOL between the subtypes
. Like our study,
most of these studies are from tertiary healthcare
settings and have comparable sample sizes. However,
most of these studies used general health-related QOL
[11,12,14,22,24]
questionnaires like the SF-36 and WHO-QOL
.
The use of such general QOL questionnaires could have
minimized the impact of gastrointestinal symptoms on
overall QOL. Our study used IBS-QOL, which captures
the specific concerns of patients with IBS.
Notably, other studies using IBS-QOL have failed to
show similar differences when IBS-QOL is compared
[15,21,25]
by IBS subtype
. All three of these studies
analyzed patients from outside the United States and
therefore may be examining a slightly-different IBS
population than our own. In line with our results,
[18]
[23]
Patrick et al and Schmulson et al also found lower
IBS-QOL scores in United States patients with IBS-D
and IBS-M compared to those with IBS-C, but these
differences failed to reach statistical significance. Both
these studies enrolled fewer IBS patients than ours.
By overall IBS-QOL and all eight individual subscale
scores, IBS-D and IBS-M were very similar to each
[26]
other and distinct from IBS-C patients. Mearin et al
previously reported that many patients with IBS-D

IBS-D than in patients with IBS-C (P = 0.03). Also,
IBS-M had significantly lower IBS-QOL scores when
compared with IBS-C patients (P = 0.02). There were
no significant differences among IBS-QOL scores of
IBS-D and IBS-M.

Individual subscales

Food avoidance: Food avoidance score was signi
ficantly different amongst IBS-subtypes (P = 0.02).
Patients with IBS-D (45.0; 95%CI: 34.8-55.2) and
IBS-M (47.2; 95%CI: 40.7-53.7) had a significantly
lower food avoidance score than IBS-C (61.1; 95%CI:
50.8-71.3, P = 0.04 for both). IBS-D and IBS-M had
comparable food avoidance subscale scores.
Interference with activity: There was significant
difference in interference with activity subscale score
amongst IBS-subtypes (P < 0.001). IBS-D patients
(59.6; 95%CI: 51.4-67.7) and IBS-M patients (82.3;
95%CI: 74.1-90.6) both had significantly more
interference with their activities than patients with
IBS-C (81.0; 95%CI: 74.6-87.4, P < 0.001 for both).
Relationship: Relationship subscale was also
significantly different amongst IBS-subtypes (P =
0.03). Relationships were significantly more affected in
patients with IBS-M (73.3; 95%CI: 68.4-78.2) when
compared with patients with IBS-C (84.7; 95%CI:
77.2-92.2, P = 0.02).
Social reaction: There was significant difference in
social reaction subscale score amongst IBS-subtypes (P
= 0.008). IBS-M patients had significantly lower social
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or IBS-C may qualify for the diagnosis of IBS-M over
time. It is possible that these mixed patients were
more similar to IBS-D patients than those with IBS-C
in our population. Others have reported similarities
between IBS-M patients and IBS-D in terms of
defecation urgency, which at least partly explains low
subscale scoring in the food avoidance and interference
[14]
with activity domains in patients with IBS-M .
We found that patients with IBS-D and IBS-M had
significantly more food avoidance when compared with
IBS-C patients. Many patients with IBS attribute their
gastrointestinal symptoms to diet and - as a result
- a majority of patients restrict the consumption of
[27]
perceived culprit foods . Self-reported food avoidance
has also been associated with high symptom burden
[28]
and a reduced QOL . Studies have shown that
fermentable carbohydrates could increase colonic gas
production, small intestinal water volume, and small
intestinal motility and thus exacerbate IBS symptoms
like pain, bloating, and diarrhea. In fact, fasting and
diets restricted in fermentable carbohydrates were
demonstrated to improve gastrointestinal symptoms
including pain, bloating, and diarrhea in patients with
[29-31]
IBS
. Thus, significantly higher food avoidance in
IBS-D patients could be result of self- or physicianadvised restriction to minimize these gastrointestinal
symptoms.
IBS is known to interfere with the physical aspects
of health-related QOL including daily activities and
[11,32,33]
work productivity
, yet limited data is available
on the effect of IBS subtype on daily activities. In our
study, patients with IBS-D and IBS-M had significantly
more interference with their activities because of their
[23]
disease than other IBS subtypes. Schmulson et al
also reported similar findings in female patients with
IBS. Increased bowel frequency could understandably
limit the ability of individual to go out and thus engage
in daily activities like work, travel, and other social/
leisure activities.
Thus, bowel frequency appears to be an important
determinant of physical activity domain of QOL. This
is further confirmed by the observation that the 5HT3receptor antagonist alosetron, which improves stool
consistency and frequency in these patients, also
[34]
improved physical activity and work productivity .
This data argues that clinicians should focus on
adequately controlling diarrheal symptoms in IBS-D
patients in addition to addressing the pain and
abdominal discomfort that are the hallmarks of IBS.
We found that IBS had a significantly greater
impact on relationships in IBS-M patients when
[33]
compared to IBS-C patients. Silk
reported that
about one-fifth of married or cohabitating IBS
patients reported difficulties in personal relationships
due to their illness. More than half also reported
embarrassment at the workplace. Interpersonal
problems are reported to be more pronounced IBS-D
[35]
patients . Psychodynamic interpersonal therapy and
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improvement in interpersonal difficulties have not only
been shown to improve psychological distress but also
[36]
overall health status in patients with IBS . Thus,
patients with IBS-M might be benefit from counseling
and interpersonal therapy.
Our study has some limitations. We did not study
other factors known to affect the QOL in IBS such as
somatic comorbidities, psychiatric comorbidities, and
disease severity - which could have confounded our
results. As a surrogate of gastrointestinal symptom
severity, PAGI-SYM was used in our study as it is
routinely administered to every patient coming to our
functional gastrointestinal disorder clinic. Although
PAGI-SYM has not been validated as a measure of
symptoms severity in IBS patients, the components
of the PAGI-SYM score, including bloating, lower
abdominal pain, upper abdominal pain, and early
satiety are all domains used to assess IBS symptom
[37]
severity in IBS severity scales .
We found that overall PAGI-SYM score as well
as individual subcomponent scores did not differ
significantly among IBS subtype, suggesting similar
disease severity amongst patients in our study
population. The sample size of our study was also
small, and similar studies should be repeated on
larger number of IBS patients. Because these findings
are derived from patients attending a tertiary care
center, our study may not be easily generalized to IBS
patients seen in community gastrointestinal practices
or in the primary care setting. However, clinicians in
these settings should also pay attention to these QOL
domains.
We demonstrated that IBS-D and IBS-M patients
have an overall lower IBS-QOL than IBS-C patients.
Clinicians should pay special attention to patientreported food avoidance, interference with daily
activities, social reactions and problems with relation
ships, which are more prominent in IBS-D and IBS-M
than other subtypes patients and drive a lower
disease-specific QOL.

COMMENTS
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Patients with irritable bowel syndrome (IBS) have been shown to have poorer
specific quality of life (QOL) than normal population and those with chronic
diseases. QOL has been shown to correlate with health-care utilization,
economic burden, disability and response to treatment.

Research frontiers

As general QOL questionnaires could minimize the impact of gastrointestinal
symptoms on QOL in patients with IBS, researchers have developed several
disease specific QOL. IBS-QOL is the most validated disease specific QOL
measuring instrument. The current research hotspot is to understand the
determinants of IBS-QOL.

Innovations and breakthroughs

The effect of IBS-subtypes on IBS-QOL is not very clear as most of the previous
studies have used generalized QOL questionnaires like SF-36. To overcome
this problem, the authors studied the effect of IBS-subtype on IBS-QOL and its
eight subscales in patients with IBS at a tertiary healthcare center in the United
States. The authors showed that IBS- diarrhea (IBS-D) and IBS-mixed (IBS-M)
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patients have an overall lower IBS-QOL than IBS-constipation patients.

12

The study results suggest that clinicians should pay special attention to patientreported food avoidance, interference with daily activities, and problems
with relationships, which are more prominent in IBS-D and IBS-M than other
subtypes patients and drive a lower disease-specific QOL in these patients.

13

Applications

Terminology

IBS is the most common functional gastrointestinal disorder characterized by
abdominal pain or discomfort along with alteration of bowel habits (frequency
and/or or consistency) in absence of an organic cause. Based on predominant
bowel habit, it is further divided into IBS-diarrhea, IBS-constipation, IBS-mixed
and IBS-unspecified. IBS-QOL is a disease specific QOL questionnaire that
assesses QOL in IBS patients along eight domains: dysphoria, interference with
activities, body image, health worry, food avoidance, social reactions, sexual
health, and effect on relationships.
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This is an interesting study where authors have shown that IBS-subtype could
affect the IBS-QOL. This suggests that clinicians (gastroenterologists and
primary care doctors) should pay attention to patients’ specific complaints like
food avoidance, interference with activity, social reactions and relationship
problems which lower the QOL in IBS-D and IBS-M patients.
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Abstract
AIM: To assess the effect of technical parameters on
outcomes of transjugular intrahepatic portosystemic
shunt (TIPS) created using a stent graft.
METHODS: The medical records of 68 patients who
underwent TIPS placement with a stent graft from
2008 to 2014 were reviewed by two radiologists
blinded to the patient outcomes. Digital Subtraction
Angiographic images with a measuring catheter in two
orthogonal planes was used to determine the TIPS
stent-to-inferior vena cava distance (SIVCD), hepatic
vein to parenchymal tract angle (HVTA), portal vein
to parenchymal tract angle (PVTA), and the accessed
portal vein. The length and diameter of the TIPS stent
and the use of concurrent variceal embolization were
recorded by review of the patient’s procedure note.
Data on re-intervention within 30 d of TIPS placement,
recurrence of symptoms, and survival were collected
through the patient’s chart. Cox proportional regression
analysis was performed to assess the effect of these
technical parameters on primary patency of TIPS, time
to recurrence of symptoms, and all-cause mortality.
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RESULTS: There was no significant association

8110

July 14, 2015|Volume 21|Issue 26|

Andring B et al . Effect of technical factors on TIPS

between the SIVCD and primary patency (P = 0.23),
time to recurrence of symptoms (P = 0.83), or allcause mortality (P = 0.18). The 3, 6, and 12-mo
primary patency rates for a SIVCD ≥ 1.5 cm were
82.4%, 64.7%, and 50.3% compared to 89.3%,
83.8%, and 60.6% for a SIVCD of < 1.5 cm (P = 0.29).
The median time to stenosis for a SIVCD of ≥ 1.5 cm
was 19.1 mo vs 15.1 mo for a SIVCD of < 1.5 cm (P
= 0.48). There was no significant association between
the following factors and primary patency: HVTA (P =
0.99), PVTA (P = 0.65), accessed portal vein (P = 0.35),
TIPS stent diameter (P = 0.93), TIPS stent length (P =
0.48), concurrent variceal embolization (P = 0.13) and
reinterventions within 30 d (P = 0.24). Furthermore,
there was no correlation between these technical
parameters and time to recurrence of symptoms or
all-cause mortality. Recurrence of symptoms was
associated with stent graft stenosis (P = 0.03).

created shunts due to its equivalent efficacy, decreased
cost, and improved outcomes with future orthotropic
[1-4]
liver transplantation
. Though originally used in
[5-7]
the context of variceal bleeding
, the indications
for a TIPS quickly expanded to include refractory
[8-11]
[12,13]
ascites
, Budd-Chiari syndrome
, and hepatic
[14-17]
hydrothorax
. TIPS were initially created using
bare-metal stents, which had poor primary patency
rates requiring stent revision up to a rate of 50%
[18-20]
within 1 year of creation
. There has been many
theorized causes for the poor primary patency rates:
(1) early acute thrombosis, often caused by technical
failure (e.g., stent shortening or migration) or a biliarystent fistula; (2) parenchymal stenosis resulting from
a fibrotic healing response to the trauma of shunt
creation; and (3) late “pseudointimal” hyperplasia of
the hepatic vein occurring between 3 mo and 1 year
[21-25]
after TIPS placement
.
®
Stent grafts including the Viatorr stent graft
®
(Gore Flagstaff, Arizona) have shown superior efficacy
in terms of primary patency and clinical outcomes
compared to bare metallic stents and have, therefore,
[26-29]
replaced bare metal stents for TIPS
. The effect
of various technical parameters influencing primary
patency of TIPS performed with bare metal stents has
been previously studied to varying degrees. A distance
greater than 2 cm between the hepatic venous end
of the stent and the hepatic vein-inferior vena cava
confluence - stent to inferior vena cava distance
(SIVCD) (Figure 1), has been identified as one of the
main technical factors affecting the patency of TIPS
[30]
created with a bare-metal stent . Late stenosis (after
3 mo) of a bare metal stent is secondary to pseudo[21-25]
intimal hyperplasia
. Prior studies on stent grafts
have suggested that they are less predisposed to
pseudo-intimal hyperplasia as compared to the bare
[31,32]
metal stents
. The effect of SIVCD, the hepatic
vein-parenchymal tract angle (HVTA, Figure 2) and
portal vein-parenchymal tract angle (PVTA, Figure
2), stent graft diameter, stent graft length, and the
accessed portal vein on the outcomes of TIPS have not
been well studied after the introduction of stent grafts
for TIPS. The purpose of this study is to evaluate the
effect of these selected technical factors on the primary
shunt patency, time to recurrence of symptoms and
®
survival following TIPS created with a Viatorr stent
®
graft (Gore Flagstaff, Arizona).

CONCLUSION: TIPS stent-to-caval distance and
other parameters have no significant effect on primary
patency, time to recurrence of symptoms, or all-cause
mortality following TIPS with a stent-graft.
Key words: Transjugular intrahepatic portosystemic
shunt; Stents; Mortality; Portal Hypertension; Technique;
Outcomes
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Current knowledge on the technical factors
influencing the patency of transjugular intrahepatic
portosystemic shunts (TIPS) is limited to the published
data on TIPS created using bare-metal stents.
However, stent grafts have replaced bare metal stents
in TIPS creation. In this paper, we rigorously analyzed
the effects of various technical factors on patency of
TIPS created with stent grafts and also demonstrated
how these factors influenced time to recurrence
of symptoms and all-cause mortality. Our results
challenge the accepted assumption that placement of
the hepatic venous end of the stent beyond 1.5 cm of
the hepatocaval confluence decreases primary shunt
patency rates.
Andring B, Kalva SP, Sutphin P, Srinivasa R, Anene A, Burrell
M, Xi Y, Pillai AK. Effect of technical parameters on transjugular
intrahepatic portosystemic shunts utilizing stent grafts. World J
Gastroenterol 2015; 21(26): 8110-8117 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i26/8110.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i26.8110

MATERIALS AND METHODS
Study population

The institutional review boards of two institutions
from which the data were gathered approved this
retrospective study and waived the requirement for
an informed consent. A database of patients who had
TIPS preformed from 2008 to 2014 was generated.
Patients lost to follow up were censored from the
analysis. Sixty-eight patients with appropriate imaging

INTRODUCTION
The transjugular intrahepatic portosystemic shunt
(TIPS) is widely used in the management of portal
hypertension and supplanted the use of surgically

WJG|www.wjgnet.com
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A
148°
73°

Figure 2 Digital subtraction illustrating the definition of hepatic vein to
parenchymal tract angle (148° above) and portal vein to parenchymal tract
angle (73° above).

B

Table 1 Demographic information of 68 patients included
in this study including gender, age, Child Pugh class, and
indication for transjugular intrahepatic portosystemic shunt
Demographic factor
Male
Female
Average age, yr
Child Pugh Class
A
B
C
Indication1
Variceal bleeding
Ascites
Hepatic hydrothorax
Hepatorenal syndrome

Figure 1 Digital substraction angiography showing the placement of
the hepatic venous end of the transjugular intrahepatic portosystemic
shunt stent. A: Hepatic venous end of the stent at the hepatocaval junction
(short arrow); B: Placement of the hepatic venous end of the stent away from
the hepatocaval junction (arrow denotes end of stent, arrowhead denotes
hepatocaval junction, and triangle denotes unstented hepatic vein).

studies and follow up were included in the study. The
demographic information of the patients including the
indication for TIPS is presented in Table 1. The etiology
of cirrhosis included alcoholic (55%), hepatitis C (32%),
non-alcoholic steatohepatitis (8%) and other (5%,
hepatitis B, autoimmune, primary biliary cirrhosis,
and cryptogenic). TIPS was placed according to the
latest 2009 American Association for the Study of
[33]
Liver Diseases 2009 Guidelines . The indications for
the procedure included: refractory variceal bleeding,
refractory ascites, hepatic hydrothorax, hepatorenal
syndrome, or a combination of these factors.

10 (14.7)
44 (64.7)
14 (20.6)
38 (55.9)
38 (55.9)
8 (11.8)
1 (1.5)

1

The indications do not sum to 100% as some patients had more than one
indication.

of 0.98, 0.91, and 0.93, respectively. No measurement
had more than a 10% discrepancy and, therefore,
no measurements were discarded for analysis.
The accessed portal vein was also determined by
review of angiographic images. The TIPS stent graft
diameter, TIPS stent graft length, and final TIPS
balloon angioplasty diameter s were determined by
review of the procedure note. Electronic chart review
was performed to review interventions within first
30 d after TIPS creation, the time to recurrence of
symptoms, United States Doppler studies, repeat
venography and/or TIPS interventions, and mortality.

Data review

Two radiologists blinded to the outcomes of this
study independently reviewed the angiographic
images obtained during TIPS placement. Digital
subtraction angiographic images were utilized for
the measurement of the SIVCD, HVTA, and PVTA. A
measuring catheter positioned within the stent graft
was used to calculate the SIVCD. All patients included
in this study had a TIPS completion venogram that
depicted the confluence of the IVC and the hepatic
vein. The HVTA and PVTA were measured in right
anterior oblique view. The two observers had excellent
correlation with the interclass correlation coefficients
for the measured variables of SIVCD, HVTA, and PVTA
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n (%)
35 (51.5)
33 (48.5)
55.5

TIPS procedure

The median pre-TIPS and post-TIPS portosystemic
gradient for this cohort was 18 (Range 7-42) mmHg
and 6 (Range 1-10) mmHg, respectively. In 64% of
patients, a large physiological portosystemic shunt was
observed, which could explain the low median preTIPS portosystemic gradient. All patients included in
this study achieved a portosystemic gradient of < 12
®
following TIPS. All stents placed were Viatorr stent
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®

grafts (Gore Flagstaff, Arizona).
The SIVCD distance ranged from 0.0 to 3.8 cm.
The HVTA and PVTA ranged from 117°-180° and
71°-176°, respectively. The accessed portal vein varied
and included the main portal vein (n = 4, 6.0%), right
portal vein (n = 31, 46.3%), first order right portal vein
(n = 25, 37.3%), left portal vein (n = 5, 7.5%), and
first order left portal vein (n = 2, 3.0%). The diameter
of the stent graft used included 8 mm (n = 45, 66.2%)
and 10 mm (n = 23, 33.8%). The stent graft length
varied based on the patient’s anatomy and included 6
cm (n = 10, 15.2%), 7 cm (n = 28, 42.5%), 8 cm (n
= 16, 24.2%), 9 cm (n = 6, 9.1%), and 10 cm (n = 6,
9.1%). An 8 mm balloon was used initially for 10 mm
stent grafts with further dilation with a 10 mm balloon
if needed. The maximum balloon dilation diameter
included either 8 mm (n = 45, 66.2%) or 10 mm (n
= 23, 33.8%). Variceal embolization was performed
following TIPS if any significant gastroesophageal
varices were still visualized following TIPS.

simultaneous effect of all eight technical parameters
(SIVCD, HVTA, PVTA, accessed portal vein, TIPS stent
diameter, TIPS stent length, final balloon diameter, and
reintervention within 30 d) on primary patency, time
to recurrence of symptoms, and all-cause mortality.
The association between recurrence of symptoms and
2
stent graft stenosis was also evaluated via a χ test.
Effects with P value less than 0.05 were considered as
statistically significant. All analyses were conducted in
®
statistical software package SAS 9.3. The statistical
methods of this study were reviewed by Yin Xi from
the University of Texas Southwestern Medical Center.

RESULTS
Cox proportional regression analysis did not show any
association between the TIPS stent to IVC distance
(SIVCD) and primary patency (P = 0.23), time to
recurrence of symptoms (P = 0.83), and all-cause
mortality (P = 0.18). The data was also split into two
groups for Kaplan-Meier analysis using 1.5 cm as the
cutoff (N greater than 1.5 cm- 19, N less than or equal
to 1.5 cm- 49). There was no statistically significant
difference between the two groups in terms of age,
sex, indication for procedure, etiology of cirrhosis,
or Child-Pugh class. The 3, 6, and 12-mo primary
patency rates for a SIVCD ≥ 1.5 cm were 82.4%
(SE = 9.3%), 64.7% (SE = 11.6%), and 50.3% (SE
= 12.7%) compared to 89.3% (SE = 4.5%), 83.8%
(SE = 5.7%), and 60.6% (SE = 8.6%) for a SIVCD of
< 1.5 cm as shown in Figure 3. The median time to
stenosis for a SIVCD of ≥ 1.5 cm was 19.1 mo (SE =
4.0 mo) compared to 15.1 mo (with SE = 2.2 mo) for
an SIVCD < 1.5 cm (Kaplan-Meier analysis, P = 0.29).
After one year, 57% (SE = 6.6%) of the patients with
a SIVCD less than 1.5 cm were without symptoms vs
53% (with SE = 10.5%) of the patients with a SIVCD
greater than 1.5 cm. (Kaplan-Meier analysis, P = 0.64)
In the cohort with a SIVCD of greater than 1.5 cm, the
patients who had recurrence of symptoms all recurred
with the same symptom that served as the primary
indication for the procedure. In the cohort with a
SIVCD of less than 1.5 cm, there were three patients
who had recurrence of symptoms that differed from
their primary indication as two patients had a TIPS
placed for recurrent ascites who recurred with variceal
bleeding and one patient had a TIPS placed for variceal
bleeding who recurred with recurrent ascites. After one
year, the survival rate of the cohort of patients with a
SIVCD less than 1.5 cm were 74% (with SE = 6.0%)
vs 81% (with SE = 7.8%) for the cohort of patients
with a stent graft distance greater than 1.5 cm. Figure
3 shows the primary patency, time to recurrence
of symptoms, and all-cause mortality as a function
of time. As expected, recurrence of symptoms was
associated with stent graft stenosis with P value 0.0275
2
(χ test).
Furthermore, cox proportional hazard regression

Follow-up

The median follow up time was 11.2 mo. Patients
were regularly followed with clinical and imaging
follow-up performed at interval time points using
TIPS ultrasound or when the patient presented with
recurrence of symptoms. The determination of TIPS
stenosis using ultrasound was based on established
[34,35]
velocity thresholds of approximately 90-190 cm/s
.
However, given these reference ranges can vary
significantly with respiration and Doppler angle, all
identified stenosis were confirmed with follow up
venography. A stenosis on venography was defined as
a portosystemic gradient greater than 12 mmHg and/
or 50% narrowing on angiographic images (confirmed
on two orthogonal views). A stenosis identified on
venography was treated with angioplasty +/- additional
stenting. In a few select patients (n-3), venography
was performed without preceding ultrasound due to
high pre-test probability of stenosis given recurrence
of clinical symptoms. Patients lost to follow up were
censored at the time of the last known imaging of the
shunt (either duplex ultrasound or shunt venography).
Patients who underwent liver transplantation were also
censored at the time of transplantation (n = 3).

Statistical analysis

Cox proportional hazard regression analysis was
performed using SIVCD as a continuous variable for
its effect on primary patency, time to recurrence of
symptoms, and all-cause mortality. Using 1.5 cm
as the cutoff, Kaplan-Meier survival analyses were
used to test any difference in primary patency, time
to recurrence of symptoms, and all-cause mortality
between SIVCD ≤ 1.5 cm or > 1.5 cm. The cutoff of 1.5
cm was chosen as it was similar to the 2.0 cm cutoff
[30]
used in a prior study . Then, cox proportional hazard
multivariate regression analysis was performed on the
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A

1.0

Primary patency

0.8
% Patent stents

Table 2 Results of cox regression analysis for transjugular
intrahepatic portosystemic shunt placed with a stent-graft

Censored
Less than or equal to 1.5
More than 1.5

0.6
SIVCD
HVTA
PVTA
Accessed portal vein
TIPS stent diameter
TIPS stent length
Final balloon diameter
Variceal Embolization
< 30 d of intervention

0.4

0.2

0.0
0

% Patients without symptoms

B

10

1.0

t /mo

Time to recurrence of
symptoms

20

30

0.8

0.6

All-cause
mortality
P value

0.23
0.99
0.65
0.35
0.93
0.48
0.99
0.13
0.24

0.83
0.62
0.25
0.93
0.69
0.58
0.43
0.43
0.33

0.18
0.16
0.17
0.67
0.37
0.69
0.22
0.30
0.54

Finally, the accessed portal vein, TIPS stent graft
diameter, TIPS stent graft length, final TIPS balloon
angioplasty diameter, presence of concurrent variceal
embolization or reintervention within first 30 d had no
statistically significant effect on primary stent patency,
time to recurrence of symptoms, or all-cause mortality
(Table 2).

0.4

0.2

0

1.0

500

1000
t /d

All-cause mortality

1500

2000

DISCUSSION
The standard for positioning the hepatic venous end
of the stent graft during TIPS creation is based on
[30]
the study by Clark et al
that reported results from
TIPS created using bare-metal stents. In this study,
authors reported superior primary patency of TIPS
when the hepatic venous end of the bare metal stent
used for TIPS creation was positioned within 2 cm of
the confluence between the hepatic vein and the IVC.
Though early stenosis can be attributed to procedural
complications (i.e., biliary-stent fistulas), late stenosis
of a bare metal stent (especially after 3 mo) is mainly
[21-25]
secondary to pseudo-intimal hyperplasia
. Prior
research on stent grafts has suggested that they are
less predisposed to pseudo-intimal hyperplasia as
[31,32]
compared to the bare metal stents
. For instance,
[31]
Huang et al found a statistically significant decrease
in the incidence of intimal hyperplasia with stent grafts
compared to that with bare metal stents (33% vs 3%,
respectively, P < 0.01) in a study involving 60 patients
who underwent TIPS.
Our results support the hypothesis that stent grafts
are less predisposed to pseudo-intimal hyperplasia as
there was no significant effect of SIVCD on primary
patency of TIPS. This was further substantiated by
the finding that there was no difference in clinical
outcomes such as time to recurrence of symptoms or
all-cause mortality. Our study shows that positioning
the hepatic venous end of the stent graft within 1.5
cm of hepatocaval junction during TIPS creation may

Censored
Less than or equal to 1.5
More than 1.5

0.8
% Living patients

Time to recurrence
of symptoms
P value

There was no statistically significant effect (i.e., P < 0.05) of any of the
above variables on primary patency, time to recurrence of symptoms, or
all-cause mortality. TIPS: Transjugular intrahepatic portosystemic shunt;
SIVCD: Stent-to-inferior vena cava distance; HVTA: Hepatic vein to
parenchymal tract angle; PVTA: Portal vein to parenchymal tract angle.

Censored
Less than or equal to 1.5
More than 1.5

0.0

C

Primary
patency
P value

0.6

0.4

0.2

0.0
0

500

1000
t /d

1500

2000

Figure 3 Kaplan-Meier curves following placement of a transjugular
intrahepatic portosystemic shunt using a stent-graft when the stent-toinferior vena cava distance was less than or equal to 1.5 cm and more
than 1.5 cm. A: Primary patency as a function of time; B: Time to recurrence of
symptoms as a function of time; C: All-cause mortality as a function of time.

analysis did not show any association between the
HVTA and primary patency (P = 0.99), recurrence of
symptoms (P = 0.62), and all-cause mortality (P =
0.16). Similarly, cox proportional hazard regression
analysis did not show any association between the
PVTA and primary patency (P = 0.65), recurrence of
symptoms (P = 0.25), and all-cause mortality (P =
0.17).

WJG|www.wjgnet.com

8114

July 14, 2015|Volume 21|Issue 26|

Andring B et al . Effect of technical factors on TIPS
not be necessary, unlike what was reported with bare
metallic stents.
Stent graft geometry including the HVTA and PVTA
was not well studied with bare metal stents or stent
grafts. Despite early thoughts that shear stress from
stent angulation may contribute to stenosis, two series
[36]
presented only in abstract form (Perry et al
and
[37]
Weeks et al ) with 19 and 61 patients, respectively,
had shown that stent geometry (i.e., HVTA and PVTA)
had no effect on primary patency. Our data further
supports there is no significant correlation between
HVTA/PVTA and primary patency. Furthermore, our
data further showed that stent graft angulation did
not affect time to recurrence of symptoms or all-cause
mortality.
Our results showed that there was no statistically
significant effect of stent graft length, stent graft
diameter, and final balloon angioplasty diameter on
primary patency, time to recurrence of symptoms,
or all-cause mortality. Therefore, during TIPS stent
creation, focus should be on the combined effect of
these technical factors on the pressure gradient and
anatomic considerations as opposed to focusing on any
one of the individual above parameters alone for the
purposes of increasing primary stent patency.
The accessed portal vein also had no statistically
effect on primary patency, time to recurrence of
symptoms, or all-cause mortality. The right hepatic
vein is usually chosen to access the right portal vein
as the anterior approach reduces the likelihood of
extra capsular puncture. Our data shows there is no
indication to change this choice of hepatic vein to
portal vein based on any gain in the primary patency
of the stent.
Our data does not show any statistical correlation
between reintervention within the first 30 d and more
long term primary patency, time to recurrence of
symptoms, or all-cause mortality. Therefore, short
term patency may not be a good predictor of long term
patency. This is consistent with prior reports which
showed that the factors resulting in early thrombosis
(i.e., stent migration, stent shortening, biliary-stent
fistulas) differ from those affecting long term patency
(i.e., pseudo-intimal hyperplasia).
This study has limitations. First, it was a retrospective
study from only two institutions and included a
moderate number of patients. A prospective, large
cohort, multi-institutional study is desirable; however,
we believe that between the two institutions included
in this study, there was a wide range of patient
populations. This study is also limited as it only had
a moderate follow up time interval. However, as
above, prior research has shown that pseudo-intimal
hyperplasia typically occurs within 3 mo to one year
following placement of the TIPS, which is within the
follow up interval. Long term follow up is desirable.
Given the similar patient characteristics including
gender, age, MELD score, and indication for procedure
across the two groups of SIVCD, confounding factors
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were minimized.
In conclusion, the positioning of hepatic venous
end of TIPS stent graft in relation to hepatic vein
- inferior vena cava confluence has little effect on
the primary patency rate, time to recurrence of
symptoms, and all-cause mortality following TIPS.
Similarly, other technical factors such as hepatic vein
to parenchymal tract angle, portal vein to parenchymal
tract angle, TIPS stent graft diameter, TIPS stent
length, concurrent variceal embolization and early
re-intervention have no effect on primary patency,
recurrence of symptoms, or all-cause mortality.

COMMENTS
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Background

Patients with cirrhosis have a liver replaced with fibrous tissue that impedes
portal venous blood flow to the liver, resulting in ascites and/or gastrointestinal
bleeding. A transjugular intrahepatic portosystemic shunt (TIPS) diverts this
blood flow through the liver and has been proven to alleviate symptoms. TIPS
were originally placed using a bare-metal stents but now stent grafts are used
due to their improved patency rates. The current literature on the technical
factors to consider when creating a TIPS is based on the data from TIPS
created with bare-metal stents.

Research frontiers

This paper reevaluates the effect of various technical parameters on primary
shunt patency, time to recurrence of symptoms and all-cause mortality following
TIPS created with stent grafts.

Innovations and breakthroughs

Previous studies based on TIPS created with bare metallic stents have
suggested that the positioning of the hepatic venous end of the stent within 2
cm of the hepatic vein - inferior vena cava junction improves primary patency
of TIPS. The study shows that this may no longer be necessary when TIPS is
created with a stent-graft given that it has no effect on primary TIPS patency,
time to recurrence of symptoms and all-cause mortality. Other technical factors,
previously studied to varying degrees, including the angle the stent makes with
the hepatic and portal vein, the length and diameter of TIPS stent, concurrent
variceal embolization, and reinterventions within 30 d have little effect on TIPS
patency, time to recurrence of symptoms, or all-cause mortality.

Applications

The results of this study can be applied during TIPS creation using a stent graft.
Given that the technical parameters have little effect on final outcomes of TIPS,
one should focus on physiological end points to improve clinical outcomes.

Terminology

A bare metal stent is a hollow tube lined with a lattice of metal (either stainless
steel or Nitinol alloy). A stent-graft is a stent with an external (sometimes
internal and external) covering on the metal lattice, typically made of a polymer
of expanded polytetrafluoroethylene.

Peer-review

This manuscript retrospectively re-analyzed the gathered clinical data of of
the transjugular intrahepatic portosystemic shunt used for patients with portal
hypertension.

REFERENCES
1

2

3

8115

D’Amico G, Luca A. TIPS is a cost effective alternative to surgical
shunt as a rescue therapy for prevention of recurrent bleeding
from esophageal varices. J Hepatol 2008; 48: 387-390 [PMID:
18199520 DOI: 10.1016/j.jhep.2007.12.009]
Henderson JM, Boyer TD, Kutner MH, Galloway JR, Rikkers
LF, Jeffers LJ, Abu-Elmagd K, Connor J. Distal splenorenal
shunt versus transjugular intrahepatic portal systematic shunt for
variceal bleeding: a randomized trial. Gastroenterology 2006; 130:
1643-1651 [PMID: 16697728 DOI: 10.1053/j.gastro.2006.02.008]
Menegaux F, Keeffe EB, Baker E, Egawa H, Concepcion W,

July 14, 2015|Volume 21|Issue 26|

Andring B et al . Effect of technical factors on TIPS

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Russell TR, Esquivel CO. Comparison of transjugular and surgical
portosystemic shunts on the outcome of liver transplantation.
Arch Surg 1994; 129: 1018-1023; discussion 1023-1024 [PMID:
7944930 DOI: 10.1001/archsurg.1994.01420340028006]
Rösch J, Hanafee W, Snow H, Barenfus M, Gray R. Transjugular
intrahepatic portacaval shunt. An experimental work. Am J Surg
1971; 121: 588-592 [PMID: 5105031 DOI: 10.1016/0002-9610(71)
90147-4]
Cabrera J, Maynar M, Granados R, Gorriz E, Reyes R, PulidoDuque JM, Rodriguez SanRoman JL, Guerra C, Kravetz D.
Transjugular intrahepatic portosystemic shunt versus sclerotherapy
in the elective treatment of variceal hemorrhage. Gastroenterology
1996; 110: 832-839 [PMID: 8608893 DOI: 10.1053/gast.1996.
v110.pm8608893]
Rössle M, Deibert P, Haag K, Ochs A, Olschewski M, Siegerstetter
V, Hauenstein KH, Geiger R, Stiepak C, Keller W, Blum HE.
Randomised trial of transjugular-intrahepatic-portosystemic shunt
versus endoscopy plus propranolol for prevention of variceal
rebleeding. Lancet 1997; 349: 1043-1049 [PMID: 9107241 DOI:
10.1016/S0140-6736(96)08189-5]
Sanyal AJ, Freedman AM, Luketic VA, Purdum PP, Shiffman
ML, Cole PE, Tisnado J, Simmons S. Transjugular intrahepatic
portosystemic shunts compared with endoscopic sclerotherapy for
the prevention of recurrent variceal hemorrhage. A randomized,
controlled trial. Ann Intern Med 1997; 126: 849-857 [PMID:
9163285 DOI: 10.7326/0003-4819-126-11-199706010-00001]
Albillos A, Bañares R, González M, Catalina MV, Molinero LM.
A meta-analysis of transjugular intrahepatic portosystemic shunt
versus paracentesis for refractory ascites. J Hepatol 2005; 43:
990-996 [PMID: 16139922 DOI: 10.1016/j.jhep.2005.06.005]
D’Amico G, Luca A, Morabito A, Miraglia R, D’Amico M.
Uncovered transjugular intrahepatic portosystemic shunt for
refractory ascites: a meta-analysis. Gastroenterology 2005; 129:
1282-1293 [PMID: 16230081 DOI: 10.1053/j.gastro.2005.07.031]
Deltenre P, Mathurin P, Dharancy S, Moreau R, Bulois P,
Henrion J, Pruvot FR, Ernst O, Paris JC, Lebrec D. Transjugular
intrahepatic portosystemic shunt in refractory ascites: a metaanalysis. Liver Int 2005; 25: 349-356 [PMID: 15780061 DOI:
10.1111/j.1478-3231.2005.01095.x]
Rössle M, Ochs A, Gülberg V, Siegerstetter V, Holl J, Deibert
P, Olschewski M, Reiser M, Gerbes AL. A comparison of
paracentesis and transjugular intrahepatic portosystemic shunting
in patients with ascites. N Engl J Med 2000; 342: 1701-1707
[PMID: 10841872 DOI: 10.1056/NEJM200006083422303]
Michl P, Bilzer M, Waggershauser T, Gülberg V, Rau HG, Reiser
M, Gerbes AL. Successful treatment of chronic Budd-Chiari
syndrome with a transjugular intrahepatic portosystemic shunt.
J Hepatol 2000; 32: 516-520 [PMID: 10735624 DOI: 10.1016/
S0168-8278(00)80405-5]
Perelló A, García-Pagán JC, Gilabert R, Suárez Y, Moitinho E,
Cervantes F, Reverter JC, Escorsell A, Bosch J, Rodés J. TIPS is a
useful long-term derivative therapy for patients with Budd-Chiari
syndrome uncontrolled by medical therapy. Hepatology 2002; 35:
132-139 [PMID: 11786969 DOI: 10.1053/jhep.2002.30274]
Chalasani N, Clark WS, Martin LG, Kamean J, Khan MA,
Patel NH, Boyer TD. Determinants of mortality in patients with
advanced cirrhosis after transjugular intrahepatic portosystemic
shunting. Gastroenterology 2000; 118: 138-144 [PMID: 10611162
DOI: 10.1016/S0016-5085(00)70422-7]
Gordon FD, Anastopoulos HT, Crenshaw W, Gilchrist B, McEniff
N, Falchuk KR, LoCicero J, Lewis WD, Jenkins RL, Trey C.
The successful treatment of symptomatic, refractory hepatic
hydrothorax with transjugular intrahepatic portosystemic shunt.
Hepatology 1997; 25: 1366-1369 [PMID: 9185754 DOI: 10.1002/
hep.510250611]
Haskal ZJ, Zuckerman J. Resolution of hepatic hydrothorax after
transjugular intrahepatic portosystemic shunt (TIPS) placement.
Chest 1994; 106: 1293-1295 [PMID: 7924523 DOI: 10.1378/
chest.106.4.1293]
Strauss RM, Martin LG, Kaufman SL, Boyer TD. Transjugular

WJG|www.wjgnet.com

18

19

20

21

22

23

24

25

26

27
28

29

30

31

8116

intrahepatic portal systemic shunt for the management of
symptomatic cirrhotic hydrothorax. Am J Gastroenterol 1994; 89:
1520-1522 [PMID: 8079930]
LaBerge JM, Somberg KA, Lake JR, Gordon RL, Kerlan RK,
Ascher NL, Roberts JP, Simor MM, Doherty CA, Hahn J. Twoyear outcome following transjugular intrahepatic portosystemic
shunt for variceal bleeding: results in 90 patients. Gastroenterology
1995; 108: 1143-1151 [PMID: 7698582 DOI: 10.1016/0016-5085(
95)90213-9]
Luca A, D’Amico G, La Galla R, Midiri M, Morabito A, Pagliaro L.
TIPS for prevention of recurrent bleeding in patients with cirrhosis:
meta-analysis of randomized clinical trials. Radiology 1999; 212:
411-421 [PMID: 10429698 DOI: 10.1148/radiology.212.2.r99au46
411]
Sahagun G, Benner KG, Saxon R, Barton RE, Rabkin J, Keller FS,
Rosch J. Outcome of 100 patients after transjugular intrahepatic
portosystemic shunt for variceal hemorrhage. Am J Gastroenterol
1997; 92: 1444-1452 [PMID: 9317060]
Saxon RR, Mendel-Hartvig J, Corless CL, Rabkin J, Uchida
BT, Nishimine K, Keller FS. Bile duct injury as a major cause of
stenosis and occlusion in transjugular intrahepatic portosystemic
shunts: comparative histopathologic analysis in humans and swine.
J Vasc Interv Radiol 1996; 7: 487-497 [PMID: 8855524 DOI:
10.1016/S1051-0443(96)70789-3]
Sze DY, Vestring T, Liddell RP, Kato N, Semba CP, Razavi MK,
Kee ST, Dake MD. Recurrent TIPS failure associated with biliary
fistulae: treatment with PTFE-covered stents. Cardiovasc Intervent
Radiol 1999; 22: 298-304 [PMID: 10415219 DOI: 10.1007/
s002709900392]
Terayama N, Matsui O, Kadoya M, Yoshikawa J, Gabata T,
Miyayama S, Takashima T, Kobayashi K, Nakanishi I, Nakanuma
Y. Transjugular intrahepatic portosystemic shunt: histologic and
immunohistochemical study of autopsy cases. Cardiovasc Intervent
Radiol 1997; 20: 457-461 [PMID: 9354716 DOI: 10.1007/
s002709900193]
Ducoin H, El-Khoury J, Rousseau H, Barange K, Peron JM,
Pierragi MT, Rumeau JL, Pascal JP, Vinel JP, Joffre F. Histopa
thologic analysis of transjugular intrahepatic portosystemic shunts.
Hepatology 1997; 25: 1064-1069 [PMID: 9141418 DOI: 10.1002/
hep.510250503]
Teng GJ, Bettmann MA, Hoopes PJ, Ermeling BL, Yang L, Wagner
RJ. Transjugular intrahepatic portosystemic shunt in a porcine model:
histologic characteristics at the early stage. Acad Radiol 1998; 5:
547-555 [PMID: 9702265 DOI: 10.1016/S1076-6332(98)80206-7]
Cejna M, Peck-Radosavljevic M, Thurnher SA, Hittmair K,
Schoder M, Lammer J. Creation of transjugular intrahepatic portosy
stemic shunts with stent-grafts: initial experiences with a poly
tetrafluoroethylene-covered nitinol endoprosthesis. Radiology 2001;
221: 437-446 [PMID: 11687688 DOI: 10.1148/radiol.2212010195]
Saxon RR. A new era for transjugular intrahepatic portosystemic
shunts? J Vasc Interv Radiol 2004; 15: 217-219 [PMID: 15028804
DOI: 10.1097/01.RVI.0000116862.34422.A5]
Bureau C, Garcia-Pagan JC, Otal P, Pomier-Layrargues G,
Chabbert V, Cortez C, Perreault P, Péron JM, Abraldes JG,
Bouchard L, Bilbao JI, Bosch J, Rousseau H, Vinel JP. Improved
clinical outcome using polytetrafluoroethylene-coated stents for
TIPS: results of a randomized study. Gastroenterology 2004; 126:
469-475 [PMID: 14762784 DOI: 10.1053/j.gastro.2003.11.016]
Rossi P, Salvatori FM, Fanelli F, Bezzi M, Rossi M, Marcelli G,
Pepino D, Riggio O, Passariello R. Polytetrafluoroethylene-covered
nitinol stent-graft for transjugular intrahepatic portosystemic shunt
creation: 3-year experience. Radiology 2004; 231: 820-830 [PMID:
15118117 DOI: 10.1148/radiol.2313030349]
Clark TW, Agarwal R, Haskal ZJ, Stavropoulos SW. The effect of
initial shunt outflow position on patency of transjugular intrahepatic
portosystemic shunts. J Vasc Interv Radiol 2004; 15: 147-152
[PMID: 14963180 DOI: 10.1097/01.RVI.0000109401.52762.56]
Huang Q, Wu X, Fan X, Cao J, Han J, Xu L, Li N. Comparison
study of Doppler ultrasound surveillance of expanded polytetra
fluoroethylene-covered stent versus bare stent in transjugular

July 14, 2015|Volume 21|Issue 26|

Andring B et al . Effect of technical factors on TIPS

32

33

34

intrahepatic portosystemic shunt. J Clin Ultrasound 2010; 38:
353-360 [PMID: 20533444]
Marin ML, Veith FJ, Cynamon J, Parsons RE, Lyon RT, Suggs
WD, Bakal CW, Waahl S, Sanchez LA, Yuan JG, Ohki T. Effect
of polytetrafluoroethylene covering of Palmaz stents on the
development of intimal hyperplasia in human iliac arteries. J Vasc
Interv Radiol 1996; 7: 651-656 [PMID: 8897327 DOI: 10.1016/
S1051-0443(96)70823-0]
Boyer TD, Haskal ZJ. The Role of Transjugular Intrahepatic
Portosystemic Shunt (TIPS) in the Management of Portal
Hypertension: update 2009. Hepatology 2010; 51: 306 [PMID:
19902484]
Ferguson JM, Jalan R, Redhead DN, Hayes PC, Allan PL. The
role of duplex and colour Doppler ultrasound in the follow-up

35

36
37

evaluation of transjugular intrahepatic portosystemic stent shunt
(TIPSS). Br J Radiol 1995; 68: 587-589 [PMID: 7627478 DOI:
10.1259/0007-1285-68-810-587]
Kanterman RY, Darcy MD, Middleton WD, Sterling KM, Teefey
SA, Pilgram TK. Doppler sonography findings associated with
transjugular intrahepatic portosystemic shunt malfunction. AJR Am
J Roentgenol 1997; 168: 467-472 [PMID: 9016228 DOI: 10.2214/
ajr.168.2.9016228]
Perry LJAP, Brophy DP, Lang EV. Does the geometry of TIPS
predict the likelihood of subsequent shunt dysfunction [abstract]? J
Vascular Intervent Radiol 2000; 11 (suppl): 297
Weeks SMRK, Sandhu J, Shrestha R, Jaques PF, Mauro MA.
TIPS: does shunt geometry affect patency [abstract]? J Vascular
Intervent Radiol 2001; 12 (suppl): 138
P- Reviewer: He ST S- Editor: Qi Y L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

8117

July 14, 2015|Volume 21|Issue 26|

World J Gastroenterol 2015 July 14; 21(26): 8118-8124
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i26.8118

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Efficacy of endoscopic ultrasonography-guided fine needle
aspiration for pancreatic neuroendocrine tumor grading
Mitsuru Sugimoto, Tadayuki Takagi, Takuto Hikichi, Rei Suzuki, Ko Watanabe, Jun Nakamura, Hitomi Kikuchi,
Naoki Konno, Yuichi Waragai, Hiroyuki Asama, Mika Takasumi, Hiroshi Watanabe, Katsutoshi Obara,
Hiromasa Ohira
licenses/by-nc/4.0/

Mitsuru Sugimoto, Tadayuki Takagi, Rei Suzuki, Jun
Nakamura, Hitomi Kikuchi, Naoki Konno, Yuichi Waragai,
Hiroyuki Asama, Mika Takasumi, Hiroshi Watanabe, Hiromasa
Ohira, Department of Gastroenterology and Rheumatology,
Fukushima Medical University, School of Medicine, Fukushima
City, Fukushima Prefecture 960-1295, Japan

Correspondence to: Tadayuki Takagi, MD, Associate Professor,
Department of Gastroenterology and Rheumatology, Fukushima
Medical University, School of Medicine, 1 Hikarigaoka,
Fukushima City, Fukushima Prefecture 960-1295,
Japan. daccho@fmu.ac.jp
Telephone: +81-24-5471202
Fax: +81-24-5472055

Takuto Hikichi, Ko Watanabe, Katsutoshi Obara, Department
of Endoscopy, Fukushima Medical University Hospital, Fukushima
City, Fukushima Prefecture 960-1295, Japan

Received: January 19, 2015
Peer-review started: January 22, 2015
First decision: March 10, 2015
Revised: March 27, 2015
Accepted: May 20, 2015
Article in press: May 21, 2015
Published online: July 14, 2015

Author contributions: Sugimoto M designed and performed
the research and wrote the paper; Takagi T designed the research
and supervised the report; Hikichi T designed the research and
contributed to the analysis; Suzuki R, Watanabe K, Nakamura
J, Kikuchi H, Konno N, Waragai Y, Asama H and Takasumi M
provided clinical advice; Watanabe H, Obara K and Ohira H
supervised the report.
Institutional review board statement: This study was reviewed
and approved by the Ethics Committee of the Fukushima Medical
University Hospital.

Abstract
AIM: To evaluate the efficacy of endoscopic ultra
sonography-guided fine needle aspiration (EUS-FNA)
for grading pancreatic neuroendocrine tumors (PNETs).

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent. For full disclosure, the
details of the study are published on the home page of Fukushima
Medical University.

METHODS: A total of 22 patients were diagnosed
with PNET by EUS-FNA between October 2001 and
December 2013 at Fukushima Medical University
Hospital. Among these cases, we targeted 10 PNET
patients who were evaluated according to the World
Health Organization (WHO) 2010 classification. Surgery
was performed in eight patients, and chemotherapy
was performed in two patients due to multiple liver
metastases．Specimens obtained by EUS-FNA were
first stained with hematoxylin and eosin and then
stained with chromogranin, synaptophysin, CD56, and
Ki-67. The specimens were graded by the Ki-67 index
according to the WHO 2010 classification. Specimens
obtained by surgery were graded by the Ki-67 index
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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and mitotic count (WHO 2010 classification). For the
eight specimens obtained by EUS-FNA, the Ki-67 index
results were compared with those obtained by surgery.
In the two cases treated with chemotherapy, the
effects and prognoses were evaluated.

Nakamura J, Kikuchi H, Konno N, Waragai Y, Asama H,
Takasumi M, Watanabe H, Obara K, Ohira H. Efficacy of
endoscopic ultrasonography-guided fine needle aspiration for
pancreatic neuroendocrine tumor grading. World J Gastroenterol
2015; 21(26): 8118-8124 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i26/8118.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i26.8118

RESULTS: The sampling rate for histological diagnosis
by EUS-FNA was 100%. No adverse effects were
observed. The concordance rate between specimens
obtained by EUS-FNA and surgery was 87.5% (7/8).
For the two cases treated with chemotherapy,
case 1 received somatostatin analog therapy and
transcatheter arterial infusion (TAI) targeting multiple
liver metastases. Subsequent treatment consisted of
everolimus. During chemotherapy, the primary tumor
remained unconfirmed, although the multiple liver meta
stases diminished dramatically. Case 2 was classified
as neuroendocrine carcinoma (NEC) according to
the Ki-67 index of a specimen obtained by EUS-FNA;
therefore, cisplatin and irinotecan therapy was started.
However, severe adverse effects, including renal
failure and diarrhea, were observed, and the therapy
regimen was changed to cisplatin and etoposide. TAI
targeting multiple liver metastases was performed.
Although the liver metastases diminished, the primary
tumor remained unconfirmed. These chemotherapy
regimens had immediate effects for both unresectable
neuroendocrine tumor (NET) and NEC cases. These two
subjects are still alive.

INTRODUCTION
Neuroendocrine tumors (NETs) develop from neuro
endocrine cells distributed throughout the body.
Pancreatic NET (PNET) and gastrointestinal NET are
classified together into G1 and G2 and neuroendocrine
carcinoma (NEC) by the World Health Organization
(WHO) 2010 classification, which is based on growth
[1]
morphology (mitotic count and Ki-67 index) . While
PNET is rare, accounting for only 2%-5% of pancreatic
[2]
tumors , more cases have been reported in recent
years, correlating with the use of more sophisticated
diagnostic imaging methods.
To develop PNET treatment plans, guidelines
have been issued from the National Comprehensive
[3]
Cancer Network (NCCN) , North American Neuroen
[4]
docrine Tumor Society (NANETS) , and European
[5]
Neuroendocrine Tumor Society (ENETS) . Regardless
of grade, the first treatment choice for resectable
tumors is surgery. PNET spreads to the liver in
[6-9]
10%-50% of cases , and treatment of liver metastasis
includes surgery for the primary lesion, transcatheter
arterial embolization, or transcatheter arterial
[5]
chemoembolization . In case of multiple, unresectable
liver metastases or metastases in non-hepatic organs,
[3-5]
antihormone or antitumor therapies are applied .
Antitumor therapy varies between NET and NEC.
Everolimus or sunitinib has been reported to be
[10,11]
useful for NET G1 or G2
. Meanwhile, approved
chemotherapy regimens for NEC based on large clinical
trials do not exist due to scarcity of data. Therefore,
chemotherapy for small cell lung carcinoma is applied,
as its behavior resembles NEC. It has been reported
that the response rate to cisplatin and etoposide
[12,13]
therapy for NEC is 42%-67%
. In addition, cisplatin
and irinotecan therapy has also been used in NEC, as
this therapy has been reported to be more efficient in
[14]
small cell lung carcinoma .
Thus, it is important to sample sufficiently and
accurately establish the grade to enable informed
decisions on the treatment of unresectable PNET.
Endoscopic ultrasonography-guided fine needle
aspiration (EUS-FNA) has been reported to be useful
[15]
for diagnosing pancreatic masses, including NET .
The accuracy of EUS-FNA has been reported as 80%
[16,17]
for diagnosing PNET
. In this study, we evaluated
the efficacy of EUS-FNA for diagnosing the Ki-67 index
grade.

CONCLUSION: EUS-FNA was effective for PNET
diagnosis and Ki-67 index grading for WHO 2010 classi
fication, enabling informed decisions on unresectable
PNET treatment by identifying NET or NEC.
Key words: Pancreatic neuroendocrine tumor; Endoscopic
ultrasonography-guided fine needle aspiration; Ki-67
index; World Health Organization classification 2010;
Chemotherapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the
efficacy of endoscopic ultrasonography-guided fine
needle aspiration (EUS-FNA) for grading pancreatic
neuroendocrine tumors (PNETs). The concordance
rate for grading between specimens obtained by EUSFNA and surgery using the World Health Organization
2010 classification (Ki-67 indexing) was 87.5% in
eight evaluated patients. In the two unresectable
cases, chemotherapy was performed after grading
was established based on the analysis of specimens
obtained by EUS-FNA. Both treatments were adequately
effective. EUS-FNA was useful for diagnosing PNET
and enabled informed decisions on appropriate
treatment plans by identifying neuroendocrine tumor or
neuroendocrine carcinoma.
Sugimoto M, Takagi T, Hikichi T, Suzuki R, Watanabe K,
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Figure 1 Method of endoscopic ultrasonography-guided fine needle aspiration. A: Abdominal contrast computed tomography. An enhancing tumor was
recognized in the body of the pancreas; B: EUS-FNA. The tumor was recognized as a low echoic lesion with distinct boundaries; a 22G needle was inserted into
the tumor; C: A specimen obtained by EUS-FNA (HE staining). Tumor cells with oval nuclei and acidophilic granular cytoplasm proliferated diffusely; D: A specimen
obtained by EUS-FNA (Chromogranin A staining). Tumor cells were Chromogranin A-positive; E: A specimen taken by EUS-FNA (CD56 staining). Tumor cells were
CD56-positive; F: A specimen taken by EUS-FNA (Ki-67 antibody staining). The Ki-67 index was 0.4% with tumor grade G1. EUS-FNA: endoscopic ultrasonographyguided fine needle aspiration.

confirming no blood flow on the puncture line. The
needle was inserted through the gastrointestinal
wall into the target lesion under EUS guidance
with visualization of the needle in real time. After
guiding the needle into the target lesion, the stylet
was withdrawn, and the needle was moved back
and forth within the lesion 20 times while negative
pressure was applied using a 20 mL syringe connected
to the end of the needle. Twenty multi-direction
strokes were performed toward the target lesion
for optimal sampling. An additional puncture was
performed toward a different part of the tumor than
was previously sampled. Suction was released, and
the needle was withdrawn from the target lesion.
Microscope slides were prepared from the biopsy
sample and stained with Cyto-Quick stain. The
slides were assessed by Rapid on-site cytological
[18]
evaluation (ROSE) . If the sample was adequate,
the sampling was complete. If the sample was not
sufficient, another needle aspiration was performed.
After staining specimens with hematoxylin and
eosin, chromogranin (DAKO, Glostrup, Denmark),
synaptophysin (DAKO, Glostrup, Denmark), CD56
(ZYMED, Carlsbad, United States), and Ki-67 (DAKO,
Glostrup, Denmark), the cases were graded according
to the WHO 2010 classification based on the Ki-67
index (Figure 1). The specimens obtained by surgery
were graded by the Ki-67 index and mitotic count as

MATERIALS AND METHODS
Study design

A total of 22 patients were diagnosed with PNET by
EUS-FNA from October 2001 to December 2013 at
Fukushima Medical University Hospital. Among these
cases, we targeted 10 patients who were evaluated by
the 2010 WHO classification. Surgery was performed
in eight patients, and chemotherapy was performed
in the remaining two patients due to multiple liver
metastases. The Ki-67 indices of the eight surgery
cases were evaluated using specimens obtained by
EUS-FNA and by surgery; for the two cases where
chemotherapy was administered, the prognosis was
evaluated. The study was approved by the ethics
committee of Fukushima Medical University.

EUS-FNA

The endoscopic and ultrasonic equipment used in this
study included GF-UCT260 or GF-UC240P, and EUME1 or EU-ME2 (Olympus Medical Systems, Tokyo,
Japan). The biopsy needles were Expect 22G (Boston
Scientific, MA, United States), EZ shot 22G (Olympus
Medical Systems), or Echotip 19 or 22 or 25G (Cook
Medical Inc., NC, United States).
All patients were sedated with midazolam before
endoscopy. After the target lesion was visualized on
the monitor, a needle biopsy was performed while
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Table 1
Sex

1
2
3
4
5
6
7
8

Comparison of specimens obtained by endoscopic ultrasonography-guided fine needle aspiration and surgery
Age (yr)

M
F
M
F
M
M
F
M

Size (mm)

71
79
44
51
75
49
46
55

Location of tumor

4.4
19
31
10
40
31
30
40

No. of needle
passes

Needle (G)

5
4
2
3
3
3
3
2

19
22
22
22
22
22
22, 25
25

Tail
Head
Head
Body
Tail
Body
Head
Head

EUS-FNA specimen

Surgery specimen

Ki-67 index

Grade

Ki-67 index

Mitotic count
(/10HPF)

Grade

< 2.0%
0.8%
1.8%
0.4%
7.0%
4.54%
< 2.0%
1.8%

G1
G1
G1
G1
G2
G2
G1
G1

< 2.0%
< 2.0%
0.1%
1.97%
7.13%
< 20%
7.5%
< 1.0%

0
0
0
0
2
11
15
0

G1
G1
G1
G1
G2
G2
G2
G1

Tumor grades were concordant between specimens of EUS-FNA and those obtained by operation, except in case no. 7. The concordance rate between
specimens of EUS-FNA and surgery was 87.5% (7/8). M: Male; F: Female; EUS-FNA: Endoscopic ultrasonography-guided fine needle aspiration.

Table 2 Prognosis of patients treated by chemotherapy
Sex Age (yr) Size (mm)

Location of
tumor

No. of needle
passes

Needle (G)

Metastasis

EUS-FNA

Therapy

Prognosis
PR
15 mo survival
antemortem
PR
12 mo survival
antemortem

Ki-67 index

Grade

1

M

64

45

Head

3

22

Liver

10.0%

G2

Everolimus
TAI

2

M

73

30

Tail

1

22

Liver

48.6%

NEC

IP→PE
TAI

Two cases were treated by chemotherapy due to multiple liver metastases. Case 1 was diagnosed with NET G1 by EUS-FNA and was started on
somatostatin analog therapy. After that, the patient began taking everolimus. Case 2 was diagnosed as NEC by EUS-FNA and therefore started on cisplatin
and irinotecan therapy. However, severe adverse effects, including renal failure and diarrhea, were observed; therefore, the regimen was changed to
cisplatin and etoposide. In these two cases, transcatheter arterial infusion targeting the multiple liver metastases was performed. During treatment,
the primary tumors remained unconfirmed, but the multiple liver metastases diminished dramatically in both cases. M: Male; TAI: Transcatheter
arterial infusion; IP: Cisplatin and irinotecan therapy; PE: Cisplatin and etoposide therapy; PR: Partial response; NETs: Neuroendocrine tumors; NEC:
Neuroendocrine carcinoma; EUS-FNA: Endoscopic ultrasonography-guided fine needle aspiration.

stipulated by the WHO 2010 classification.

sectable cases (Table 2). Patient 1 was started on
somatostatin analog therapy, and transcatheter arterial
infusion (TAI) was performed to target multiple liver
metastases. After these initial treatments, the patient
began taking everolimus. During chemotherapy, the
primary tumor remained unconfirmed, though the
countless liver metastases diminished dramatically.
Patient 2 was classified as NEC based on the Ki-67
index of a specimen obtained by EUS-FNA and was
therefore started on cisplatin and irinotecan therapy.
Severe adverse effects, including renal failure and
diarrhea, were observed; therefore, the regimen was
changed to cisplatin and etoposide. TAI targeting
multiple liver metastases was performed, resulting
in diminished size of the metastases. However, the
primary tumor remained unconfirmed. These two
cases are still alive.

RESULTS
The eight cases for which surgery was performed are
summarized in Table 1. The patients were aged 44-79
years and included five males and three females.
The major tumor axes ranged from 4.4-40 mm. The
pancreatic locations of tumors were the head (n = 4),
body (n = 2), and tail (n = 2). The median number of
needle passes was 3.5 (2-5). One case was performed
using a needle with a diameter of 19G, while the other
cases were biopsied with 22G needles. Cases 7 and 8
utilized 22G and 25G needles. The sampling rate for
histologic diagnosis was 100%; therefore, sufficient
specimens were obtained. No adverse effects were
observed. The specimens of EUS-FNA matched those
obtained by surgery in eight cases. The concordance
rate between EUS-FNA and surgery specimens
was 87.5% (7/8) (Table 1). Liver metastases were
observed in patient 6; however, tumor metastases or
relapses have not been observed in the other surgical
cases.
Chemotherapy was administered in two unre

WJG|www.wjgnet.com
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When Ki-67 indices of specimens obtained by EUSFNA are evaluated, it is important to take into account
whether such indices reflect the entire tumor. Reports
on this topic are scarce, as the WHO classification
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of NET was revised in 2010, and cases of NET are
rare. Here, we evaluated the diagnostic accuracy of
PNET grading by EUS-FNA. According to our data, the
concordance rate with surgical specimens was 87.5%.
Furthermore, the effectiveness was also recognized
for patients receiving chemotherapy. Liver metastases
after surgery were observed in one case.
[19]
Larghi et al
compared specimens obtained by
EUS-FNA with samples obtained by surgery in 12
PNET cases and found a concordance rate of 83.3%
(10/12). One case was diagnosed with NET G1 by the
EUS-FNA specimen but with NET G2 by the surgery
specimen. An additional case was diagnosed with NET
G2 by EUS-FNA but NET G1 by surgery. Hasegawa et
[20]
al reported that the concordance rate between EUSFNA specimens and surgery specimens was 74.0%
(20/27) when the EUS-FNA specimens were classified
by average Ki-67 index, but the concordance rate
was 77.8% (21/27) if the EUS-FNA specimens were
classified by the highest Ki-67 index. In that report,
one case was diagnosed as NEC by surgery but was
diagnosed as NET G2 by the EUS-FNA specimen if
classified by the average Ki-67 index. However, if
classified by the highest Ki-67 index, the two cases
diagnosed as NEC by surgery were diagnosed as NEC
[21]
by EUS-FNA as well. Unno et al compared specimens
obtained by EUS-FNA with samples obtained by
surgery in 19 PNET cases and found a concordance
rate of 89.5% (17/19). One case was diagnosed with
NET G2 by the EUS-FNA specimen but with NET G3
by the surgery specimen. Additionally, another case
was diagnosed with NET G1 by EUS-FNA but NET G2
by surgery. In our hospital, the only case diagnosed
as NET G1 by EUS-FNA was diagnosed as NET G2 by
surgery. Moreover, in a report before 2010, Piani et
[22]
al
compared specimens obtained by EUS-FNA and
those obtained by surgery in 18 cases. They reported
that the concordance rate was 89% if 2% was used as
the Ki-67 index cut-off value, and the concordance rate
was 78% if a Ki-67 index range of 2% to 10% was
used as the cut-off value. Although this cut-off differs
from the current cut-off value, a high concordance rate
between EUS-FNA specimens and surgery specimens
was shown. In these three reports and the present
report, concordance rates between grades established
by EUS-FNA and surgery were consistently between
70%-80%, and the concordance rate in differentiating
lesions as NET or NEC was 98.5% (65/66).
In our study, liver metastases after surgery
[23]
were observed in one case of NET G2. Pape et al
confirmed an increased survival risk for patients with
grade 2 or 3 gastroenteropancreatic NET. Jann et
[24]
al
reported that prognoses were statistically worse
in patients with grade 2 or 3 NETs in the midgut and
hindgut. Therefore, more cautious observation is
necessary in patients with NET G2 or G3.
If lesions are unresectable, chemotherapy differs
between NET and NEC. Therefore, diagnosing the grade
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of NET by EUS-FNA must be efficient for determining
the chemotherapy choice. The chemotherapy admini
stered in the two cases in this study was sufficiently
effective, as evidenced by the fact that the expected
progression-free survival of everolimus is 11 mo, and
the expected response rate of cisplatin + etoposide
[12,13]
therapy ranges from 42% to 67%
. Although
there were only two cases in the present study, both
were diagnosed and treated adequately based on
conclusions drawn from the EUS-FNA data.
When using EUS-FNA for diagnosing PNETs, there
are expected difficulties in obtaining specimens due
to bleeding and blood contamination from abundant
blood flow. Therefore, methods for obtaining sufficient
specimens for immunostaining are required. In two
[19]
previous reports, Larghi et al
used 19G needles,
[20]
and Hasegawa et al
adopted the fanning method
[25]
reported by Bang et al
in 2013. Moreover, Eloubeidi
[26]
et al
performed EUS-FNA without negative pressure
and diagnosed 13 cases of PNET. In this study, we
applied the fanning method, and Ki-67 indices were
evaluable for 10/11 cases for which Ki-67 staining was
performed; one case was not evaluable. Therefore,
a good concordance rate of grading between EUSFNA and surgery specimens was observed by this
approach.
There are certain limitations to the present
study. First, the research was carried out at a single
institution with a small number of patients, and it was
a retrospective study. Further accumulation of study
data is needed for a better comparison of Ki-67 indices
between EUS-FNA and surgery specimens. Considering
that PNET is relatively rare, it is useful to describe
decisions on treatment regimens guided only by EUSFNA specimens for future medical care. Second, the
research evaluated only the Ki-67 index of EUS-FNA
specimens. It was reported that K-ras mutations
[27,28]
were observed in certain NET patients
, and K-ras
status might be correlated with malignancy of NET
in the future. The Ki-67 index correlates with the
[24]
prognosis of NET
and is a predictive factor for the
[29]
effect of chemotherapy. Sorbye et al
reported that
gastrointestinal NEC patients with Ki-67 < 55% had a
lower response rate to platinum-based chemotherapy
than patients with Ki-67 ≥ 55% (15% vs 42%).
[30]
Scoazec et al
reported that 20% of gastrointestinal
NET and PNET cases diagnosed as NEC by the WHO
2010 classification were well differentiated; therefore,
it is thought that well differentiated tumors could be
included in NEC cases that do not respond to platinumbased chemotherapy. In this report, the Ki-67 index of
the NEC patients was 48.6%; however, the specimens
obtained by EUS-FNA showed poor differentiation.
Therefore, platinum-based chemotherapy was indicated
in this patient, and it was effective.
In conclusion, EUS-FNA is useful for diagnosing the
Ki-67 index grade of PNET and for deciding treatment
regimens.
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COMMENTS
COMMENTS
Background

6

Neuroendocrine tumors (NETs) develop from neuroendocrine cells distributed
throughout the body. Pancreatic NETs (PNETs) are classified into G1, G2 and
neuroendocrine carcinoma (NEC) by the WHO 2010 classification based on
growth morphology (mitotic count and Ki-67 index). The first choice in PNET
treatment is surgery, though in cases of multiple, unresectable liver metastases
or metastases in non-hepatic organs, antihormone or antitumor therapies are
applied. Antitumor therapy differs for NET and NEC. Everolimus or sunitinib
is useful for NET G1 or G2, while small lung cell carcinoma chemotherapy is
used for NEC, as their behaviors are similar. Thus, it is important to sample
sufficiently and to accurately establish the grade in order to choose treatments
for unresectable PNET. In this study, we evaluated the efficacy of endoscopic
ultrasonography-guided fine needle aspiration (EUS-FNA) for diagnosing the
Ki-67 index grade.

7
8

9

Research frontiers

EUS-FNA is important for determining treatment of PNET, a rare tumor. Few
prior reports contain analyses of Ki-67 staining, EUS-FNA, and surgery. The
results of this study contribute to clarifying the diagnostic potential of EUS-FNA
for PNET grading.

10

Innovations and breakthroughs

In this study, EUS-FNA was a useful tool for diagnosing the Ki-67 index of
PNET. The concordance rate between EUS-FNA and surgery was 87.5%.
These results are in agreement with previous reports. However, in this report,
two patients received chemotherapy based only on the Ki-67 index of EUSFNA specimens, and the therapeutic values for both PNET and pancreatic NEC
were evaluated. This emphasizes the accuracy of EUS-FNA for diagnosing the
Ki-67 index in PNET.

11

Applications

12

This study suggests that EUS-FNA is useful for diagnosing PNET or PNEC. If
a patient is diagnosed with unresectable PNET, chemotherapy can be chosen
based on the Ki-67 index of the EUS-FNA specimen.

Terminology

EUS: an endoscopic procedure that enables observation of the chest and
abdominal organs in the gastrointestinal tract. EUS-FNA: a technique to obtain
specimens of chest and abdominal lesions by EUS guidance by puncturing the
gastrointestinal tract.

13

Peer-review

14

The author of this paper evaluated the efficacy of EUS-FNA for grading PNET
using the Ki-67 index and compared the results with those obtained by surgery
from 10 patients. A promising concordance rate (7/8) between the specimens
obtained by EUS-FNA and those obtained by surgery was found, and further
clinical trials in a large population of PNET patients will be valuable.
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Abstract
AIM: To investigate predictive risk factors associated
with complications in the endoscopic removal of foreign
bodies from the upper gastrointestinal tract.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Myongji
Hospital and Dongguk University Ilsan Hospital.

METHODS: We retrospectively reviewed the medical
records of 194 patients with a diagnosis of foreign body
impaction in the upper gastrointestinal tract, confirmed
by endoscopy, at two university hospital in South Korea.
Patient demographic data, including age, gender,
intention to ingestion, symptoms at admission, and
comorbidities, were collected. Clinical features of the
foreign bodies, such as type, size, sharpness of edges,
number, and location, were analyzed. Endoscopic
data those were analyzed included duration of foreign
body impaction, duration of endoscopic performance,
endoscopic device, days of hospitalization, complication
rate, 30-d mortality rate, and the number of operations

Informed consent statement: This retrosepcitve study was
peformed under IRB approval, all data is de-identified for
statistical analysis. Therefore, we think that a waiver of informed
consent may be justifiable under this situation.
Conflict-of-interest statement: All authors have no conflicts of
interest to declare or financial ties to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,

WJG|www.wjgnet.com

8125

July 14, 2015|Volume 21|Issue 26|

Hong KH et al . Endoscopic removal of ingested foreign bodies

related to foreign body removal.

swallowed naturally when taking medication or food. It
is frequently seen in the emergency department and
[1,2]
occurs commonly in the pediatric population . In
adults, most foreign body ingestion occurs accidentally,
but may be a result of contributory factors, such as
psychiatric disorders, mental retardation, alcohol
[3-8]
consumption, and an edentulous state . However,
practically, we also encounter not a few seemingly
healthy adults with no apparent risk factor with
unintentional foreign body ingestion. Although preendoscopic series have shown that 80% or more of
the ingested objects are likely to pass spontaneously,
in approximately 20% of cases, foreign bodies may
[9,10]
require endoscopic or surgical intervention
.
Endoscopic removal of foreign bodies generally
has a low probability of complications, including
[11-15]
impaction, perforation, and obstruction
. However,
it can also sometimes be associated with severe or
[16,17]
even life-threatening complications
. In previous
reports, age, long duration of impaction, and impac
tion site, such as the upper esophagus or upper
esophageal sphincter, were considered risk factors
[18-20]
for endoscopic intervention
. However, there has
been no consensus regarding risk stratification for the
prevention for complications related to endoscopic
[18,21]
foreign body removal
. Because an understanding of
the predictive factors for complications with endoscopic
removal may reduce morbidity and mortality, we
investigated risk factors for complications in endoscopic
upper gastrointestinal tract foreign body removal.

RESULTS: The types of upper gastrointestinal foreign
bodies included fish bones, drugs, shells, meat,
metal, and animal bones. The locations of impacted
foreign bodies were the upper esophagus (57.2%),
mid esophagus (28.4%), stomach (10.8%), and
lower esophagus (3.6%). The median size of the
foreign bodies was 26.2 ± 16.7 mm. Among 194
patients, endoscopic removal was achieved in 189,
and complications developed in 51 patients (26.9%).
Significant complications associated with foreign body
impaction and removal included deep lacerations
with minor bleeding (n = 31, 16%), ulcer (n = 11,
5.7%), perforation (n = 3, 1.5%), and abscess (n = 1,
0.5%). Four patients underwent operations because
of incomplete endoscopic foreign body extraction.
In multivariate analyses, risk factors for endoscopic
complications and failure were sharpness (HR = 2.48,
95%CI: 1.07-5.72; p = 0.034) and a greater than 12-h
duration of impaction (HR = 2.42, 95%CI: 1.12-5.25, p
= 0.025).
CONCLUSION: In cases of longer than 12 h since
foreign body ingestion or sharp-pointed objects, rapid
endoscopic intervention should be provided in patients
with ingested foreign bodies.
Key words: Emergency department; Foreign body;
Upper gastrointestinal tract; Endoscopy; Complication
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: We investigated the status of foreign bodies
in the upper gastrointestinal tract and assessed risk
factors for complications associated with the endoscopic
removal of ingested foreign objects. We concluded
that a longer duration of impaction, above 12 h, and
sharp-pointed objects were related to the occurrence of
endoscopic complications and failure. A strength of this
study is that we evaluated risk factors for complications
according to particular impaction time, in contrast to
published studies that reported simply “long” impaction
duration as a risk factor or that impaction time was not
associated with the risk of complications.

Patients

We retrospectively reviewed the records of patients
with a diagnosis of foreign bodies or food bolus
impaction in the upper gastrointestinal tract, confirmed
by endoscopy, at Kwandong University Myongji
Hospital from January 2004 to August 2012, and
at Dongguk University Ilsan Hospital from October
2005 to May 2013. After excluding pediatric patients,
younger than 10 years, and those with insufficient
data for analysis, in total, 194 cases were enrolled in
this study. The protocol for the study was approved by
the Institutional Review Boards of both hospitals.

Hong KH, Kim YJ, Kim JH, Chun SW, Kim HM, Cho JH. Risk
factors for complications associated with upper gastrointestinal
foreign bodies. World J Gastroenterol 2015; 21(26): 8125-8131
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i26/8125.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i26.8125

Endoscopic procedures

All patients underwent an esophagoduodenoscopy
(EGD) under local pharyngeal anesthesia, sedation
using midazolam and/or pethidine, or general
anesthesia using propofol and desflurane or
sevoflurane. All examinations were undertaken by
gastroenterologists who had performed at least
5000 EGD examinations and were qualified as Board
of Gastrointestinal Endoscopy Specialists (Korean
Society of Gastrointestinal Endoscopy) using flexible
endoscopes (GIF-H260, Olympus Optical Co., Ltd.,
Tokyo, Japan). Cardiopulmonary function was

INTRODUCTION
Foreign body ingestion can be defined as materials
swallowed accidentally or intentionally, or objects
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Table 1 Type of foreign bodies n (%)
Type of foreign body
Fish bone
Drug
Shell
Meat
Metal
Animal bone
Stone
Plastic
Dental prosthetic
Tooth brush
Bean
Others
Total

Table 2 Anatomic location of foreign bodies n (%)
Location

Value

111 (57.2)
55 (28.4)
7 (3.6)
21 (10.8)
194

Most patients were adults (age > 14 years, 191/194,
98.5%), while few were children (age ≤ 14 years,
3/194, 1.5%). There were 105 (54.1%) females and
89 (45.9%) male patients.

Characteristics and location of foreign bodies

monitored with pulse oximetry throughout the exam.
All patients gave informed consent for the procedure.
Endoscopic devices used for the removal of foreign
bodies included alligator forceps, biopsy forceps, rattooth forceps, and a net. A protective cap, an overtube,
or a latex protector hood was used to protect the
pharyngeal and esophageal walls in cases of suspected
sharp or pointed foreign bodies. In cases of failure to
remove the foreign bodies using an endoscope, the
patient was referred to the surgical department.

The types of foreign body detected in the upper
gastrointestinal tract varied markedly. The most
common type of foreign object was a fish bone (63
patients; 32.5%), followed by drugs (39 patients;
20.1%), shells (19 patients; 9.8%), meat (15
patients; 7.7%), metal (14 patients; 7.2%), and
animal bones (12 patients; 6.2%). Others included
stones, plastic, dental prosthetics, teeth, beans,
and a toothbrush (Table 1). The median size of the
foreign bodies was 26.2 ± 16.7 (range: 3‑140) mm.
Regarding anatomical location, foreign bodies were
located mainly in the upper esophagus (111 patients;
57.2%) and mid esophagus (55 patients; 28.4%),
followed by the stomach (21 patients; 10.8%) and
lower esophagus (7 patients; 3.6%; Table 2).

Data collection

Patient demographic data that were analyzed included
age, gender, intention to ingestion, symptoms at
admission, and comorbidities. Clinical features of
foreign bodies were analyzed, including type, size,
sharpness of edges, number, and location. Endoscopic
data that were analyzed included duration of foreign
body impaction, duration of endoscopic performance,
endoscopic device, days of hospitalization, complication
rate, 30-d mortality rate, and the number of operations
related to foreign body removal.

Endoscopic management

The median time interval between ingestion and
endoscopic removal was about 5 h with a range of
approximately 1 to 383 h. The median duration of
the endoscopic procedure was 11.76 ± 25.05 (range:
1‑320) min. The preferred accessory devices for
extraction varied according to the type and location
of the foreign bodies. For retrieval, frequently used
devices were biopsy forceps (n = 96, 49.5%), a net (n
= 32, 16.5%), and alligator forceps (n = 30, 15.4%).
A push into the stomach was performed in 16 (8.2%)
cases; 189 (97.4%) foreign bodies were removed
successfully, while endoscopic removal failed in five
patients (2.6%), and all then underwent additional
surgery (Tables 3-5). There was no death associated
with any foreign body ingestion or endoscopic
procedure.

Statistical analysis

For the identification of risk factors for complications
after endoscopic intervention, categorical variables
2
were analyzed using the χ test or Fisher’s exact
test. OR with 95%CIs were calculated using logistic
regression analysis for the evaluation of relative risk
of complication occurrence and their association with
variable parameters. P values < 0.05 were considered
to indicate statistical significance in each analysis.
All statistical analyses were performed using SPSS
Statistics (ver. 13.0; SPSS Inc., Chicago, IL, United
States).

Complications associated with foreign body impaction

Among the 189 patients who underwent endoscopic
removal of foreign bodies, minor mucosal injuries,
such as abrasions or small erosions were noted in 58
cases (30.7%). Significant complications related to
foreign body impaction and removal included deep
lacerations with minor bleeding (n = 31, 16%), ulcer (n
= 11, 5.7%), perforation (n = 3, 1.5%), and abscess

RESULTS
Patient characteristics

In total, 194 patients with ingested foreign bodies
underwent endoscopic management. The mean age
at diagnosis was 54.84 ± 18.03 (range: 10‑89) years.

WJG|www.wjgnet.com

Value

Esophagus
Upper 1/3 (< 25 cm from incisor)
Mid 1/3 (≥ 25 cm, < 40 cm)
Lower 1/3 (≥ 40 cm)
Stomach
Total

63 (32.5)
39 (20.1)
19 (9.8)
15 (7.7)
14 (7.2)
12 (6.2)
11 (5.7)
9 (4.6)
7 (3.6)
2 (1.0)
1 (0.5)
2 (1.0)
194
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[8,9,24]

prior to attempts at endoscopic extraction
. In
the current study, routine neck AP X-rays could not
detect foreign bodies in two-thirds of patients, and
radiopaque material was found in only 38% of patients
(75/194). Although no small bony, thin metal, or
plastic materials were detected on routine radiologic
examinations, failure to locate an object on X-rays
does not preclude its presence. Thus, in patients with
typical clinical presentations or with highly suspected
foreign body ingestion, an endoscopic evaluation
should be performed even with a normal finding in
[12,25-27]
radiography
.
Recently, the ASGE Standards of Practice Com
mittee published guidelines for foreign body manage
ment and divided the timing of endoscopic intervention
into three groups - emergency, urgent, and nonurgent - according to the characteristics of the
[9]
foreign object . Emergency endoscopic intervention
is required for patients with high-grade esophageal
obstruction and ingestion of disk batteries or sharp[9]
pointed long objects . Urgent endoscopic intervention
is needed for esophageal foreign objects that are
not sharp-pointed, food impaction without complete
obstruction, sharp-pointed objects in the stomach
or duodenum, objects longer than 6 cm in length,
[9]
and magnets within endoscopic reach . They also
recommended that because delay decreases the
likelihood of successful removal and increases the
risk of complications, including risk of perforation,
endoscopic removal should not be delayed beyond
24 h for patients with esophageal foreign bodies or
[9]
food impaction . However, even in that report, a
relationship between impaction duration and risk of
complications, such as perforation, bleeding, or ulcer
formation, was not demonstrated and the differences
between “emergency” and “urgent” were debatable.
In practice, the need for and timing of an endosco
pic intervention depend on various factors, including
the patient’s age, clinical condition, foreign body size,
shape, content, anatomical location, and duration time
[9,28]
since ingestion
. Additionally, because most patients
visited the emergency department, we frequently
encounter the problem of making a decision regarding
the timing of an endoscopic intervention. A strength
of our study is that we assessed the risk factors
for complications according to particular impaction
time, in contrast to some other published studies
that mentioned simply “long” impaction duration
as a risk factor or that impaction time showed no
[19,29]
association with the risk of complications
. The
question of whether impaction time is a risk factor for
complications has been controversial. As in the ASGE
[30]
guidelines mentioned above, Loh et al
suggested
that if the foreign body had been impacted for more
than 1 d, there was a 14-fold greater risk of a major
[20]
complication vs less than 24 h. Wu et al
reported
that patients with delayed endoscopic intervention
(> 24 h) may have additional symptoms, such as

Table 3 Methods used for removal of foreign bodies n (%)
Method of removal
Pull with biopsy forcep
Pull with net
Pull with alligator
Pull with snare
Pull with basket
Push into stomach
Others
Surgery
Total

Value
96 (49.5)
32 (16.5)
29 (14.9)
6 (3.1)
5 (2.6)
16 (8.2)
4 (2.1)
6 (3.1)
194

Table 4 Complications by foreign bodies n (%)
Complication
Ulcer
Laceration
Perforation
Abscess
Total

Value
11 (5.7)
31 (16.0)
3 (1.5)
1 (0.5)
46 (23.7)

(n = 1, 0.5%) (Table 4). Of these, four patients
with perforations or an abscess underwent surgical
intervention (Table 5). Because foreign body impaction
duration was a continuous variable, we divided it into
two categorical variables using receiver-operating
characteristic (ROC) curves for different durations. A
cut-off value of 12 h had the highest sensitivity (76%)
and specificity (43%) for significant complications.
Both failure of endoscopic foreign body removal and
related significant complications were categorized
according to dependent variable stratification. In a
multivariate analysis, risk factors were time interval
beyond 12 h between ingestion and endoscopic
management and the sharpness of the foreign body
(Table 6).

DISCUSSION
Foreign body ingestion is a commonly encountered
problem in the endoscopic department. According
to previous reports, 80%-90% of ingested foreign
bodies pass spontaneously and the complication rate
[5,21-23]
is generally low
. However, they are sometimes
impacted in a physiological or pathological luminal
narrowing or angulation site, which may lead to
potentially life-threatening complications. A recent
study showed that the rate of endoscopic intervention
may be much higher (63%-76%) than expected,
and long delays from ingestion to presentation and
intervention may account for the relatively high rates
of surgery and perforation in patients with intentional
[4]
ingestion . Generally, identification and radiographic
localization are the initial preferred steps in the
[24]
management of foreign bodies . Biplane radiographs
are useful for confirming ingested materials and
complications, such as free air and lung aspirates,
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Table 5 Cases of surgical intervention
No.
1
2
3
4
5
6
7
8
9

Cause of surgery

Foreign body type

Foreign body size (mm)

Foreign body location

Failure of endoscopic removal
Failure of endoscopic removal
Failure of endoscopic removal
Failure of endoscopic removal
Failure of endoscopic removal
Perforation
Perforation
Perforation
Abscess

Animal bone
Stone
Stone
Fish bone
Pin
Metal
Fish bone
Shell
Fish bone

25
35
30
35
35
25
25
35
15

Upper esophagus
Mid esophagus
Mid esophagus
Mid esophagus
Stomach
Stomach
Upper esophagus
Upper esophagus
Upper esophagus

Table 6 Results of multivariate analysis following univariate analysis of risk factors for foreign body removal related with complications

Age (yr, mean ± SD)
> 60/≤ 60
Gender
Male/female
Foreign body
Location
Upper esophagus
Mid and lower esophagus
Stomach
Size (cm, mean ± SD)
> 3 cm /≤ 3 cm
Sharpness (Yes/No)
Radio-opacity (Yes/No)
Esophageal stricture (Yes/No)
Duration of impaction (min), mean ± SD,
median (min-max)
> 12 h/≤ 12 h

Yes (n = 51)

No (n = 143)

P value

OR

P value

61.18 ± 17.26
27/24

52.58 ± 17.82
57/86

0.003
0.106

1.84 (0.87-3.91)

0.112

26/25

63/80

0.394

1.42 (0.71-2.86)

0.327

27
20
4
2.22 ± 0.83
24/27
36/15
20/31
3/48
2304 ± 4245,
390 (56-23000)
22/29

84
42
17
1.87 ± 0.85
43/100
74/69
55/88
24/119
853 ± 1195,
270 (60-18720)
35/108

1
0.55 (0.25-1.24)
1.61 (0.46-5.64)

0.213
0.151
0.460

0.012
0.028
0.02
0.924
0.053
0.022, 0.094

1.70 (0.82-3.54)
2.48 (1.07- 5.72)
0.98 (0.46-2.08)
0.27 (0.06-1.12)

0.155
0.034
0.955
0.071

0.012

2.42 (1.12-5.25)

0.025

0.381

odynophagia and esophageal ulceration, although they
also concluded that severe complications, including
esophageal perforation and bleeding, showed no
[19]
correlation with impaction time. Jung et al
reported
a “long” duration of impaction without mentioning a
particular time as a predictive factor for complications
[29]
after foreign body ingestion. However, Park et al
reported no correlation of impaction time (> 24 h)
with risk of complication, and that sharp-pointed
objects, greater length of foreign bodies, and the
presence of symptoms were significant risk factors
for complications. In contrast, our results showed
that impaction duration and sharpness of foreign
bodies were the two important risk factors for the
development of major complications. In particular,
impaction duration over 12 h but less than 24 h had
a 2.4-fold increased risk for major complications,
whereas age over 60 years, presence of stricture,
radio-opacity, foreign body location, and size over 30
mm did not show correlations with the development of
complications.
Our study had several limitations. First, although
emergency endoscopic removal should be advocated,
and we did not experience asphyxia or aspiration,
development of these complications due to insufficient
fasting time is a possibility. Second, our analysis
was limited to a retrospective review of available still
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EGD images and medical records, so the degree of
complications, such as mucosal damage, was not
defined objectively, and some potential bias might
have been added. Third, due to the relatively small
numbers of cases with major complications, such as
perforations, in this population, it is difficult to analyze
the risk ratio for serious complications. Thus, further
prospective studies with larger numbers of patients are
needed to confirm these results.
In conclusion, when patients with foreign bodies
in the upper gastrointestinal tract present for care,
predictive factors for complications should be consi
dered carefully. Because delayed endoscopic removal,
beyond 12 h, and sharp objects decrease the likelihood
of successful endoscopic removal and increase the
risk of complications, early recognition and urgent
endoscopic intervention after ingestion are necessary.
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Abstract
AIM: To compare the efficacy of 14- and 7-d bismuthbased quadruple therapies as second-line eradication
treatment for Helicobacter pylori (H. pylori ) infection.

Institutional review board statement: The study was reviewed
and approved by the Seoul National University Bundang Hospital
Institutional Review Board.

METHODS: Between 2004 and 2014, the medical
records of 790 patients who had experienced failure of
first-line proton pump inhibitor (PPI)-based eradication
therapy and were then treated with bismuth-based
quadruple therapy were retrospectively reviewed.
Those who received bismuth-based quadruple therapy
[PPI, bismuth, metronidazole, and tetracycline (PBMT)]
for either 7 d or 14 d were assigned to a PBMT-7 group
(n = 543) or a PBMT-14 group (n = 247), respectively.
The eradication rates for both groups were determined
by intention-to-treat (ITT) and per-protocol (PP)
analyses. ITT analysis compared the treatment groups
as originally allocated while the PP analysis including
only those patients who had completed the treatment
as originally allocated. Successful eradication therapy
for H. pylori infection was defined as a negative
13
C-urea breath test 4 wk after the end of eradication
treatment.
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RESULTS: The overall ITT eradication rate was 69.1%
(546/790). Final ITT eradication rates were 67.4%
(366/543; 95%CI: 63.1%-71.7%) in the PBMT-7 group
and 72.8% (180/247; 95%CI: 67.4%-78.2%) in the
PBMT-14 group (P = 0.028). The overall PP eradication
rate was 80.0% (546/682), and the final PP eradication
rates were 78.2% (366/468; 95%CI: 72.1%-84.0%)
in the PBMT-7 group and 84.1% (180/214; 95%CI:
76.8%-90.8%) in the PBMT-14 group (P = 0.009). The
H. pylori eradication rates in the PBMT-14 group were
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[9]

significantly higher than in the PBMT-7 group according
to both ITT (P = 0.028) and PP analysis (P = 0.009).
Compliance was similar in both groups (PBMT-7 group:
97.9%; PBMT-14 group: 96.4%). Adverse event rates
were 10.7% (51/478) and 17.1% (38/222) in the
PBMT-7 and PBMT-14 groups, respectively (P = 0.487).

to 90% , with decreasing eradication rates of firstline eradication therapy due to increased antibiotic
resistance rates among H. pylori strains in South
[10,11]
Korea
.
Various eradication regimens are being studied
as possible alternative treatments to overcome
decreasing eradication rates. The Maastricht IV/
Florence Consensus Report currently recommends a
bismuth-based quadruple therapy consisting of PPI,
bismuth, metronidazole, and tetracycline (PBMT) as
the preferred second-line therapy following failure of
[2]
first-line eradication therapy . Metronidazole, one of
the key antibiotics used in bismuth-based quadruple
therapy, has been reported to have high antibiotic
[6,7,12]
resistance rates of 34.4%-66% in South Korea
.
Although metronidazole resistance is known to have
[13]
little influence on successful eradication , eradication
rates of 7-d bismuth-based quadruple therapy in perprotocol (PP) analysis have been reported to be 70%
[14]
in South Korea .
There is much controversy about bismuth-based
quadruple therapy treatment duration. Recommended
treatment duration varies according to individual
guidelines; for instance, a treatment duration of more
than 1 wk is recommended in Europe, while 1-2 wk
and 1 wk are recommended in the United States and
[8,15,16]
South Korea, respectively
. One report indicated
that in some metronidazole-resistant areas, extending
the bismuth-based quadruple therapy treatment
[17]
duration to 10-14 d was highly effective ; similarly,
another study found that administering metronidazole
for 14 d could overcome the negative influence of
[18]
metronidazole resistance . There is also much
debate about the value and efficacy of 7- vs 14-d of
bismuth-based quadruple therapy as a second-line
[14,19,20]
eradication therapy in South Korea
. However,
few studies have examined the efficacies of these
treatments; most had relatively low samples sizes,
making adequate efficacy comparisons between the
two treatment regimens difficult. Accordingly, the
aim of the present study was to investigate effective
treatment duration for bismuth-base quadruple
therapy by comparing eradication rate, compliance,
and adverse event rate between 7- and 14-d bismuthbased quadruple therapies administered to patients
after failure of first-line eradication therapy in South
Korea.

CONCLUSION: The 14-d bismuth-based quadruple
therapy is a significantly more effective second-line
eradication treatment for H. pylori infection than the 7-d
alternative.
Key words: Helicobacter pylori ; Treatment failure;
Second-line treatment; Bismuth; Eradication rate
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluated the efficacy of 14-d
bismuth-based quadruple therapy compared with
a corresponding 7-d quadruple therapy as secondline eradication treatment of Helicobacter pylori (H.
pylori ) infection in South Korea. H. pylori eradication
rates in the 14-d treatment group were significantly
higher than in the 7-d treatment group for both the
intent-to-treat and per-protocol analysis. The high
eradication rate, excellent compliance, and safety of
the 14-d regimen suggest its potential suitability as a
second-line eradication treatment. The 14-d bismuthbased quadruple therapy is a significantly more
effective second-line eradication treatment than the 7-d
alternative for H. pylori infection in Korean patients.
Hwang JJ, Lee DH, Lee AR, Yoon H, Shin CM, Park YS, Kim
N. Fourteen- vs seven-day bismuth-based quadruple therapy
for second-line Helicobacter pylori eradication. World J
Gastroenterol 2015; 21(26): 8132-8139 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i26/8132.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i26.8132

INTRODUCTION
Helicobacter pylori (H. pylori) infection is a primary
risk factor for chronic gastritis, peptic ulcer disease,
mucosa-associated lymphoid tissue lymphoma,
[1]
and gastric cancer . The most effective first-line
eradication therapy known to date is a standard triple
therapy consisting of a proton pump inhibitor (PPI),
[2,3]
clarithromycin, and amoxicillin (or metronidazole) .
Although many clinical studies have shown standard
triple therapy to be highly effective, a number of metaanalyses have found eradication rates for standard
[4,5]
triple therapy to vary from 70% to 95% , and there
have been reports of increased antibiotic resistance to
[6,7]
clarithromycin and metronidazole . Standard triple
therapy is recommended in South Korea as first-line
[8]
eradication therapy for H. pylori , but eradication
rates for standard triple therapy range from 60%

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patient selection

This study was conducted at Seoul National University
Bundang Hospital between January 2004 and August
2014. The medical records of 790 patients who had
experienced failure of first-line PPI-based eradication
therapy for H. pylori infection were reviewed in this
retrospective study. Eradication failure was defined
by at least one of the following three tests: a positive
13
13
C-urea breath test ( C-UBT); histologic evidence
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Statistical analysis

of H. pylori by modified Giemsa staining in the lesser
and greater curvature of the body and antrum; and/
or a positive rapid urease test (CLOtest; Delta West,
Bentley, Australia) by gastric mucosal biopsy from the
lesser curvature of the body and antrum. None of the
patients had previously received H. pylori eradication
therapy before their first-line treatment. Patients
were excluded if they had received PPIs, H2 receptor
antagonists, or antibiotics in the previous 4 wk, or if
they had used non-steroidal anti-inflammatory drugs
13
or steroids in the 2 wk prior to the C-UBT. Other
exclusion criteria were as follows: (1) age below 18
years; (2) previous gastric surgery or endoscopic
mucosal dissection for gastric cancer; (3) advanced
gastric cancer; (4) severe current disease (hepatic,
renal, respiratory, or cardiovascular); (5) pregnancy;
and (6) any condition likely to be associated with poor
compliance (e.g., alcoholism or drug addiction). The
study protocol was approved by the Ethics Committee
at Seoul National University Bundang Hospital (IRB
number: B-1412/278-106).

The primary and secondary outcomes of the present
study were H. pylori eradication rates and treatmentrelated adverse events, respectively. Eradication rates
were determined by ITT and PP analyses. Treatment
groups were compared by ITT analysis, which included
all patients as originally allocated, and PP analysis,
which included only those patients who had completed
the treatment as originally allocated. Mean ± SD was
calculated for all quantitative variables. Student’s t test
was used to evaluate continuous variables, and chisquare and Fisher’s exact tests were used to assess
non-continuous variables. All statistical analyses were
performed using the Predictive Analytics Software
(PASW) 20.0 version for Windows (SPSS Inc., IBM,
Chicago, IL, United States). A p-value of less than 0.05
was defined as carrying clinical significance.

RESULTS
Characteristics of patients

A schematic diagram of the study is provided in Figure
1. A total of 790 patients who had experienced failure
of first-line eradication therapy for H. pylori were
enrolled (mean age, 54 years; range: 25-89 years).
Of the 790 patients, 682 (86.3%) were considered
to have completed their allocated regimens. The
remaining 108 patients (13.7%) were excluded from
the study: 75 (9.4%) from the PBMT-7 group and
33 (4.3%) from the PBMT-14 group. In the PBMT-7
group, the 75 patients were excluded from the study
for loss to follow-up (65 patients), medication noncompliance (taking < 85% of the assigned tablets;
2 patients), and treatment discontinuation due to
adverse events (8 patients). In the PBMT-14 group,
33 patients were excluded from the study for loss
to follow-up (25 patients), non-compliance (taking
< 85% of the assigned tablets; 2 patients), and
treatment discontinuation due to adverse events
(6 patients). Finally, 468 PBMT-7 patients and 214
PBMT-14 patients were included in the PP analysis. The
enrolled patients’ baseline demographic and clinical
data are provided in Table 1. There were no statistical
differences in age, gender distribution, smoking status,
alcohol use, diabetes, hypertension, or endoscopic
diagnosis between the two groups (p > 0.05).

Study design

Patients were classified into two groups. Those
who received bismuth-based quadruple therapy
[orally: 300 mg tripotassium dicitrato bismuthate
4 times/d, 500 mg tetracycline 4 times/d, 500 mg
metronidazole 3 times/d, and 20 mg rabeprazole (or
40 mg esomeprazole)] for either 7 d or 14 d were
assigned to PBMT-7 and PBMT-14 groups, respectively.
Compliance was evaluated by counting remnant pills
and asking direct questions during physician evaluation
1 wk after completion of treatment, and was defined
as good when drug intake was at least 85%. All
patients were asked about adverse events. Successful
eradication therapy for H. pylori infection was defined
13
as a negative C-UBT test 4 wk after the cessation of
eradication treatment. Data on demographics (age,
gender distribution, smoking status, alcohol use,
diabetes, and hypertension) and endoscopic diagnosis
were recorded.
13

C-urea breath test
13

Before C-UBT testing, patients were instructed to
stop taking medications (i.e., bismuth and antibiotics
for 4 wk prior; PPIs for 2 wk prior) that could affect the
result, and fast for a minimum of 4 h. After the patient’
s oral cavity was cleaned by gargling, a pre-dose
13
breath sample was obtained. Then, 100 mg of C-urea
TM
powder (UBiTkit ; Otsuka Pharmaceutical Co. Ltd.,
Tokyo, Japan) was dissolved in 100 mL of water and
administered orally. Breath samplings were performed
with special breath collection bags while patients were
in the sitting position, both before drug administration
(baseline) and 20 min after the powder medication.
The samples were analyzed using an isotope-selective,
®
non-dispersive infrared spectrometer (UBiT-IR 300 ;
Otsuka Pharmaceutical Co. Ltd, Tokyo, Japan).

WJG|www.wjgnet.com

H. pylori eradication rates

Table 2 shows the eradication rates for H. pylori
infection according to ITT and PP analyses. Overall
ITT eradication rate was 69.1% (546/790). Final ITT
eradication rates were 67.4% (366/543; 95%CI:
63.1%-71.7%) in the PBMT-7 group and 72.8%
(180/247; 95%CI: 67.4%-78.2%) in the PBMT-14
group (p = 0.028, Table 2). The overall PP eradication
rate was 80.0% (546/682), and final PP eradication
rates were 78.2% (366/468; 95%CI: 72.1%-84.0%)
in the PBMT-7 group and 84.1% (180/214; 95%CI:
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H. pylori positive patients after first-line eradication
n = 790

PBMT-7 group
n = 543

PBMT-14 group
n = 247

ITT analysis

Noncompliance n = 2

Noncompliance n = 2

Follow-up loss n = 65

Follow-up loss n = 25

Discontinued therapy due to
adverse events n = 8

Discontinued therapy due to
adverse events n = 6

PP analysis

n = 468

n = 214

Figure 1 Flow schematic of the study included in intention-to-treat and per-protocol analyses. ITT: intention-to-treat; PP: per-protocol; PBMT-7: 7-d bismuthbased quadruple therapy; PBMT-14: 14-d bismuth-based quadruple therapy; ITT: intention-to-treat; PP: per-protocol.

Table 1 Demographic and clinical data at baseline (intentionto-treat population) n (%)
PBMT-7
Included in ITT analysis
Age (mean ± SD, yr)
Gender (male)
Current smoker
Alcohol drinking
Diabetes
Hypertension
Endoscopic diagnosis
Gastritis
Gastric ulcer
Duodenal ulcer
Gastric and duodenal ulcer

PBMT-14

543
247
54.83 ± 11.97 54.69 ± 11.86
277 (51.0)
129 (52.2)
81 (14.9)
47 (19.0)
118 (21.7)
50 (20.2)
54 (9.9)
31 (12.6)
128 (23.6)
53 (21.5)
257 (47.4)
93 (17.1)
170 (31.3)
23 (4.2)

Table 2 Helicobacter pylori eradication rates

p value

ITT analysis
Eradication rate
95%CI
PP analysis
Eradication rate
95%CI

ns
0.779
0.648
0.175
0.641
0.322
0.524
0.598

PBMT-14

p value

366 (67.4)
63.1%-71.7%

180 (72.8)
67.4%-78.2%

0.028

366 (78.2)
72.1%-84.0%

18 (84.1)
76.8%-90.8%

0.009

ITT: Intention-to-treat; PP: Per-protocol; PBMT-7: 7-d bismuth-based
quadruple therapy; PBMT-14: 14-d bismuth-based quadruple therapy.

146 (59.1)
18 (7.3)
73 (29.6)
10 (4.0)

the PBMT-14 group, without statistically significant
differences (p = 0.487). The most common adverse
events were nausea (16/478, 3.3%) and epigastric
discomfort (15/478, 3.1%) in the PBMT-7 group
and nausea (13/222, 5.9%) and diarrhea (8/222,
3.7%) in the PBMT-14 group. There were 14 patients
with adverse events serious enough to warrant
discontinuation of treatment: 8 from the PBMT-7 group
and 6 from the PBMT-14 group. Of the 8 patients in
the PBMT-7 group who discontinued treatment, 6 did
so for nausea and 2 for epigastric discomfort. Of the 6
patients in the PBMT-14 group who discontinued the
treatment, 5 did so for nausea, and 1 for diarrhea.
Treatment compliance was 97.9% (468/478) in the
PBMT-7 group and 96.4% (214/222) in the PBMT-14
group, without statistically significant differences (p =
0.304, Table 3).

PBMT-7: 7-d bismuth-based quadruple therapy; PBMT-14: 14-d bismuthbased quadruple therapy; ITT: intention-to-treat.

76.8%-90.8%) in the PBMT-14 group (p = 0.009).
H. pylori eradication rates in the PBMT-14 group
were significantly higher than in the PBMT-7 group
according to both ITT (p = 0.028) and PP analyses (p
= 0.009). Figure 2 shows the eradication rates during
2004-2009 and 2010-2014. The eradication rates
during 2004-2009 and 2010-2014 were significantly
higher in the PBMT-14 group than those in the PBMT-7
according to both ITT and PP analyses (p < 0.05).

Adverse events and compliance

Table 3 lists the compliance and adverse events
for both the PBMT-7 and PBMT-14 groups. Adverse
events occurred for 51 of 478 patients (10.7%) in the
PBMT-7 group and for 38 of 222 patients (17.1%) in
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PBMT-7

DISCUSSION
Single-drug therapeutic effects are considered
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A

100

B

PBMT-7

Intention-to-treat

PBMT-14

Per-protocol

PBMT-7
PBMT-14

80
Eradication rate (%)

Eradication rate (%)

80

100

60

40

20

60

40

20

0

2004-2009

0

2010-2014
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2004-2009

2010-2014
Period

Figure 2 Comparison of the eradication rate between 2004-2009 and 2010-2014 periods in the 7-d bismuth-based quadruple therapy and 14-d bismuthbased quadruple therapy group according to the intention-to-treat (A) and per-protocol analyses (B) (p < 0.05). PBMT-7: 7-d bismuth-based quadruple
therapy; PBMT-14: 14-d bismuth-based quadruple therapy.

currently recommended as second-line eradication
therapy for H. pylori infections, there is some
debate over treatment duration. Comparison of
eradication rates based on second-line bismuth-based
quadruple therapy treatment durations outside South
Korea showed eradication rates of 68%-82% and
76%-90% for 7 and 14 d of treatment administration,
respectively; however, these differences are not
[23]
statistically significant . In South Korea, eradication
rates for 7- and 14-d administration groups were
70%-81% and 81%-96%, respectively, suggesting a
higher eradication rate in the 14-d group, but this is
[14,20]
also not statistically significant
. The present study,
using ITT and PP analyses of 790 patients, found
eradication rates with 7-d bismuth-based quadruple
therapy to be 67.4% and 78.2%, respectively,
and with 14-d therapy to be 72.8% and 84.1%,
respectively. Eradication rates during 2004-2009 and
2010-2014 were also significantly higher in the group
treated for 14 d with bismuth-based quadruple therapy
than those in the group treated for 7 d. These results
indicate that the group treated with 14-d bismuthbased quadruple therapy demonstrated statistically
significantly higher eradication rates in both ITT and
PP analyses, consistent with another recent study
from South Korea that reported 70%-80% eradication
[14,19,24]
rates
.
Many factors can influence the effectiveness of
H. pylori eradication therapy, including age, smoking
[25]
status, compliance, and underlying diseases .
However, the most important factor in eradication
[26]
failure is antibiotic resistance . Resistance has a
large influence on selection of both first- and secondline eradication therapy regimens. When possible,
use of a second-line regimen that differs from that of
[27]
the first-line eradication therapy is recommended .
Resistance to metronidazole, a component of bismuthbased quadruple therapy, occurs because of functional
[13]
changes in H. pylori nitroreductase-encoding genes .
Metronidazole antibiotic resistance rate is reportedly

Table 3 Adverse events and compliance n (%)
Adverse events
Bloating/dyspepsia
Dry mouth
Taste distortion
Epigastric discomfort
Nausea
Diarrhea
Urticaria
Headache
Chest discomfort
Total
Compliance

PBMT-7
(n = 478)

PBMT-14
(n = 222)

3 (0.6)
4 (0.8)
2 (0.4)
15 (3.1)
16 (3.3)
8 (1.7)
3 (0.6)
0 (0.0)
0 (0.0)
51 (10.7)
468 (97.9)

7 (3.2)
0 (0.0)
1 (0.5)
5 (2.3)
13 (5.9)
7 (3.2)
3 (1.4)
1 (0.5)
1 (0.5)
38 (17.1)
214 (96.4)

p -value

0.487
0.304

PBMT-7: 7-d bismuth-based quadruple therapy; PBMT-14: 14-d bismuthbased quadruple therapy.

weak and likely to lead to increased H. pylori drug
resistance. Hence, multidrug combination therapies
using various antibiotics with bismuth preparations and
PPI are recommended. However, because antibiotics
used for H. pylori eradication are increasingly
prescribed for treatment of other diseases, eradication
therapy failures due to antibiotic resistance are
increasing, resulting in 10%-20% failure rates for firstline eradication therapy even with effective eradication
[21,22]
regimens
. Consequently, a significant number of
patients require second-line eradication therapy, which
has led to increased interest in related eradication
rates. In response to decreasing eradication rates in
first-line H. pylori eradication therapy, the present
study examined effective treatment duration for
bismuth-based quadruple therapy consisting of PPI,
bismuth, tetracycline, and metronidazole, which is
currently recommended as the preferred secondline eradication therapy following failure of first-line
eradication therapy. Eradication rates, compliance, and
adverse event rates were compared between 7- and
14-d bismuth-based quadruple therapies.
Although bismuth-based quadruple therapy is

WJG|www.wjgnet.com
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20%-40% in the United States and Europe, and
higher rates of 50%-80% have been reported in
[13]
developing countries . Reported metronidazole
antibiotic resistance rates in South Korea vary from
[7,12,28,29]
27.1% to 66.2%
. A comparative study based
on treatment duration and metronidazole resistance
reported no differences in eradication rates based on
[30]
metronidazole resistance ; however, another report
indicated that 14 d of metronidazole use can overcome
[18]
the negative influence of metronidazole resistance ,
suggesting that an extended treatment duration
may be helpful to overcome antibiotic resistance
and improve eradication rates. Tetracycline, another
antibiotic component of bismuth-based quadruple
therapy, was reported as not playing an important role
[31]
in H. pylori eradication therapy . However, the role
of tetracycline in H. pylori eradication requires further
study. Furthermore, due to its role in protecting and
healing the gastric mucosa, bismuth preparations have
been used for some time as therapeutic agents for
[32,33]
chronic gastritis and peptic ulcer diseases
. In H.
pylori eradication therapy, it directly causes bacterial
lysis and reduces bacterial density, which in turn
[34]
increases the therapeutic effects of the antibiotics .
Bismuth is also known to reduce bacterial tolerance to
eradication therapy by not inducing development of
[35-37]
antibiotic resistance
.
While the adverse event rate in the 14-d bismuthbased quadruple therapy group in the present study
was higher than that of the 7-d therapy group, the
difference was not statistically significant. Adverse
events are known to be dosage and duration[38]
dependent ; thus, the most serious adverse events
were expected to occur during the second week of
[38]
treatment. Contrary to previous studies , most
adverse events in the present study, both mild-tomoderate, as well as serious adverse events leading
to discontinuation of treatment, appeared during the
early treatment stages. These findings may explain
the statistically insignificant differences in adverse
event rates between the two groups, suggesting that
if no serious adverse events appear within the first 7
d of 14-d bismuth-based quadruple therapy, then the
probability of any serious adverse events occurring is
relatively low. Even when mild-to-moderate adverse
events did occur, encouragement and appropriate
assistance from medical staff enabled successful
completion of 14-d bismuth-based quadruple therapy.
In addition to eradication rate, follow-up loss and
medication compliance are also important factors
for successful H. pylori eradication. High eradication
rates and compliance, along with low follow-up loss
rates, make successful eradication therapy possible.
In the present study, follow-up loss rates for the
7- and 14-d therapy groups were 11.9% (65/543)
and 10.1% (25/247), respectively, whereas the
compliance for these group were 97.9% (468/478)
and 96.4% (214/222), respectively. The results were
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similar between groups, and the differences were not
statistically significant. Although reducing the number
of drugs or shortening the treatment duration are
important for decreasing follow-up loss rates and
increasing compliance, second-line eradication therapy
has a high probability of antimicrobial resistance after
failure of first-line eradication therapy. Even with a
long treatment duration, it is especially important to
minimize follow-up loss rates and increase treatment
compliance through patient education.
This study has limitations. First, since this
retrospective study used medical records, selection
errors were possible. Second, since H. pylori strain
identification and pre- and post-eradication therapy
antibiotic susceptibility tests were not performed,
the increase in the antibiotic resistance rate in
participating patients were not verified. Ideally, it
would be possible to utilize a mixture of drugs shown
to be effective in antibiotic susceptibility tests in order
to overcome reduced eradication rates caused by
increasing antibiotic resistance. However, because
it is difficult to culture H. pylori, the success rates
of antibiotic susceptibility tests are low, and there
are no established criteria for determining antibiotic
resistance. Additional studies on the cost-effectiveness
of and appropriate time for conducting antibiotic
susceptibility tests are necessary.
The present study examined effective treatment
duration for bismuth-based quadruple therapy by
comparing eradication rates, compliance, and adverse
event rates after administration of 7 and 14 d of
bismuth-based quadruple therapies as a second-line
eradication therapy following first-line therapy failure in
South Korea. The results showed that the eradication
rate of the 14-d bismuth-based quadruple therapy
group was higher than that of the 7-d bismuthbased quadruple therapy group, while there were no
differences in adverse event rates and compliance.
The 14-d bismuth-based quadruple therapy is
therefore believed to be the more effective secondline eradication therapy in South Korea. Moreover,
encouragement and appropriate assistance from
medical staff are necessary to address serious adverse
events that can occur in the early stages of treatment,
and efforts should be made to provide sufficient
patient education to increase treatment success rates.
In addition, further studies are necessary to develop
more effective and safer second-line eradication
therapies and evaluate new treatment regimens for
second-line eradication therapies based on first-line
eradication therapy failures.
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Abstract

Institutional review board statement: This study was
reviewed and approved by King Fiasal Specialist Hospital
Institutional Review Board (IRB number 2151023).

AIM: To evaluate the indication and outcome of
hepatitis B virus (HBV)-related liver transplantation (LT)
in the era of newer antiviral agents.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: We collected data on all patients who
underwent transplantation at King Faisal Specialist
Hospital and Research Center. These data included
demographic, perioperative and long-term postoperative
follow-up data including viral serological markers, HBV
DNA, and repeated liver imaging. Between January
1990 and January 2012, 133 patients (106 males and
27 females) underwent LT for HBV-related cirrhosis
at our center. All patients were followed up frequently
during the first year following transplantation, according
to our standard protocol; follow-up visits occurred every
3-6 mo thereafter. Breakthrough infection was defined
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Data sharing statement: No additional data are available.
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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as re-emergence of HBV-DNA or hepatitis B surface
antigen (HBsAg) while on treatment. Five patients
transplanted prior to 1992 did not receive immediate
posttransplant anti-HBV prophylaxis; all other patients
were treated with HBIG and at least one nucleos(t)ide
analog.

Al-hamoudi W, Elsiesy H, Bendahmash A, Al-masri N, Ali S,
Allam N, Al Sofayan M, Al Bahili H, Al Sebayel M, Broering D,
Saab S, Abaalkhail F. Liver transplantation for hepatitis B virus:
Decreasing indication and changing trends. World J Gastroenterol
2015; 21(26): 8140-8147 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i26/8140.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i26.8140

RESULTS: One hundred and thirty-three patients
underwent LT for HBV and were followed for a median
of 82 mo (range: 1-274). The rates of post-LT survival
and HBV recurrence during the follow-up period were
89% and 11%, respectively. The following factors were
associated with disease recurrence: younger age (44.3
± 16.2 years vs 51.4 ± 9.9 years, P = 0.02), positive
pretransplant hepatitis B e antigen (HBeAg) (60% vs
14%, P < 0.0001), detectable pretransplant HBV DNA
(60% vs 27%, P = 0.03), positive posttransplant HBsAg
(80% vs 4%, P < 0.0001) and positive posttransplant
HBeAg (27% vs 1%, P < 0.0001). Forty-four (33%)
patients had hepatocellular carcinoma (HCC). In the
first (pre-2007) group, HBV was the second leading
indication for LT after hepatitis C virus infection. A
total of 64 transplants were performed, including 46
(72%) for decompensated HBV cirrhosis, 12 (19%)
for decompensated cirrhosis complicated by HCC and
6 (10%) for compensated cirrhosis complicated by
HCC. In the second group, nonalcoholic steatohepatitis
surpassed HBV as the second leading indication for LT.
A total of 69 HBV related transplants were performed,
including 43 (62%) for decompensated HBV cirrhosis, 7
(10%) for decompensated cirrhosis complicated by HCC
and 19 (27.5%) for compensated cirrhosis complicated
by HCC. There was a significant (P = 0.007) increase
in the number of transplants for compensated cirrhosis
complicated by HCC.

INTRODUCTION
The World Health Organization (WHO) estimates
that approximately 2 billion people worldwide have
been infected with hepatitis B virus (HBV), and
approximately 350 million people live with chronic
[1,2]
infection . HBV is considered hyperendemic in Saudi
Arabia. In the 1980s, the overall prevalence of HBV
infection in Saudi Arabia was 8.3%, making it one of
the most highly endemic areas in the world. In 1989,
the HBV vaccine was integrated into the expanded
program of immunization, through which all newborn
children have been vaccinated for HBV in Saudi
Arabia ever since. This effort significantly decreased
the prevalence of HBV in younger Saudi Arabians.
However, the prevalence remains high for people older
than 25 years, which is expected to increase the health
[3,4]
care system burden for the next several decades .
Liver transplantation (LT) is the ultimate therapy
for patients with hepatic failure and/or hepatocellular
carcinoma (HCC) related to HBV. In the past, patient
outcome was suboptimal because of severe disease
recurrence resulting in graft loss. Therefore, HBVrelated liver disease was previously considered a
[5,6]
contraindication for LT . Advances in HBV antiviral
prophylaxis following LT have dramatically improved
transplant outcomes, resulting in increased patient
and graft survival. The use of hepatitis B immune
globulin (HBIG) in combination with lamivudine has
dramatically improved the outcome of HBV-related
[7-11]
transplantation
. The availability of newer antivirals,
such as adefovir, tenofovir and entecavir, alone or in
combination, offers alternative treatment options,
[12-14]
especially in patients with lamivudine resistance
.
Additionally, overall patient survival has improved due
to the prevention of disease progression to cirrhosis.
Here, we report the rates and indications of HBVrelated LT at our center over the last 10 years. We also
evaluated predictors of disease recurrence. In addition,
we studied the effects of hepatitis delta virus (HDV)
coinfection and HCC on transplant outcome.

CONCLUSION: The use of potent anti-HBV agents has
led to a changing trend in the indications for LT. HBV
is currently the third leading indication for LT in this
hyperendemic area.
Key words: Hepatitis B; Hepatitis C; Non-alcoholic
steatohepatitis; Liver transplantation; Hepatocellular
carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV) is considered hype
rendemic in the Middle East. In the 1980s, the overall
prevalence of HBV infection in Saudi Arabia was 8.3%,
making it one of the most highly endemic areas in the
world. This high prevalence made HBV-related disease
a leading indication for liver transplantation (LT). The
use of potent anti-HBV agents has led to a changing
trend in the indications for LT. HBV is currently the third
leading indication for LT in this hyperendemic area.
Additionally, there has been a shift in the indication
for transplantation from hepatic decompensation to
hepatocellular carcinoma.
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MATERIALS AND METHODS
Patient population

In this retrospective study we collected data on all
patients who underwent transplantation at King Faisal
Specialist Hospital and Research Center. These data
included demographic, perioperative and long-term
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postoperative follow-up data. Between January 1990
and January 2012, 133 patients (106 males and 27
females) underwent LT for HBV-related cirrhosis at our
center. All the patients were followed up frequently
during the first year following transplantation, according
to our standard protocol; follow-up visits occurred
every 3-6 mo thereafter. Breakthrough infection was
defined as re-emergence of HBV-DNA or hepatitis B
surface antigen (HBsAg) while on treatment.

every 6 mo thereafter. HBV viral load was performed
using real time PCR technology. The assay provides
a detection limit from 15 to 100000000 IU/mL.
Results from earlier transplants utilizing older assays
measuring viral loads in copies/mL were converted
to IU/mL for standardization of results. Breakthrough
infection was defined as the reemergence of HBV DNA
and HBsAg while a patient was undergoing treatment.

Pretransplant follow-up

Transplant listing criteria

While on the transplant waiting list, all patients
were closely followed up every 1-3 mo. Standard
biochemical liver function assays were performed at
each visit. Each patient on the list underwent Doppler
ultrasound of the liver every 3 mo. Forty-four patients
were diagnosed with HCC (33%) and all patients
achieved viral suppression before transplant. After
an examination of explants from these patients, five
patients were confirmed to have HCC beyond the Milan
criteria. Nine patients received surgical or ablative
therapy while they were on the waiting list.

For all patients in our institution the criteria for medical
urgency and patient waiting list ranking are based
on the Model for End Stage Liver Disease (MELD).
Patients with HCC typically have low calculated
MELD scores because of compensated liver disease.
Therefore, patients with HCC that are within the Milan
criteria receive exceptional MELD points when their
lesions exceed 2 cm in diameter. Additionally, HCC
management with various ablation techniques is also
discussed in the tumor board and treatment is offered
to suitable patients. All patients will have their MELD
score assessed regularly while they are on the waiting
list.

Statistical analysis

All variables were checked for normality. Descriptive
statistics were summarized as the mean (standard
deviation), median (range) or frequency (percentage),
2
as appropriate. A χ test was used to assess group
differences for categorical variables, and a t-test
was used to assess differences between continuous
variables. ORs were calculated to determine asso
ciations between the variables of interest and re
currence. All the tests were two-sided with a 5% level
of significance. All the analyses were performed using
Stata version 10 (StataCorp, Texas, United States).
The statistical methods of this study were reviewed
by Safiyya Ali and Majid Almadi who are trained
biostatisticians with extensive biomedical research
experience from the Gastroenterology research unit,
King Saud University. This study was approved by the
research ethics committee of our hospital.

Posttransplant protocol

Five patients transplanted prior to 1992 did not receive
immediate posttransplant anti-HBV prophylaxis, all
other patients were treated with HBIG and at least
one nucleos(t)ide analog. HBIG was administered
intravenously at a dose of 10000 units during the
anhepatic phase and then at a dose of 5000 units
daily during the first week; the goal was a hepatitis
B surface antibody (HBsAb) titer of > 500 IU/mL.
Subsequently, the antibody titer was monitored every
1-2 wk for the first 3 mo to maintain a titer of > 250
IU/mL. The HBsAb titer was then monitored every
1-2 mo to maintain the level at > 100 IU/mL during
the first year following transplantation. Beginning in
2009, the majority of our patients received HBIG for
1 year after LT. Prior to 2009, the duration of HBIG
was variable, and it was extended in many patients at
the discretion of the treating physician. In addition to
HBIG, the majority of our patients were administered
lamivudine. Adefovir, entecavir and tenofovir were
used in the more recent transplants after these agents
became available in Saudi Arabia.
The standard immunosuppression protocol in our
institution includes calcineurin inhibitors and myco
phenolate mofetil during the first 6-12 mo after
transplantation and oral prednisone for the first 3 mo.
The doses of immunosuppressive medications were
adjusted according to their serum levels and were
modified in patients with renal impairment.
A complete blood count, liver function and serum
levels of liver enzymes and immunosuppressive drugs
were assessed at each visit. The levels of HBV DNA
and HBsAg were tested monthly for the first 3 mo and
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RESULTS
General characteristics of the study population

The mean ± SD age of all the patients was 50.6 ±
11.0 years and 106 (80%) was males. Ninty-seven
(73%) patients underwent deceased donor LT and 36
(23%) patients underwent living donor LT. The median
post-LT follow-up was 82 mo (range: 1-274) and HBV
recurrence occurred in 15 patients (11%). The median
time between LT and HBV recurrence was 42 mo.
Pretransplant HBsAg and hepatitis B e antigen (HBeAg)
were positive in 126 (95%) and 24 patients (19%),
respectively. Thirty-six patients (27%) had detectable
HBV DNA levels at the time of LT. Pretransplant
lamivudine was taken by 81 (61%) patients; 5 (4%)
took adefovir; 2 (2%) began with lamivudine and
were then switched to adefovir; 20 (15%) took a
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vs 1%, P < 0.0001). Patients who were positive for
HBeAg before transplantation were more likely to
experience recurrence compared with those who were
negative (OR = 9.6, 95%CI: 2.99-30.85; P < 0.0001).
Patients who had positive HBV DNA levels before
transplantation were almost four times more likely
to have recurrence compared with those who did not
(OR = 4.1, 95%CI: 1.08-15.5; P = 0.04). Similarly,
patients who were positive for HBsAg or HBeAg
after transplantation were more likely to experience
recurrence than those who did not (OR = 111, 95%CI:
22.2-555.9; P < 0.0001 and OR = 40.4, 95%CI:
4.1-393.5; P = 0.001, respectively). There were no
significant associations between the patient’s gender
or MELD score and recurrence (Table 1).

Table 1 Characteristics of the study population, both overall
and grouped by recurrence n (%)
Characteristics
Age (yr)
50.6 ± 11.0
Gender
Male
106 (80)
Female
27 (20)
Posttransplantation 82 (1-274)1
follow-up (mo)
Pretransplantation HBsAg
Negative
6 (5)
Positive
126 (95)
Pretransplantation HBeAg
Negative
108 (81)
Positive
24 (19)
Pretransplant HBV DNA
Negative
86 (73)
Positive
36 (27)
HBIG duration (mo)1 14 (1-140)
MELD score
20.8 ± 7.6
Posttransplantation HBsAg
Negative
114 (88)
Positive
16 (12)
Posttransplant HBeAg
Negative
122 (96)
Positive
5 (4)
HDV coinfection
Negative
70 (69)
Positive
32 (31)

44.3 ± 16.2

51.4 ± 9.9

0.022

14 (13)
1 (3.7)
206 (74-274)

92 (87)
26 (96)
53 (1-254)

0.16

0
15 (100)

6 (5)
111 (95)

0.37

6 (40)
9 (60)

102 (87)
15 (134)

< 0.00012

4 (60)
6 (60)
14 (1-140)
19.2 ± 7.7

82 (73)
30 (26)
14 (1-132)
21.0 ± 7.6

0.03

3 (20)
12 (80)

111 (97)
4 (3)

< 0.00012

11 (73)
4 (5)

111 (99)
1 (1)

< 0.00012

8 (80)
2 (20)

62 (67)
30 (33)

0.41

< 0.0001

Hepatitis delta virus coinfection

0.83
0.39

Patients with HBV and hepatitis delta virus (HDV)
coinfection were similar to the HBV-monoinfected
patients in terms of their age at the time of tran
splantation (47.7 years vs 51.2 years, P = 0.15),
pretransplant MELD score (22.1 vs 20.2, P = 0.28)
and post-LT disease recurrence (6% vs 11%, P = 0.41).
HDV infection was not a significant predictor of death:
none of the patients who had HDV died.

HCC status

1

The results are expressed as the median (range); 2Significant at P < 0.05.
HDV: Hepatitis delta virus; HBsAg: Hepatitis B surface antigen; HBeAg:
Hepatitis B e antigen; HBV: Hepatitis B virus.

HCC was present prior to LT in 44 (33%) patients.
A single lesion was present in 37 patients with an
average size of 3.9 cm. Seven patients had multifocal
HCC that was within the Milan criteria. Despite strict
adhesion to Milan criteria when listing patients for LT,
five patients were confirmed to have HCC beyond the
Milan criteria after examination of explants. Prior to
transplantation all patients underwent a chest CT and a
bone scan to rule out distant metastasis. The patients
with HCC were significantly younger than those
without HCC (48.4 ± 11.3 years vs 55.2 ± 8.6 years,
P = 0.0007). HBV recurrence was not significantly
associated with the presence of HCC, the duration of
survival or HBV markers. The patients who had HCC
had significantly lower MELD scores than those who did
not (18 ± 8.2 vs 22.2 ± 6.9, respectively, P = 0.0024)
(Table 2). Our data revealed that an increasing number
of the more recent transplants (2007-2012) were
for well-compensated cirrhosis complicated by HCC
compared with the pre-2007 transplants (P = 0.007)
(Table 3).

combination of lamivudine and adefovir; 4 (3%) took
entecavir; 7 (5%) took tenofovir; and 6 (5%) took
interferon. HCC was diagnosed in 44 (33%) patients.
The median duration of treatment with HBIG in 102
patients was 14 (range 1-140) mo, and 24 (19%)
patients were still undergoing active HBIG treatment
at the time of data collection. The average MELD score
was 20.8 ± 7.6. HDV coinfection was present in 32
(24%) patients.

Recurrence

The 15 patients who developed breakthrough HBV
infection were on monotherapy, and switching to
or adding a different oral agent helped control their
infection. After transplantation, 16 (12.3%) patients
were positive for HBsAg. Patients who experienced
recurrence had a significantly greater median duration
of posttransplant follow-up compared with patients
without recurrence (median 206, range 74-274 and
median 53, range 1-254, respectively, P < 0.0001).
The following factors were associated with disease
recurrence: younger age (44.3 ± 16.2 years vs
51.4 ± 9.9 years, P = 0.02), positive pretransplant
HBeAg (60% vs 14%, P < 0.0001), detectable
pretransplant HBV DNA (60% vs 27%, P = 0.03),
positive posttransplant HBsAg (80% vs 4%, P <
0.0001) and positive posttransplant HBeAg (27%

WJG|www.wjgnet.com

Indications for LT

Between January 2001 and January 2012, 500 pa
tients received transplants and were followed up at our
center. All the transplant indications recorded in our
database were reviewed. During the first study period,
January 2001-December 2006, 50% of the patients
received transplants for hepatitis C virus (HCV)-induced
cirrhosis, 17% for HBV-induced cirrhosis and 12% for
nonalcoholic steatohepatitis (NASH)-related cirrhosis.
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Table 2 Characteristics of the study population grouped by
the presence of hepatocellular carcinoma n (%)
Variable
Age (yr)
Gender
Male
Female
Pretransplant HBsAg
Negative
Positive
Pretransplant HBeAg
Negative
Positive
Pretransplant HBV DNA
Negative
Positive
MELD score
Posttransplant HBsAg
Negative
Positive
Posttransplant HBeAg
Negative
Positive
HDV coinfection
Negative
Positive

Table 3 Comparison of indications for transplantation before
and after January 2007

P value

No HCC

HCC

n = 89 (67)

n = 44 (33)

48.4 ± 11.3

55.2 ± 8.6

69 (78)
20 (22)

37 (84)
7 (16)

0.38

4 (5)
84 (95)

2 (5)
42 (95)

1.00

69 (82)
15 (18)

33 (79)
15 (21)

0.63

57 (72)
22 (28)
22.2 ± 6.9

29 (67)
14 (33)
18.0 ± 8.2

0.59

75 (86)
12 (14)

39 (91)
4 (9)

0.46

81 (95)
4 (5)

41 (98)
1 (2)

0.53

50 (68)
24 (32)

20 (71)
8 (29)

0.71

0.00071

After January
2007

(n = 64)

(n = 69)

6

19

0.007

46

43

Not
significant

Transplantations for
well-compensated HCC
Transplantations for
liver decompensation
without HCC
HCC: Hepatocellular carcinoma.

However, a comparison of the data from the earlier and
later periods of this study has clearly demonstrated
that HBV-related transplantation has decreased from
being the second leading indication for LT, following
HCV-related liver disease, to being the third indication,
with a corresponding increase in the proportion of LTs
due to NASH-related liver disease. The decline in HBVrelated liver disease as an indication for LT is likely
related both to the various mass screening programs
in the Kingdom, which have enabled the detection of
chronically infected HBV patients at various disease
stages, and to the introduction of effective antiviral
[19-24]
treatment
. Interestingly, similar observations have
been noted in various studies from Europe, the United
States, Australia, and New Zealand, where massive
reductions in HBV-related disease as an indication for
[25,26]
[27]
LT have been reported
. For example, Burra et al
showed that HBV-related cirrhosis had dropped from
24% to 16% in patients transplanted for solely virusrelated liver disease in Europe.
NASH-related liver disease is a rising global concern
due to the obesity epidemic. Major risk factors for
NASH-related liver disease, including diabetes mellitus,
obesity, and hyperlipidemia, are extremely common
in Saudi Arabia. Recent data have suggested overall
prevalence rates of these risk factors of 23.7%, 35.5%
[28,29]
and 54%, respectively
.
Our results demonstrated a change in the indications
for HBV-related LT from hepatic decompensation
to HCC. European and American studies have also
reported this trend, noting that the occurrence of HCC
in patients with viral-related liver disease doubled
[23]
from 2006-2010 compared with 1988-1994 . This
finding could be related to improvements in the
control of viral replication with potent medications
(entecavir and tenofovir), which has prevented the
progression of liver disease to more advanced stages
of fibrosis and has prevented decompensation in
already cirrhotic patients. HBV-related carcinogenesis
develops independently of the onset of cirrhosis;
therefore, antiviral treatments such as nucleo(t)side
analogs, which may result in the regression of fibrosis
or prevent clinical decompensation, often fail to prevent
[30]
HCC, especially in Asian and African countries . A
[31]
randomized study conducted by Liaw et al
demon

0.0021

1

Significant at P < 0.05. HDV: Hepatitis delta virus; HBsAg: Hepatitis B
surface antigen; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus.

During the second study period (January 2007-January
2012), 35%, 20%, and 16% of the patients received
transplants for HCV-, NASH-, and HBV-induced
cirrhosis, respectively. During the second study period,
NASH-related cirrhosis surpassed HBV as an indication
for LT, whereas the rates of transplantation for all other
indications remained the same throughout the study.

DISCUSSION
The development of potent HBV drugs with high
genetic barriers to resistance has resulted in significant
suppression of viral replication. As a result, overall
patient survival has improved due to the prevention of
disease progression to cirrhosis. Recent data showed
the regression of cirrhosis in 71 out of 96 (74%)
cirrhotic patients treated with tenofovir, which was
confirmed by paired biopsies at baseline and after 5
years. However, the preventive effect of these agents
against HCC development is less clear. Furthermore,
the outcome of LT for HBV-related liver disease has
dramatically changed since the introduction of oral
[15-18]
antiviral agents and HBIG
.
Here, we reported the rates and indications of HBVrelated LT in a Saudi population. We also reported the
long term outcomes of HBV-related LT in our country.
According to the WHO classification, HBV is considered
hyperendemic in Saudi Arabia, where the overall
[3,4]
prevalence is 8.3% . Saudi Arabia is among the most
highly endemic areas for HBV infection in the world.

WJG|www.wjgnet.com

P value

Before January
2007
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[36]

strated that lamivudine therapy for a median of 32
mo resulted in a decrease in the incidence of HCC in
patients with advanced fibrosis, but not in patients
with decompensated liver disease. Other studies
have similarly failed to show any protective effect of
lamivudine against the development of HCC in patients
[32,33]
with decompensated liver disease
. The limitations
of these studies include their relatively short follow-up
periods and small sample sizes.
In our study population, 15 patients (11%) deve
loped HBV reinfection during the follow-up period,
which is in agreement with the rates described in other
[34-36]
studies
. Most of the patients in our study who
developed resistance underwent transplantation early
during the study period, which explains their significantly
longer posttransplant follow-up. The most important
predictor of disease recurrence is viral replication at the
time of transplantation. Patients who were positive for
HBeAg or had detectable HBV DNA pretransplantation
were more likely to develop recurrence than patients
with negative pretransplantation results. This obser
vation has also been reported in several other studies.
[37]
Yasunaka et al evaluated disease recurrence following
LT for HBV-related liver disease and concluded that
serum HBV DNA before LT correlated with the HBV
reinfection rate even with the successful administration
of low-dose HBIG prophylaxis.
Thirty-two (24%) of our patients experienced
HBV/HDV coinfection. Of the 15 patients with post
transplantation recurrence, only two had HBV/HDV
coinfection. This rate was lower than for the HBVinfected patients (6% vs 11%); however, this difference
was not statistically significant. Furthermore, HDV
infection was not a significant predictor of graft loss or
posttransplant mortality; none of the patients with HDV
died. This observation is similar to other reports on the
outcome of transplantation for HBV/HDV coinfection.
[38]
Caccamo et al reported no recurrence of HBV infection
following LT in HBV/HDV-infected patients, whereas
others have reported lower rates of HBV recurrence in
patients with HBV/HDV coinfection compared with HBV
[38-40]
[27]
monoinfection
. Burra et al
reported that HDV
coinfection was associated with better survival outcomes
compared to HBV monoinfection which is thought to
be related to the inhibitory effect of HDV on the HBV
replication cycle. Despite the aggressive course of HBV
and HDV coinfection in immunocompetent patients, the
LT outcomes in HDV-coinfected patients are similar to
those in HBV-monoinfected patients.
Forty-four patients in our study were diagnosed
with HCC prior to LT. With the exception of 5 patients,
all the patients were within the Milan criteria (a single
tumor ≤ 5 cm or a maximum of 3 tumors < 3 cm
each). Patients within the Milan criteria who receive
transplants due to HCC have a survival rate similar to
[41,42]
that of HCC-negative patients
. The risk factors for
tumor recurrence include a larger pretransplantation
tumor size, lymphovascular invasion, and post-LT
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systemic chemotherapy. Saab et al
evaluated the
effects of both HCC recurrence and HBV reinfection
on the long-term survival of patients after LT. They
concluded that pre-OLT HCC and the recurrence of
HCC after transplantation were associated with HBV
reinfection and decreased patient survival. However,
in their cohort, 50 out of 88 transplant patients
with HCC were beyond the Milan criteria based on
pathological examinations. This finding likely explains
the inferior outcome of patients transplanted for
HBV-HCC compared with the HCC-negative patients
[43]
in their study. In contrast, Wong et al
compared
the clinical outcomes of LT candidates with chronic
hepatitis B who did or did not have HCC. In their study,
the patients with HCC had a higher rate of LT and a
shorter interval from wait list assignment to transplant
compared with the HCC-negative patients; however,
the two groups had similar post-OLT survival and HBV
recurrence rates. This finding may be explained by
the observation that 72% of the HCC patients were
within the Milan criteria, and 23 of the 25 patients who
exceeded the Milan criteria underwent some form of
HCC treatment to downstage their disease.
Although the present study has many strengths, it
also has several limitations, including its retrospective
design. HBV immunoprophylaxis during the posttrans
plant follow-up period was not consistent for all the
patients. Data on pretransplantation HBV DNA status,
pretransplantation HBV serological markers, and HDV
coinfection were not available for some of the study
individuals. However, posttransplantation HBV DNA
and HBV serological data were available and complete.
Furthermore, this is the largest study originating from
our region, an area that is considered endemic for HBV
infection.
In conclusion, the use of highly potent anti-HBV
agents has led to adequate control of viral replica
tion, significant biochemical remission, histological
improvement, and the prevention of hepatic decom
pensation. These effects are expected to subsequently
result in a reduction in the rate of HBV-related LT and
a shift in the indication for transplantation from HBVrelated hepatic decompensation to HBV-related HCC.
The availability of a newer generation of nucleos(t)ide
analogs has also resulted in a significant improvement
in the outcome of LT for HBV-related liver disease.
Controlling viral replication and adhering to the Milan
criteria when performing transplants in patients with
HBV-related HCC will improve transplantation outcomes.
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remained the same. With the increasing prevalence of DM and obesity and
the progress in the treatment of hepatitis C virus (HCV) and HBV infection
NASH related cirrhosis may replace HCV and HBV as the leading indication for
transplantation in the future.

11

12

Innovations and breakthroughs

LT for HBV decreased dramatically in our region. And the outcome of LT for
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The advances in treating viral hepatitis resulted in a better outcome and
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Abstract
AIM: To examine the correlation between the severity
of venous calcifications and the clinical symptoms of
phlebosclerotic colitis.
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METHODS: This was a retrospective study. The data,
including the numbers of episodes of active disease,
were collected from the medical records at Taipei
Veterans General Hospital and Wei Gong Memorial
Hospital in Taiwan between January 2005 and
December 2014. All computed tomography images with
or without contrast enhancement were obtained using
a multiple detector computed tomography scanner.
The scanning range reached from the dome of the
diaphragm to the pelvis. The severity of calcification at
the tributaries of the portal vein was measured using
a four-grade scoring system of the calcification of
phlebosclerotic colitis. The episodes of active disease
were defined as symptoms of fever, abdominal pain,
severe constipation, bowel obstruction, vomiting or
diarrhea based on a review of the medical records.
Spearman’s correlation analysis was used to examine
the correlation between the numbers of episodes of
active disease and the severity of the calcification of
the mesenteric veins.
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RESULTS: More than 3000 cases were reviewed from
2005 to 2014, and a total of 12 patients from Taipei
Veterans General Hospital and Wei Gong Memorial
Hospital were enrolled according to our inclusion
criteria. Among these 12 patients, the mean age of the
six males and the six females was 61.8 ± 11.5 years.
All patients exhibited typical imaging characteristics,
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consisting of threadlike calcifications and colonic wall
thickening in the standard radiographs and calcifications
along the colonic and mesenteric vessels or associated
with colonic wall thickening and adjacent fat stranding
in the computed tomography images. The median score
of the severity of the venous calcifications was 18 ±
13, and the median number of active disease episodes
was 1 ± 1.75. Spearman’s correlation analysis revealed
that the number of episodes of active phlebosclerotic
colitis disease significantly positively correlated with the
severity of the calcification of the mesenteric veins (r =
0.619, P < 0.05).

wall. Phlebosclerotic colitis preferentially involves the
[8]
right hemicolon , and its clinical course is relatively
[9,10]
chronic
. The common clinical symptoms caused
by phlebosclerotic colitis are nonspecific and include
[8]
abdominal pain, diarrhea or bloody stool . The
severity of venous calcification, which is an imaging
[11]
finding that is specific to phlebosclerotic colitis ,
based on radiography increases gradually and
[12,13]
progresses in the caudal direction
. Pathological
examination may reveal various degrees of occlusion
[14]
of the affected venous lumen . We therefore
hypothesized that the severity of venous calcification
positively correlates with clinical symptoms. Thus, the
objective of this study was to examine the correlation
between the severity of venous calcifications and
the number of active episodes involving the clinical
symptoms of phlebosclerotic colitis.

CONCLUSION: The extent of mesenteric venous
calcification is strongly associated with the number
of episodes of active disease among patients with
phlebosclerotic colitis.
Key words: Phlebosclerotic colitis; Calcification of the
mesenteric veins; Symptoms of phlebosclerotic colitis;
Computed tomography; Ischemic bowel disease

MATERIALS AND METHODS
This is a retrospective study, and the data were
collected from the medical records at Taipei Veterans
General Hospital and Wei Gong Memorial Hospital
between January 2005 and December 2014. Written
informed consent was waived.

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

Core tip: Phlebosclerotic colitis, which is almost
exclusively observed in the Asian population, is a
rare condition of ischemic colitis associated with the
sclerosis and calcification of the mesenteric venous
wall, resulting in the preferential involvement of the
right hemicolon and complications during a relatively
chronic clinical course. We reviewed the medical
records and examined the correlation between the
severity of venous calcifications and the clinical
symptoms of phlebosclerotic colitis observed on
computed tomography images. According to our
findings, the extent of mesenteric venous calcifications
strongly positively correlates with the number of
episodes of active disease.

Patient selection

We retrospectively reviewed the medical records for
patients who fulfilled the following inclusion criteria:
(1) at least one complete abdominal computed tomo
graphy (CT) examination with or without intravenous
contrast medium injection; and (2) calcification at
tributaries of the superior mesenteric veins.

CT acquisition

All CT images with or without contrast enhancement
were obtained using a multiple detector CT scanner.
The scanning range reached from the dome of the
diaphragm to the pelvis. For dual-phase contrast
enhanced CT images, nonionic contrast material was
administered intravascularly using an automated
injector at a rate of 1.5-2 mL/s during a single breathhold. The axial and coronal images were reconstructed
in 5-mm-thick intervals.

Yen TS, Liu CA, Chiu NC, Chiou YY, Chou YH, Chang CY.
Relationship between severity of venous calcifications and
symptoms of phlebosclerotic colitis. World J Gastroenterol 2015;
21(26): 8148-8155 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i26/8148.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i26.8148

Assessment of calcification severity

The CT imaging findings were assessed by two
radiologists (with 4 and 10 years of clinical experience,
respectively). The threshold value for calcification
was set at 130 Hounsfield units (HU) according to
the typically used value of 130 HU for the Agatston
[15]
score . For patients who underwent multiple CT
scans, the most recent CT scan was evaluated. The
severity of calcification at the tributaries of the portal
vein was measured using a 4-grade scoring system
[16]
of the calcification of phlebosclerotic colitis
(Table
1; a schematic of the calcification score calculation is
depicted in Figure 1).

INTRODUCTION
Ischemic bowel disease is a heterogeneous group
of disorders that display a common characteristic of
bowel hypoxia caused by alterations in blood flow
and is typically evoked by arterial thromboembolic
[1]
disease . However, disturbed venous return may also
[2]
result in colitis . Phlebosclerotic colitis, which is almost
[3-7]
exclusively observed in the Asian population , is a
rare condition of ischemic colitis associated with the
sclerosis and calcification of the mesenteric venous
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Table 1 Scoring system of calcification of phlebosclerotic
colitis

Table 2 Distribution of demographic characteristics and
clinical history of 12 cases n (%)

Calcifications limited in straight vein of the colon (× 1)
Calcifications extended to the paracolic marginal vein (× 2)
Calcifications extended to the main branch of mesenteric vein (× 3)
The proximal end of the main branch is involved (× 4)

Characteristics

The score of mesenteric venous calcification in every branch was summed
in each patient to represent the severity of their mesenteric calcification.

Proximal end of main branch

Case (n = 12)

Age (yr), mean ± SD
Sex
Male
Female
Underlying disease
No
HCC
Bladder cancer
Ampulla Vater cancer
ESRD
Known episode of active disease
None
One
Two
More than two
The score of the severity of venous
calcifications (median ± interquartile)

SMV

Main branch of
mesenteric vein

61.8 ± 11.5
6 (50.0)
6 (50.0)
2 (16.7)
2 (16.7)
1 (8.3)
1 (8.3)
6 (50.0)
3 (25.0)
5 (41.7)
2 (16.7)
2 (16.7)
18.0 ± 13.0

HCC: Hepatocellular carcinoma; ESRD: End stage renal disease.

Ascending
colon
Marginal vein

Table 3 Imaging features of 12 cases n (%)

Straight vein

Case (n = 12)

Imaging features
Plain-film radiographs of the abdomen (kidney
ureter bladder)
Threadlike calcification,
Was not performed
Abdominal computed tomography
Finding of thickening of colonic wall
Negative
Positive
Finding of threadlike calcification
Negative
Positive

Figure 1 Schematic figure for calculating calcification score. Calcifications
(grey dots) at two straight veins, one marginal vein, and one main branch of
mesenteric vein are noted. The proximal ends of main branches of mesenteric
veins are not involved. Therefore, the calcification score in this case is
calculated as 2 × 1 + 1 × 2 + 1 × 3 + 0 × 4 = 7.

Episodes of active disease

The episodes of active disease were defined as symp
toms of fever, abdominal pain, severe constipation,
bowel obstruction, vomiting, and diarrhea based on a
review of the medical records.

4 (33.3)
8 (66.7)
0 (0.0)
12 (100.0)

12 patients were enrolled according to the inclusion
criteria. Among these 12 patients, the 6 males and
the 6 females had a mean age of 61.8 years, ranging
from 49 to 85 years. No patients underwent surgical
intervention. Seventy-five percent of the patients
exhibited symptoms of phlebosclerotic colitis, and
the number of episodes of active disease ranged
from 0 to 27 [1 ± 1.75, median ± interquartile
range (IQR)] (Table 2). All patients exhibited linear
calcification on CT, and the scores for the severity of
venous calcification ranged from 9 to 33 (18 ± 13,
median ± IQR). Table 3 shows the imaging findings
for these patients. Based on the imaging findings, 10
patients displayed threadlike calcifications (Figure 2)
on conventional radiographs, eight patients exhibited
colonic wall thickening in CT studies (Figure 3), and
one patient displayed a typical characteristic, which
was thumb-printing appearance, based on barium
follow-through study (Figure 4). One patient received
a colonoscopic examination, and the findings revealed
a typical ischemic change in the ascending colon (Figure
5). Three patients exhibited no apparent symptoms;
however, the CT imaging findings of these three

Statistical analysis

All data were analyzed using SPSS (Statistical Package
for the Social Sciences) version 22.0 software (IBM,
Armonk, NY). Descriptive statistics of the distributions
of the demographic and clinical characteristics of the
patients exhibiting calcification at the tributaries of the
portal vein from the continuous data are presented
as median values and interquartile ranges, and the
statistics from the categorical data are presented
as the numbers and frequencies of observations.
Spearman’s correlation analysis was used to examine
the correlation between the number of active
disease episodes and the severity of mesenteric vein
calcification. A two-tailed P-value less than 0.05 was
considered to indicate a significant correlation between
the variables.

RESULTS
More than 3000 cases were reviewed, and a total of
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A

A

B

B

Figure 2 Kidney-ureter-bladder radiography and non-contrast enhanced
computed tomography. A 56-year-old male suffered from right upper quadrant
abdominal pain and fever. A: The kidney-ureter-bladder radiography showed
threadlike calcifications (arrows) at right abdomen; B: The non-contrast
enhanced computed tomography study revealed calcifications (arrows) at
tributaries of mesenteric vein and wall thickening of the ascending colon. The
diagnosis is phlebosclerotic colitis with active episode.

C

Figure 4 Barium follow-through study and intravenous contrast enhanced
computed tomography. A-54-year old female suffered from abdominal pain
and constipation. A: The contrast enhanced abdominal computed tomography
shows calcifications at tributaries of mesenteric vein and dilatation of the
ascending colon; B: The barium follow-through study done after discharge
shows thumb-printing appearance (arrows) at the ascending colon; C: The
close view of cone compression.

Figure 3 Intravenous contrast enhanced computed tomography with oral
contrast ingestion. A 59-year-old male came to emergency room with fever
and tenderness at right lower abdomen. The contrast enhanced computed
tomography shows wall thickening at the ascending colon and calcifications at
straight veins, marginal veins and main branch of mesenteric vein, suggestive
of phlebosclerotic colitis.

characteristics of this rare disease.
The dispersion diagram (Figure 7) displays the
relationship between the number of active disease
episodes and the severity of mesenteric venous
calcification. Spearman correlation analysis showed
that the number of episodes of active disease
significantly correlated with the severity of mesenteric
venous calcification (r = 0.619, P < 0.05).

asymptomatic patients were bowel wall thickening
and fat stranding at the paracolic gutters of the
involved colon (Figure 6), which were typical imaging
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A

B

C

Figure 5 Colonoscopy and plain-film radiographs of the abdomen of one symptomatic patient. A: Cobble stone appearance in colonoscopy was noted; B: A
polyp in the ascending colon was noted and biopsy was done. The pathology report revealed granulation tissue with heavy chronic inflammatory cell infiltration; C: The
kidney-ureter-bladder radiography shows threadlike calcifications (arrows) at right abdomen with bowel obstruction.

A

B

Figure 6 Intravenous contrast enhanced computed tomography of an asymptomatic patient. A 72-year-old male has not experienced any significant abdominal
symptoms. A: Computed tomography study showed calcifications at mesenteric veins; B: There was thickening of the wall of the cecum and ascending colon with
pericolic stranding, which may indicate active disease.

the superior mesenteric vein. The first description
of phlebosclerotic colitis was in a Japanese study
[5]
in 1991 . The clinical course of phlebosclerotic
colitis is chronic, and its clinical symptoms, such as
fever, abdominal pain, severe constipation, bowel
obstruction, vomiting, and diarrhea, are attributable
to the ischemic change in the colon secondary to
the sclerosis of the draining veins. Several additional
severe symptoms, such as bowel obstruction, bowel
[17]
perforation, bloody diarrhea, and abscess formation ,
occur over time. However, the etiology and risk
factors for sclerosis in the tributaries of the superior
mesenteric vein remain unclear. Six patients with
phlebosclerotic colitis in our studies suffered from endstage renal disease (ESRD), all of whom ingested
Chinese herbs for different periods. The incidence
of ESRD in Taiwan is the highest in the world, and
there is evidence that Chinese herb nephropathy is
[18,19]
[20]
a significant cause of ESRD in Taiwan
. Chang
indicated that these absorbed substances enter the
venous return, potentially damaging veins. Moreover,
[20-22]
several studies
reported that certain substances
or toxins from ingested Chinese herbs may contribute
to phlebosclerotic colitis. Therefore, we propose that
ESRD correlates with phlebosclerotic colitis. The

35
30

Calcilication

25
20
15
10
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10

15
Episodes

20

25

30

Figure 7 The dispersion diagram between the number of active disease
episodes and the severity of mesenteric venous calcifications.

DISCUSSION
Ischemic colitis is caused by a disturbance in the blood
supply and is evoked by arterial thromboembolic
disease; however, phlebosclerotic colitis affects regions
of the colon displaying aberrant venous drainage into
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The typical findings from a barium enema are
the disappearance of the semilunar folds, luminal
[8,11]
narrowing and a thumbprint-like appearance
. On
conventional radiographs, threadlike calcification in the
right hemicolon is a pathognomonic imaging finding.
CT scans are more reliable for detecting mesenteric
[23]
venous calcification
and colonic wall thickening.
Several angiographic findings, such as narrowing and
irregularity of the marginal arteries with tortuous vasa
[23]
[14,25]
recta and delayed venous return
with or without
[25]
developed collateral veins , have been reported.
In the present study, although three patients
exhibited no apparent clinical episodes of active
disease, their CT imaging findings were typical of
this disease (Figure 6). In contrast, patients at the
early stage of this disease may exhibit no substantial
calcification based on imaging or microscopic
[26]
examination .
One patient in our study experienced the recurrent
symptoms of abdominal pain, constipation, nausea
and vomiting many times since 2003. The CT exami
nation conducted in 2005 only revealed a dilated
ascending colon without calcification at the mesenteric
veins. The barium enema performed in 2006 revealed
a loss of haustration in the ascending colon, the
transverse colon, and the proximal descending colon
and a thumbprint-like appearance of the ascending
colon. Colitis with unknown etiology was observed.
The severity of colonic wall thickening and calcification
in the portal vein tributaries increased in serial CT
studies performed in 2005, 2009, 2010 and 2012
(Figure 8). However, the diagnosis of phlebosclerotic
colitis was initially determined in 2010 according to
typical imaging findings and clinical symptoms. The
CT examinations of patients with phlebosclerotic colitis
may display nonspecific findings, and thus, accurate
diagnosis during the early stage of this disease is
difficult.
In this study, Spearman’s correlation analysis was
used to examine the relationship between the clinical
symptoms of phlebosclerotic colitis and the severity of
venous calcifications based on the imaging data. The
results indicated that more severe mesenteric venous
calcification was associated with more numerous
clinical symptoms.
The major limitation of this study is the small case
number. In addition, because these patients may have
[26]
experienced mild clinical symptoms , they may not
have visited the hospital or their condition may have
been misdiagnosed as diarrhea or constipation by a
clinician. Even if patients visit the hospital and receive
an imaging examination, calcification in the colonic
wall or along the tributaries of the superior mesenteric
vein may not have occurred during the early stage of
this disease. Some asymptomatic patients exhibiting
typical imaging characteristics may experience
symptoms during an extended follow-up duration.
Previously, the majority of phlebosclerotic colitis
patients underwent surgery; however, at present,

A

B

C

Figure 8 Serial computed tomography studies from 2005 to 2012.
A 46-year-old male suffered from recurrent abdominal pain and severe
constipation for about 10 years. A: Computed tomography (CT) study done on
November 18, 2005 revealed dilated ascending colon and minimal colonic wall
thickening without evidence of mesenteric venous calcification; B: CT study of
the same case done on November 17, 2009 showed some linear calcifications
at colonic wall. Dilated ascending colon with wall thickening was also noted;
C: CT study of the same case done on January 3, 2012 showed more linear
calcifications at colonic wall and mesenteric veins. The extent of colonic wall
thickening was also more prominent in this study.

relationship between ESRD and phlebosclerotic colitis
[20]
requires further investigation. Although Chang
reported 5 phlebosclerotic colitis cases with a history
of herbal ingestion, the hypothesis that herb ingestion
contributes to phlebosclerotic colitis requires further
investigation. Regarding the medical history, the
laboratory findings, and the family history of the 12
examined patients, no notable etiologies or risk factors
were detected.
The clinical diagnosis of phlebosclerotic colitis
is typically based on a combination of symptoms
and clinical, radiological, and endoscopic findings.

WJG|www.wjgnet.com

8153

July 14, 2015|Volume 21|Issue 26|

Yen TS et al . Calcifications and symptoms of phlebosclerotic colitis
conservative treatment with close follow-up is preferred
[27-29]
if there are no signs of bowel compromise
. Surgery
has been suggested for patients with severe compli
cations, such as intestinal obstruction, perforation,
peritonitis and sepsis. The patients in our study received
only conservative treatment because they lacked any
complications that would require surgical treatment.
In conclusion, radiologic findings play a crucial role
in diagnosing phlebosclerotic colitis, and a CT study
is the most useful diagnostic tool for evaluating the
severity of mesenteric venous calcification. The extent
of mesenteric venous calcification is strongly positively
associated with the number of episodes of active
disease.

8

9
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Medical Ethics Committee of Rui Kang
Hospital.

AIM: To evaluate the efficacy and toxicity of stereotactic
body radiotherapy using CyberKnife for locally advanced
unresectable and metastatic pancreatic cancer.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: From June 2010 to May 2014, 25 patients
with locally advanced unresectable and metastatic
pancreatic cancer underwent stereotactic body
radiotherapy. Nine patients presented with unresectable
locally advanced disease and 16 had metastatic
disease. Primary end-points of this study were overall
survival, relief of abdominal pain, and toxicity.

Conflict-of-interest statement: The authors have no conflict of
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from the corresponding author at sutingshi@163.com.
Open-Access: This article is an open-access article which was
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Fourteen patients were treated with a total
dose of 30-36 Gy in three fractions and the remainder
with 40-48 Gy in four fractions. Median follow-up
was 11 mo (range: 2-25 mo). The median survival
duration calculated from the time of stereotactic body
radiotherapy for the entire group, the locally advanced
group, and the metastatic group was 9.0 mo, 13.5 mo,
and 8.5 mo, respectively. Overall survival was 37% and
18% at one and two years, respectively. Abdominal
pain relief was achieved within 2 wk of completing
radiotherapy in the patients who received successful
palliation (13 of 20 patients had significant pain). Five
patients (20%) had grade 1 nausea, and one (4%) had
grade 2 nausea. No acute grade 3+ toxicity was seen.
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[7-9]

CONCLUSION: Stereotactic body radiotherapy using
the CyberKnife system is a promising, noninvasive,
palliative treatment with acceptable toxicity for locally
advanced unresectable and metastatic pancreatic
cancer.

ranging from 5 mo to 14 mo
. The conventional
radiation dose is usually between 45 and 54 Gy in
1.8-2.5-Gy fractions. These limited doses have a poor
curative effect. Doses > 54 Gy may be considered
[10-12]
if clinically appropriate
. Recently, stereotactic
body radiotherapy (SBRT) has become an important
research topic to provide a higher biologically effective
dose. The conformity and rapid dose fall-off associated
[13]
with SBRT offer the potential for dose escalation .
In this study, we analyzed the patients with locally
advanced unresectable and metastatic pancreatic
cancer who underwent SBRT.

Key words: CyberKnife; Pancreatic cancer; Stereotactic
body radiotherapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Locally advanced unresectable and metastatic
pancreatic cancer is the most common presentation
of pancreatic cancer. The available therapeutic option
is chemotherapy or chemoradiotherapy. The lowdose radiation of conventional radiotherapy has
unsatisfactory results for survival and local control,
at a cost of increased hematologic toxicity. Doses
> 54 Gy may be considered if clinically appropriate.
Stereotactic body radiation therapy has become an
important research topic to provide a higher biologically
effective dose. We evaluated the efficacy and toxicity of
stereotactic body radiation therapy using the CyberKnife
system for patients with locally advanced unresectable
and metastatic pancreatic cancer.

MATERIALS AND METHODS
Patient population

Between June 2010 and May 2014, 25 patients with
unresectable or metastatic pancreatic adenocarcinoma
were included in this retrospective analysis. Ethical
approval was given by the Medical Ethics Committee
of Rui Kang Hospital, Guangxi, China. All patients gave
written informed consent. Reasons for unresectability
included the presence of metastatic disease and
radiographic evidence of major vessel involvement, as
determined by the surgeon and/or radiologist. Patients
with metastatic disease who were treated with SBRT
had distant disease that: (1) responded well to initial
chemotherapy if the prognosis was that local disease
potentially could lead to death or significant morbidity;
or (2) the local tumor was causing symptoms of
pain or obstruction. All patients’ hospital charts and
irradiation documents were carefully reviewed.

Su TS, Liang P, Lu HZ, Liang JN, Liu JM, Zhou Y, Gao YC,
Tang MY. Stereotactic body radiotherapy using CyberKnife for
locally advanced unresectable and metastatic pancreatic cancer.
World J Gastroenterol 2015; 21(26): 8156-8162 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i26/8156.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i26.8156

SBRT

Patients were immobilized in the supine position
with arms over the head using a thermoplastic body
mask and a styrofoam block provided abdominal
compression to minimize internal organ motion
(spontaneous or breath-induced). CT was performed
with a slice thickness of 3 mm. The gross tumor
volume was defined as the tumor visible on the CT
scan, and in those with N1 disease, the nodes were not
included in the target. The gross tumor volume was
expanded by 1 or 2 mm to form the planning target
volume (PTV). The dose-volume constraints for organs
at risk were: duodenum, V 1 mL < 25 Gy; stomach
and small bowel, V 1 mL < 25 Gy, and was strict with
regard to keeping any 1 mL < 25 Gy; kidneys, 1/3 Vtot
< 15 Gy; liver, total spared volume (Vtot - V 15 Gy) >
700 mL and V 15 Gy < 1/3 total volume; spinal cord,
V 1 mL < 15 Gy, and strict with regard to keeping any
1 mL < 15 Gy. The radiosurgical plan was to deliver a
dose of 30-36 Gy in three fractions or 40-48 Gy in four
fractions. Plans were devised such that the prescription
dose was the isodose line encompassing > 97% of
the PTV. No more than 3% of the PTV was to receive
< 93% of the prescription dose. For stereotactic
localization, patients underwent a 4D-CT treatment

INTRODUCTION
Pancreatic cancer is both an aggressive and prevalent
malignancy. It is the fourth leading cause of cancer
[1]
mortality in men and women in the United States .
In the Asia-Pacific region, the age-standardized
incidence reached a plateau after 1985, while the
incidence continued to rise due to the aging population
[2]
in the region . Only approximately 20% of patients
are amenable to surgery at diagnosis. It is a highly
aggressive entity with approximately 40% presenting
with locally advanced but unresectable disease
and an additional 40% presenting with metastatic
[3]
disease . Surgical resection remains the only curative
therapeutic modality for early-stage pancreatic cancer.
Despite improvements in surgical technique and
patient selection, as well as adjuvant chemotherapy,
the five-year survive rate remains low, ranging from
[4-6]
10% to 20%, following curative surgery . In patients
with locally unresectable pancreatic cancer, the only
therapeutic option is chemoradiotherapy. The local
control rate after chemoradiotherapy is still relatively
low, ranging from 40% to 55%, with a median survival
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Table 1 Detailed information of pancreatic cancer patients treated with stereotactic body radiotherapy
Patient
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Sex

T

N

M

CA19-9

Dose/No. of fractions

Live/dead

Survival time (mo)

Toxicity

Female
Male
Male
Male
Male
Male
Female
Female
Female
Male
Male
Female
Female
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male

4
3
3
3
3
3
3
3
3
3
3
4
4
3
3
3
3
3
3
3
3
4
3
3
3

0
0
1
0
1
1
0
1
1
0
0
1
0
0
0
0
1
0
1
1
0
1
1
1
0

0
0
1
0
1
1
0
0
1
1
1
1
1
0
1
1
1
1
1
0
0
1
0
1
1

Positive
Negative
Negative
Positive
Positive
Positive
Positive
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Negative
Positive
Positive
Negative
Negative
Positive
Positive
Negative
Positive

36 Gy/3
45 Gy/4
48 Gy/4
46 Gy/4
46 Gy/4
30 Gy/3
36 Gy/3
31.5 Gy/3
33 Gy/3
36 Gy/3
35 Gy/3
33 Gy/3
36 Gy/3
36 Gy/3
40 Gy/4
45 Gy/4
33 Gy/3
36 Gy/3
36 Gy/3
42 Gy/4
33 Gy/3
40 Gy/4
46 Gy/4
48 Gy/4
40 Gy/4

Live
Dead
Live
Dead
Dead
Live
Dead
Live
Dead
Dead
Dead
Dead
Dead
Live
Dead
Live
Dead
Dead
Dead
Dead
Live
Live
Live
Dead
Live

4
9
2
2
8
8
4
17
5
9
14
9
3
6
3
15
17
2
2
3
3
1
25
9
9

G1
G1

G1

G1

G1

G1
G2

G1

G1

CA19-9: Carbohydrate antigen 19-9.

simulation with the CyberKnife Robotic Radiosurgery
System with the Xsight Spine Tracking System (Accuray
Inc., Sunnyvale, CA, United States).

SBRT for pancreatic cancer. The median age was
63 years (range: 44-80 years) and 72.0% (18/25)
were male. All patients were considered to have
unresectable/locally advanced (9/25; 36.0%) and
metastatic (16/25; 64.0%) disease as determined by
experienced pancreatic surgeons and/or radiologists.
Patients were diagnosed with pancreatic cancer at
clinical stages T3 (21/25; 84.0%) and T4 (4/25;
16.0%). The majority of patients were N0, but 48.0%
(12/25) had N1 disease. Clinical characteristics of
selected patients are described in Tables 1 and 2.

Response evaluation and follow-up

Patients were re-evaluated 1 mo after SBRT and
then every 3 mo thereafter by the treating radiation
oncologist. Clinical examination, determination of
carbohydrate antigen 19-9 levels, and contrastenhanced CT were performed at each step of followup. Acute and late toxicity was scored according to the
NCI Common Terminology Criteria for Adverse Events
version 3.0.

SBRT

Fourteen patients treated with SBRT received a dose
of 30-36 Gy in three fractions and the remaining 11
received 40-48 Gy in four fractions. The mean target
volume was 43.27 mL (range: 8.80-96.39 mL).
The CyberKnife platform utilized 150-180 beams.
Maximum spinal cord point dose was a mean 730 cGy
(range: 390-1430 cGy), which was strictly maintained
at 1 mL < 15 Gy. Maximum bowel point dose was a
mean 3361 cGy (range: 2792-4018 cGy) for the PTV,
which was strictly maintained at 1 mL < 25 Gy.

Statistical analysis

Overall survival (OS) was calculated from the date of
SBRT to the date of progression and to the day of last
follow-up or death using the Kaplan-Meier method.
Acute toxicity was defined as that occurring within 90
d of SBRT, and late toxicity as that occurring thereafter.
SPSS version 17.0 (SPSS Inc., Chicago, IL, United
States) was used for statistical analysis. All enrolled
patients were included in the statistical evaluation.
The statistical methods of this study were reviewed
by Zhen-Dong Yang from Rui Kang Hospital, Guangxi
Traditional Chinese Medical University.

Adjuvant therapy

Two patients received neoadjuvant gemcitabinebased chemotherapy. Another two patients received
adjuvant gemcitabine-based chemotherapy. The
choice of chemotherapy was at the discretion of the
medical oncologist. During SBRT, combined adjuvant
medication was given, consisting of Chinese herbs and

RESULTS
Patient characteristics

Twenty-five patients were treated in our hospital with
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1.0

Table 2 Characteristics of pancreatic cancer patients treated
with stereotactic body radiotherapy

Sex
Male
Female
Age, yr
Stage1
T3
T4
N0
N1
M0
M1
Dose (Gy)/No. of fractions
30-36 Gy/3
40-48 Gy/4
Carbohydrate antigen 19-9
Positive
Negative
Primary location of tumor
Head of pancreas
Body or tail of pancreas

0.8

n
Overall survival

Characteristic

18
7
Median 63 (range: 44-80)
21
4
13
12
9
16

0.4

0.2

0.0
0

14
11

3

6

9

12

t /mo

15

18

21

24

Figure 1 Kaplan-Meier curve for overall survival. Median overall survival
was 9 mo, and overall survival was 37% and 18% at one and two years,
respectively.

16
9

of pancreatic cancer. There have been many clinical
trials conducted to evaluate novel system regimens
for advanced pancreatic cancer. Chemotherapy
alone reduces the incidence of distant metastases in
patients with localized disease, even though it may
hardly improve local disease control. Gemcitabine
monotherapy has conventionally been considered the
standard regimen for advanced pancreatic cancer on
the basis of phase Ⅲ clinical trials. The median overall
survival is limited to the range of 4.6 to 9.2 mo with
[12,13]
gemcitabine treatment
. Among non-gemcitabine
regimens, the most notable is FOLFRINOX. A phase
Ⅲ clinical trial showed that OS was significantly
longer in the FOLFRINOX arm (11.1 mo vs 6.8 mo).
Nevertheless, the FOLFRINOX regimen was at the
[13,14]
cost of increased hematologic toxicity
. The
only therapeutic option available is gemcitabine- or
capecitabine-based chemoradiotherapy. The median
[12,15,16]
survival ranges from 11.1 mo to 15.2 mo
. The
local progression rate reported with conventional
fractionation of radiotherapy is still relatively low, at
[7-9]
40%-55%
. In recent years, the unsatisfactory
results of conventional radiotherapy led to several
studies that investigated the efficacy and safety
of SBRT. Recent encouraging results of SBRT for
pancreatic cancer are shown in Table 3. Improvement
of local disease control was relevant in these studies,
with a success rate of 57%-94%. Median OS was
5.7-20.0 mo. Survival was extended for most of the
patients. However, acute and late toxicity are still
challenging. The rate of late gastroduodenal toxicity of
grade 2 or higher was 4%-47% in several studies.
We investigated the outcomes in a series of
patients with locally advanced unresectable and
metastatic pancreatic cancer who underwent SBRT.
Radiotherapy comprised 30-36 Gy in three fractions
or 40-48 Gy in four fractions, and the priority was
to evaluate the safety of the surrounding normal
tissue. According to the standard equation, 30-36
Gy in three fractions has a biologically effective dose

20
5

1

According to 2010 AJCC staging system.

dexamethasone, vitamins, glutathione, and lansoprazole.

Toxicity

Twelve patients experienced grade 1 fatigue at 2 wk
after SBRT, which required no treatment. Five patients
(20%) had grade 1 nausea, and ondansetron was
administered to one (1/25; 4%) patient with grade 2
nausea. None of these patients had persistent nausea
after 1 mo. No acute grade 3+ toxicity was seen. Most
toxicity was well tolerated.

Pain relief

According to the numerical rating scale scoring system,
20/25 (80%) patients experienced significant pain
before SBRT. Abdominal pain relief was achieved within
2 wk of completing radiotherapy in the patients who
received successful palliation. Ten patients achieved
pain control after treatment, allowing suspension of
analgesic administration. In three patients, analgesic
dose was reduced by 50%, or the patients needed
fewer analgesic drugs.

Survival

Survival data were available at a median follow-up of
11 mo (range: 2-25 mo). The median survival duration
calculated from the time of SBRT for the entire group,
the locally advanced group, and the metastatic group
was 9.0 mo, 13.5 mo, and 8.5 mo, respectively. OS
was 37% and 18% at one and two years, respectively
(Figure 1).

DISCUSSION
Locally advanced unresectable and metastatic
pancreatic cancer is the most common presentation
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Table 3 Summary of treatment regimen, local control, progression-free survival, overall survival and late toxicity in previous studies
compared with the present study
Ref.

No. of
patients

SBRT dose (Gy/No.
of fractions)

Gemcitabine-based
chemotherapy

85

15-30 Gy/3

Sequential

91.7

23
39
16
22
15
77
20
71
167
88

30 Gy/3
24-36 Gy/3
25 Gy/1
45 Gy/3
15-25 Gy/1
25 Gy/1
25 Gy/1
18-25 Gy/1
25-33 Gy/1-5
20-33 Gy/5

82.6
85
81
57
77
84
94
64.8
-

Gurka et al[28]

38

25-30 Gy/5

Present study

25

30-36 Gy/3 or
42-48Gy/4

Prior
Sequential
Sequential
Sequential
No
Prior
Sequential
No
Sequential or concurrent
Gemcitabine, cisplatin,
FOLFIRINOX or paclitaxel
Gemcitabine, mFOLFOX
or capecitabine
4 patients, Gemcitabine

Didolkar et al[17]
Polistina et al[18]
Mahadevan et al[19]
Schellenberg et al[20]
Hoyer et al[21]
Koong et al[22]
Chang et al[23]
Schellenberg et al[24]
Rwigema et al[25]
Pollom et al[26]
Moningi et al[27]

LC (%)

79
-

PFS (mo)

OS (mo)

Toxicity (≥ G2)
(%)

-

22

7.3
15
9
4.8
2
9.2
9.8

18.6 from diagnosis
8.6 from SBRT
10.6
20 from diagnosis
11.4 from diagnosis
5.7 from diagnosis
11 from diagnosis
11.4 from diagnosis
11.8 from diagnosis
10.3
13.6 from diagnosis
18.4 from diagnosis

9.2

14.3 from diagnosis

-

M0 group 13.5
M1 group 8.5 from SBRT

None
9
47
18
None
13
20
10
12.3
5.7 G2
3.4 G3
4

LC: Local control; OS: Overall survival; PFS: Progression-free survival; SBRT: Stereotactic body radiotherapy.

and was strict with regard to keeping any 1 mL < 25 Gy; kidneys, 1/3 Vtot < 15
Gy; liver, total spared volume (Vtot - V 15 Gy) > 700 mL and V 15 Gy < 1/3 total
volume; spinal cord, V 1 mL < 15 Gy, and strict with regard to keeping any 1 mL
< 15 Gy. According to the standard equation, 30-36 Gy in three fractions has a
relative biologic effectiveness of 50-66 Gy, and 40-48 Gy in four fractions has a
biologically effective dose of 68-88 Gy (assuming an α/β ratio of 10 for rapidly
proliferating tumor cells and 3 for normal tissues). The authors found that
median overall survival was 9 mo. Overall survival was 37% and 18% at one
and two years, respectively. Palliative treatment with SBRT was effective for
pain relief (65%), with acceptable toxicity (grade 1: 20%, grade 2: 4%). These
results support the use of palliative treatment with SBRT. The major advantages
of this approach compared with conventional fractionated radiotherapy are:
(1) more intensified treatment of the primary tumor; (2) increased patient
convenience; and (3) minimal interference with the delivery of maximal systemic
chemotherapy.

of 50-66 Gy, and 40-48 Gy in four fractions has a
biologically effective dose of 68-88 Gy (assuming an
α/β ratio of 10 for rapidly proliferating tumor cells and
3 for normal tissues). We found that the median OS
was 9 mo. OS was 37% and 18% at one and two
years, respectively. Palliative treatment with SBRT
improved quality of life, especially palliation of pain,
with acceptable toxicity. Our results support the use of
palliative SBRT. The major advantages of this approach
compared with conventional fractionated radiotherapy
are: (1) more intensified treatment of the primary
tumor; (2) increased patient convenience; and (3)
minimal interference with the delivery of maximal
systemic chemotherapy. We hypothesize that quality
of life and OS benefit from local palliative SBRT for
primary tumors, and large prospective clinical trials are
warranted.

Applications

This study supports the use of palliative treatment with the CyberKnife
for locally advanced unresectable and metastatic pancreatic cancer. It is
remarkably effective in palliation of pain, with acceptable toxicity.

Terminology

SBRT using the CyberKnife system is a promising noninvasive and palliative
treatment with acceptable toxicity for locally advanced unresectable and
metastatic pancreatic cancer.
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Background

Locally advanced unresectable and metastatic pancreatic cancer is the most
common presentation of pancreatic cancer. The available therapeutic option
is chemotherapy or chemoradiotherapy. However, the low-dose radiation of
conventional radiotherapy leads to unsatisfactory results for survival and local
control, at a cost of increased hematologic toxicity. Doses > 54 Gy may be
considered if clinically appropriate.

This is an intriguing report on the experience with stereotactic body
radiotherapy for locally advanced/metastatic pancreatic cancer, a topic of great
interest for oncologists given the very difficult issue of local treatment/palliation
in the setting of an aggressive histology with a high propensity to disseminate.

Stereotactic body radiotherapy (SBRT) with conformity and rapid dose falloff has become an important research topic, to provide a higher biologically
effective dose. It has been used to treat many cancers. The current research
hotspot is to evaluate the efficacy and toxicity of SBRT for patients with locally
advanced unresectable and metastatic pancreatic cancer.

1

This study presented outcomes in a series of patients with locally advanced
unresectable and metastatic pancreatic cancer who underwent SBRT using
the CyberKnife system. The radiotherapy plan was 30-36 Gy in three fractions
or 40-48 Gy in four fractions. The dose-volume constraints for organs at risk
were: duodenum, V 1 mL < 25 Gy; stomach and small bowel, V 1 mL < 25 Gy,
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Abstract
AIM: to demonstrate that caudate lobectomy is a valid
treatment in cases of hepatocellular carcinoma (HCC)
rupture in the caudate lobe based on our experience
with the largest case series reported to date.

Institutional review board statement: This work has been
improved by the ethics committee of Zhejiang Provincial People’
s Hospital.

METHODS: A retrospective study of eight patients
presenting with spontaneous rupture and hemorrhage
of HCC in the caudate lobe was conducted. Two
patients underwent ineffective transarterial embolization
preoperatively. Caudate lobectomy was performed in all
eight patients. Bilateral approach was taken in seven
cases for isolated complete caudate lobectomy. Left-sided
approach was employed in one case for isolated partial
caudate lobectomy. Transarterial chemoembolization
was performed postoperatively in all patients.

Informed consent statement: Informed consent was obtained
from all the patients at the admission to the hospital.
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in this clinical study.
Data sharing statement: No additional unpublished data are
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: Caudate lobectomy was successfully
completed in all eight cases. The median time delay
from the diagnosis to operation was 5 d (range:
0.25-9). Median operating time was 200 min (range:
120-310) with a median blood loss of 900 mL (range:
300-1500). Five patient remained in long-term follow-
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up, with one patient becoming lost to follow-up at 3
years and two patients currently alive at 7 and 19 mo.
One patient required reoperation due to recurrence.
Gamma knife intervention was performed for brain
metastasis in another case. Two patients survived for
10 and 84 mo postoperatively, ultimately succumbing
to multiple organ metastases.

cases, with approximately 10% of HCC patients dying
[4]
of this complication annually in Asia . Spontaneous
rupture and hemorrhage of HCC at the caudate
[5]
lobe is especially rare and catastrophic . Rupture
is mainly a consequence of increased tension from
tumor progression, central necrosis, malacosis, or
liquefaction. Although transarterial embolization (TAE)
is the first choice in the treatment algorithm, the
outcome is not always satisfactory and hepatectomy
cannot be avoided. Management of tumor rupture
in the caudate lobe necessitates caudate lobectomy
- a technically challenging operation confounded by
caudate lobe anatomy and complicated further by
[6]
intricate vasculature of the main organ . The multitude
of branches from both right and left hepatic arteries
makes inflow occlusion to the tumor and hemostasis
of the caudate lobe equally difficult to achieve. These
factors explain the insufficiency and ineffectiveness of
TAE, and warrant special considerations for surgical
management of these cases.
Caudate lobectomy is the primary salvage treatment
for spontaneous HCC rupture in the caudate lobe. Our
team has accumulated significant experience with
surgical management of the caudate lobe, detailing
relevant anatomy and methodology in publication for
[5]
better global understanding of caudate lobectomy .
The cases are sparse, however, leaving few medical
centers with necessary exposure. Comprehensive case
reporting remains pivotal to systematic validation of
surgical treatment. We present our experience with
eight cases of spontaneous rupture and hemorrhage of
HCC in the caudate lobe, constituting the largest case
series reported to date.

CONCLUSION: Caudate lobectomy is the salvage choice
for HCC rupture in the caudate lobe. Local anatomy
and physiologic features of the disease render caudate
lobectomy a technically difficult operation. Postponement
of surgical intervention is thus recommended while
the rupture remains hemodynamically stable until an
experienced surgeon becomes available. Prognosis is
confounded by numerous factors, but long-term survival
can be expected in the majority of cases.
Key words: Caudate lobectomy; Hepatocellular carcinoma;
Emergency; Rupture; transarterial embolization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Management of spontaneous rupture and
hemorrhage of hepatocellular carcinoma is seldom
reported due to its rareness and severity. This article
demonstrates that caudate lobectomy is a valid treat
ment as well as the salvage choice for management in
such cases based on our experience with the largest
case series reported to date. Based on limited longterm follow-up data, overall 1-year and 3-year survival
rates have been achieved. In addition, delayed surgery
is advised over prudent resection until an experienced
surgical team becomes available.

MATERIALS AND METHODS

Hong DF, Liu YB, Peng SY, Pang JZ, Wang ZF, Cheng J, Shen
GL, Zhang YB. Management of hepatocellular carcinoma
rupture in the caudate lobe. World J Gastroenterol 2015;
21(26): 8163-8169 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i26/8163.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i26.8163

A retrospective study of eight patients presenting with
spontaneous rupture and hemorrhage of HCC in the
caudate lobe was conducted. Patients were evaluated
at admission to our center between January 2010 and
July 2013 and were managed surgically by caudate
lobectomy. Patient demographics and disease profiles
are summarized in Table 1. All patients were male with
a median age of 41.5 years (range: 33 to 47 years).
Previous interventions included left hepatectomy
for HCC resection in one patient two years prior to
our involvement, and two cases of prior TAE. Seven
patients presented Child-Pugh A liver function, with
one patient classified as Child-Pugh C. Portal vein
thrombus was absent in all eight patients and no other
medical co-morbidities were identified. Seven patients
were haemodynamically stable on admission and
underwent planned hepatectomy. Emergency surgery
was performed on admission in one haemodynamically
unstable patient with confirmed rupture of the lesser
sac and intra-abdominal bleeding. Postoperative
pathology confirmed liver cirrhosis and HCC in all eight
subjects.

INTRODUCTION
Hepatitis B virus (HBV) infection remains a major
public health problem with more than 350 million
[1]
chronic HBV sufferers worldwide . Chronic HBV
infection is the cause of approximately one third of all
cases of liver cirrhosis and more than three quarters of
[2,3]
all hepatocelluar carcinoma (HCC) cases worldwide .
Longstanding history of hepatitis B infection and liver
cirrhosis prior to HCC confirmation comprise the typical
pathological process for HCC patients in China.
Spontaneous tumor rupture is one of the most
severe complications of HCC. Incidence of rupture is
reported at rates varying from 3% to 15% of all HCC
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Table 1 Patient demographics and disease history
Patient
number
1
2
3
4
5
6
7
8

Age
46
33
47
41
42
45
39
40

Gender Liver function Child- Hepatitis Cirrhosis
Pugh classification
M
M
M
M
M
M
M
M

A
C
A
A
A
A
A
A

B
B
B
B
B
B
B
B

Y
Y
N
Y
Y
Y
Y
Y

Preoperative
TAE

Intact lesser
sac

Intact liver
capsule

Tumor size
(cm)

Time delayed for
operation (d)

N
N
N
Y
Y
N
N
N

Y
N
Y
Y
Y
Y
Y
Y

Y
N
Y
Y
N
Y
N
Y

7×8×6
9 × 10 × 9
5×4×8
3×3×3
10 × 6 × 6
7×7×6
4×5×6
5×6×6

93
0.25
1
1
5
8
6
5

Table 2 Surgical findings and outcomes
Patient
number
1
2
3
4
5
6
7
8

Surgical approach

Operating
time (min)

Intraoperative
blood loss (mL)

Intraoperative blood transfusion
(RBC: U; plasma: mL)

Complications

Survival time (mo)

Combined complete
Left partial
Combined complete
Combined complete
Combined complete
Combined complete
Combined complete
Combined complete

210
190
310
270
150
160
290
120

1000
1500
1200
1000
300
500
800
350

3.5; 800
12; 2540
7; 1100
8; 1600
None
2; 200
3; 400
None

N
Wound infection
Wound infection
N
N
N
N
N

10
19
361
84
7
Lost to follow-up
Lost to follow-up
Lost to follow-up

1

Patient was lost to follow-up after 3 years. Survival time taken at 36 mo.

preparation for Pringle’s maneuver. Infrahepatic inferior
vena cava (IVC) was exposed by parting overlying
retroperitoneum and encircled with an additional urine
catheter in preparation for inflow and outflow control
(Figure 1). Both controls were applied immediately if
the lesser sac was found damaged and active bleeding
was confirmed. Dissection was then performed
along the anterior surface of the retrohepatic IVC.
To facilitate this process, several short hepatic veins
draining the caudate lobe were identified, ligated,
and divided. Left hepatic lobe was thus mobilized and
rotated to the right. With the caudate process exposed,
the hepatoduodenal ligament became available for
mobilization to the right, revealing the portal triad of
the caudate lobe and opening it to transection. The
stump was closed with 4-0 prolene suture. Attention
was then shifted to short hepatic veins supplying the
IVC from the caudate lobe. Both were ligated and
divided, marking separation and cauterization of the
connection between right and left portions of the liver.
Finally, the caudate lobe containing the tumor became
open to resection (Figure 2).
Resection was completed under intermittent inflow
occlusion with Pringle’s maneuver. Occlusion time
limit was 10 min with 2 min reperfusion. The liver
parenchyma was transected by means of curettage
[1]
and aspiration using Peng’s Multifunctional Operative
Dissector (PMOD). Figure 3 shows the anatomy
of caudate lobe fossa and IVC. The abdomen was
irrigated with large volumes of hypoosmotic fluids. One
gram of 5-fluorouracil (5-FU) was administered intra-

2

1
3

Figure 1 Inflow and outflow control during combined bilateral approach.
Control of infrahepatic inferior vena cava (IVC) (arrow 1), suprahepatic IVC
(arrow 2), and hepatoduodenal ligament (arrow 3) during bilateral approach for
ruptured hepatocellular carcinoma repair.

Surgical procedure

Surgical repair occurred on average 9 d after symptom
onset (range, 6 h to 93 d). Tumor size and location
dictated the choice of procedure. Isolated caudate
lobectomy was performed in seven cases. Patient
2 underwent partial caudate lobectomy. A reversed
L-shaped incision was made in seven cases. A roof
incision overlaying the existing incision line was made
in the patient with a prior history of hepatectomy.
Procedure details are summarized in Table 2.
The liver was mobilized by dissection of hepatic
ligaments. The hilum was exposed and hepatoduodenal
ligament was encircled with a No. 8 urine catheter in

WJG|www.wjgnet.com
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Figure 2 Rupture site access during left-sided approach. Left-sided
approach for ruptured hepatocellular carcinoma repair in Spiegel lobe. Rupture
site is shown (white arrow).

were limited to two incidences of incision infection.
Patients 6-8 became unavailable for further posto
perative follow-up.
Two patients expired in the course of long-term
follow-up. Patient 1 underwent gastric endoscopy 9 mo
after caudate lobectomy due to upper gastrointestinal
bleeding. Patient 4 was treated conservatively for a
month until death due to tumor metastasis. Patient 4
developed multiple organ metastases; brain metastasis
was found 4 years after caudate lobectomy and
treated with gamma knife therapy, succeeded by a
liver recurrence 2 years later and treated with TACE.
Patient 3 had a recurrence of HCC on the left liver 8
mo after the operation, receiving RF treatment and
ultimately becoming lost to follow-up at 3 years.
Two patients remain in follow-up. Patient 2 was
found with a mass in the perigastric region just
lateral to the liver at 8 mo postoperatively. The mass
was removed by reoperation revealing multiple
intraabdominal and abdominal wall metastases.
Pathology confirmed metastatic infiltrative HCC. This
individual received regular chemotherapy and one
TACE treatment. Tumor progression was noted with
a growing number of metastatic lymph nodes and
th
portal tumor thrombi. Patient 5 is currently on the 7
mo of postoperative observation, having undergone
two TACE treatments during that time. Patient’s recent
CT and laboratory findings show no recurrence or
metastasis.

Figure 3 Anatomy of caudate lobe fossa and inferior vena cava. Caudate
lobe fossa (circumscribed by yellow dotted zone) and inferior vena cava (arrow)
following removal of caudate lobe.

DISCUSSION
While HCC occurrence in the caudate lobe is not
[7,8]
uncommon , rupture of the tumor is exceptionally
rare. The diagnosis is not difficult, typically characterized
by clinical symptoms of sudden-onset upper abdominal
pain and imaging revealing hematoma lesion in the
[9]
lesser sac tracing from the caudate lobe . TAE is
recommended as initial treatment. However, its efficacy
suffers tremendously from the multitude of venous
branches draining the caudate lobe and its proximity to
[5,10]
major vessels
.
The caudate lobe of the liver is notable for its
anatomic location - easily identified as the segment
[11]
straddling right and left lobes of the liver
and
fundamentally difficult to approach surgically. It lies
between major vascular structures - the IVC posteriorly,
the portal triads inferiorly, and the hepatic venous
[12]
confluence superiorly , - all carrying great volume
and posing tremendous danger during the operation.
These anatomic and physiologic circumstances render
caudate lobectomy a formidable technical challenge,
and demand substantial experience to guarantee safe
surgical management. As a major regional institution,
our center treats numerous cases of HCC rupture and
accepts transfers from outside hospitals, affording
our team critical exposure to this scarce population.
A comprehensive text was published introducing our
findings and providing a detailed account of surgical

abdominally. Two to three abdominal drainages were
placed for each patient and subsequently removed 3
to 5 d following confirmation by abdominal ultrasound.

RESULTS
All eight patients underwent caudate lobectomy
between 0.25 and 9 d following diagnosis of HCC
rupture. Median operating time was 200 min (range:
120 to 310 min) with a median blood loss of 900 ml
(range: 300 to 1500 ml). Two to four RBC units and
400 ml plasma were transfused. Surgical findings are
detailed in Table 2. Three cases were characterized
by an intact lesser sac in the presence of ruptured
hepatic capsule. Resected specimens showed blood
clots and caudate lobe tissue resembling that of a
compromised lesser sac. Encapsulated clot and liver
tissue samples were obtained from the caudate lobe in
patients presenting intact hepatic capsules. All patients
underwent transarterial chemoembolization (TACE)
postoperatively as necessitated by liver function,
presence of recurrence on radiologic findings, and
serum AFP.
Zero mortality was observed in the early posto
perative period (Table 2). Postoperative complications

WJG|www.wjgnet.com
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[6]

interventions for the hepatic caudate lobe . While the
body of experience and the volume of published work
detailing tumor rupture management have earned our
team expert recognition in this methodology, continued
discussion of notable surgical cases will inevitably
advance global understanding of caudate lobectomy.
Caudate lobectomy remains the salvage procedure
[5]
in many cases following TAE failure despite its
technical challenges, associated mortality rate of
[6]
5.3%-14% , and inadvertent lack of surgeons wielding
necessary expertise. Since the caudate lobe resides
within the lesser sac, post tumor rupture hemorrhage
is contained by the lesser sac for as long as it remains
intact. The bleeding of ruptured tumors in the caudate
lobe thus becomes a secondary problem, not subject to
immediate nor aggressive management. This explains
the relative haemodynamic stability in seven cases
observed at the time of admission to our center. Once
the lesser sac does undergo rupture, the emergent
bleeding becomes fatal if it is not controlled.
All eight cases in this series were initially haemo
dynamically stable as confirmed by imaging studies and
intraoperative findings due to anatomically benevolent
circumstances. One patient presenting for emergent
surgical management at transfer to our hospital delivers
a comprehensive lesson in management of HCC
rupture in the caudate lobe. His clinical course vividly
demonstrates the role of proper treatment algorithm,
timing, and surgical specialization in the setting of a rare
medical catastrophe. This individual initially presented
in stable condition to a local hospital with the diagnosis
of HCC rupture in the caudate lobe confirmed by CT
scan, as attributable to the intact lesser sac. Transfer
to another medical center for further management
entailed an 8 h transit by train and immediate surgical
intervention was necessary at the time of arrival.
Unfortunately, the admitting surgeon was not sufficiently
experienced in caudate lobectomy and the IVC was
accidently injured. Massive hemorrhage resulted in
hemorrhagic shock, driving the decision for fast track
surgery. A local gauze packing was applied and the
patient was temporarily stabilized for transfer to our
center. Emergency surgery was performed immediately
on admission to our hospital and the patient was
successfully repaired. Since the start of the second
operation, the patient sustained three instances of
cardiac arrest and massive blood loss. Another notable
issue in this patient’s course is the prompt recovery of
liver function despite preoperative classification as ChildPugh C. This is largely attributable to low serum protein
level caused by sustained hemorrhage.
Optimal timing for caudate lobectomy following
HCC rupture in the caudate lobe is subject to critical
evaluation. While the lesser sac is intact, conservative
treatment is preferred until an experienced surgical
team becomes available. However, in emergency
conditions instigated by lesser sac rupture, ongoing
uncontrolled hemorrhage, and unsuccessful TAE, fast
track surgery must be considered even if a specialized

WJG|www.wjgnet.com

hepatobiliary surgeon is unavailable. In this series,
every patient undergoing caudate lobectomy at our
center had previously undergone surgical intervention
that should have been avoided. Nevertheless, secondary
fast track surgical strategy proved to be an appropriate
and necessary salvage choice.
Four types of lobectomy approaches have been
[13-19]
described
: Left-sided, right-sided, anterior
transhepatic, and bilateral, combining left and rightsided approaches. In this series, left-sided approach was
taken in the case of ruptured HCC in Spiegel lobe (Figure
2). This patient underwent isolated partial caudate
lobectomy. Bilateral approach was elected in seven
cases for an isolated complete caudate lobectomy.
Anterior transhepatic approach was unnecessary as the
tumors were not exceedingly large.
As is ubiquitous to all oncology practices, surgical
outcomes correlate closely with several patient-specific
variables. Physiological profile of HCC and anatomical
complexity of the caudate lobe put this patient
population at a particularly high risk of postoperative
recurrence. An accurate postoperative prognosis is
therefore difficult to deliver, and the disease often
warrants continued aggressive treatment following
removal of the ruptured tumor.
An intact lesser sac may prevent peritoneal
dispersion of ruptured HCC. Among cases treated at
our center, the patient whose lesser sac did rupture
was found to have a recurrence at the original tumor
site 8 mo postoperatively. Analogously, the patient with
a prior history of HCC and left hepatectomy presenting
to us with a tumor recurrence at the caudate lobe
appreciated the shortest survival time of 10 mo. The
patient with the longest survival (84 mo) had the
smallest caudate lobe tumor in the series, measuring
3
3 cm . He underwent six TACE treatments following
the first surgery and seven subsequent rounds of
radiotherapy for brain metastasis spanning 48 and 80
mo, respectively. Three patients in this series expired
in the course of postoperative treatment. Long-term
evaluation of the remaining five patients revealed
metastasis or recurrence. These patients underwent
TACE postoperatively on a minimum of two occasions.
This case series underscores another notable
issue: the prevalence of hepatitis B infection and
liver cirrhosis in patients prior to HCC confirmation.
This is a typical pathological process for HCC patients
[20-27]
in China
. Impaired liver function and possible
hypersplenism secondary to cirrhotic liver are evident
in these cases. Resultant coagulopathy predisposes
to uncontrolled bleeding and multiplies the risks
[28]
and technical demands of surgery . In this report,
all patients presented abnormalities in coagulation
function preoperatively. The median blood loss was
900 ml (range: 300-1500 ml) - a relatively large
volume. The fact that minimal blood loss closely
correlates with better HCC prognosis augments the
challenges of surgical involvement in the caudate lobe.
However, in the context of varying time from symptom
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Among the advices, postponement of surgical intervention while the rupture
remains hemodynamically stable until an experienced surgeon becomes
available, is the key suggested principle.

onset to surgical repair, these data are revealed to
be less influential to surgical decision making and
prognosis.
The experience summarized in this report con
stitutes the largest case series presented to date.
Published findings regarding caudate lobectomy are
[6,29]
sparse
relative to publications depicting other types
[30]
of hepatectomy . While our group has accumulated
significant experience with caudate lobectomy and
detailed relevant anatomy and techniques, surgical
management of HCC tumor rupture in the caudate lobe
remains an isolated domain. Equally obscure, caudate
lobe rupture of non-oncologic etiology presents another
extreme for the application of caudate lobectomy
techniques, as do giant caudate lobe tumors. Clinical
considerations and intraoperative recommendations
applicable to HCC rupture in the caudate lobe may
be extended to the management of these rare and
complex cases. For improved understanding and
mastery of caudate lobectomy, the efforts to document
these cases must be continued.
Caudate lobectomy is the salvage choice for
management of spontaneous rupture and hemorrhage
of HCC in the caudate lobe. Anatomic and physiologic
circumstances render caudate lobectomy a remarkable
technical challenge. Delayed surgery is advised over
prudent resection until an experienced surgical team
becomes available. Hepatitis infection, cirrhosis,
and HCC recurrence can be expected to compound
the treatment algorithm and postoperative course.
Sustained blood loss should be considered as the
underlying cause of low serum protein in the evaluation
of liver function.
The majority of reviewed cases presenting with
HCC rupture in the caudate lobe demonstrated no
hemodynamic instability and were managed conser
vatively until caudate lobectomy was performed by an
experienced hepatobiliary surgeon. Based on limited
long-term follow-up data, overall 1-year and 3-year
survival rates have been achieved.

Peer-review

The authors present a case series on a rare clinical condition, the management
of which cannot be examined in higher-level studies because of low incidence.
The approach they suggest is well accepted and is presented with all necessary
details. The paper is well written and provides a sound basis for further
discussion.
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Abstract
AIM: To investigate the effects of Japanese apricot
(JA) consumption on gastroesophageal reflux disease
(GERD)-related symptoms.

Institutional review board statement: The study was reviewed
and approved by the Wakayama Medical University Institutional
Review Board, Wakayama No.1523.

METHODS: Participants included individuals living
in Minabe-cho, a well-known JA-growing region,
who received specific medical check-ups by the local
community health service in 2010. GERD-related
symptoms were examined in 1303 Japanese individuals
using a validated questionnaire, the Frequency Scale
for Symptoms of GERD (FSSG), which consists of 7
questions associated with acid reflux symptoms and
5 questions asking about gastrointestinal dysmotility
symptoms. Each question was answered using a 4-point
scale, with higher scores indicating more severe GERDrelated symptoms. Subjects were divided into two
groups according to their intake of dried and pickled JA:
daily intake (≥ 1 JA daily) (392 subjects) and none or

Informed consent statement: Written, informed consent was
obtained from all participants.
Conflict-of-interest statement: There is no conflict of interest
in this study.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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occasional intake (< 1 JA daily) (911 subjects). FSSG
scores were compared between subjects who consumed
JA daily and those who did not. Next, subjects were
stratified by age, gender and Helicobacter pylori (H.
pylori ) status for subanalyses.

DOI: http://dx.doi.org/10.3748/wjg.v21.i26.8170

RESULTS: Those who ate JA daily were significantly
older than those who did not (60.6 ± 10.5 years vs
56.0 ± 11.0 years, P < 0.001). Total FSSG scores were
significantly lower in subjects with daily JA intake than
in those with none or only occasional intake (2.13 ±
3.14 vs 2.70 ± 3.82, P = 0.005). In particular, subjects
who consumed JA daily showed significantly improved
FSSG dysmotility scores compared with subjects who
did not (1.05 ± 1.58 vs 1.46 ± 2.11, P < 0.001). In
contrast, the FSSG reflux score did not differ between
subjects with and without daily intake of JA (1.08 ±
1.90 vs 1.24 ± 2.11, P = 0.177). Subanalysis indicated
that improvement in dysmotility by JA intake was
specifically observed in non-elderly (1.24 ± 1.68 vs 1.62
± 2.22, P = 0.005) and H. pylori -negative subjects (0.99
± 1.58 vs 1.57 ± 2.06, P < 0.001). GERD patients (total
FSSG score ≥ 8) were less frequently observed among
subjects with daily intake of JA as compared to those
without daily intake of JA (6.1% vs 9.7%, P = 0.040).

The Japanese apricot (JA) (“ume” in Japanese; Prunus
mume, Siebold et Zucc.) enjoys great popularity in
Japan. Since ancient times, the JA has been processed
into a dried and pickled form (“umeboshi”), and made
into liquor and soft drinks. These products have been
known to possess various medicinal benefits and have
been frequently prescribed as a traditional folk remedy.
JA has been reported to possess such beneficial
[1]
biological activities as improving blood fluidity , anti[2]
fatigue effect , protection from the human influenza A
[3]
[4]
virus , and anti-cancer effect . The biological basis of
the efficacy of JA is partly attributable to anti-oxidative
[5]
and free radical scavenging activities , and partly to
[6,7]
immune enhancement .
In Eastern countries, although JA is widely believed
to improve various gastrointestinal disorders, including
gastrointestinal motility, dyspepsia and gastrointestinal
infections, the effect of JA on the gastrointestinal
system has scarcely been evaluated in a scientific
manner. We previously reported that JA intake exerted
a preventive effect on chronic atrophic gastritis by
inhibiting Helicobacter pylori (H. pylori) infection and
[8]
reducing mucosal inflammation . Meanwhile, animal
models have suggested that JA or the alimentary fiber
provided by it enhances gastrointestinal motility. JA
showed laxative effects in the low-fiber diet-induced
[9]
constipation rat model , and the increased alimentary
fiber resulting from JA ingestion produced fecal lipid
excretion effects and feces bulking effects in adult mice
by inducing changes in the composition of intestinal
[10]
flora .
Gastroesophageal reflux disease (GERD) is a
common disease in Western countries. Recently, the
number of GERD patients has also been increasing
in Japan, owing to the Westernization of diets and
the decrease in prevalence of H. pylori infection. The
main symptoms of GERD can be attributed to reflux of
gastric acid and gastrointestinal dysmotility. Subjects
with GERD often get heartburn, an unusual sensation
in the throat, and bitter liquid coming up into the
throat due to reflux of gastric acid, with or without
esophageal mucosal injury. Furthermore, they often
feel full, sick or heavy during and after meals, and
[11]
often burp due to gastrointestinal dysmotility . The
traditional Japanese folk remedy of ingestion of JA is
probably based on its effects on gastric acid secretion
and gastrointestinal motility, resulting in improvement
of GERD symptoms.
In this study, therefore, we investigated and
compared GERD symptoms between Japanese
inhabitants who took and did not take JA daily, using
a questionnaire that can quantify the severity of GERD

INTRODUCTION

CONCLUSION: Daily JA intake may improve digestive
dysmotility symptoms, resulting in relief of GERD
symptoms. The effect is more obvious in non-elderly
and H. pylori -negative subjects.
Key words: Japanese apricot; Umeboshi ; Gastroeso
phageal reflux disease; Frequency Scale for Symptoms
of gastroesophageal reflux disease; Dysmotility
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Japanese apricot (JA), which is eaten as a daily
food in Japan, is considered to have medicinal benefits.
We focused on the effect of JA on gastroesophageal
reflux disease (GERD)-related symptoms in this study.
First, GERD-related symptoms were examined in 1303
Japanese individuals using the validated questionnaire,
the Frequency Scale for Symptoms of GERD (FSSG).
JA was consumed daily by 392 subjects. Then, FSSG
scores were compared between subjects who took one
or more JA daily and those who did not. This study
indicates that daily intake of JA improves digestive
dysmotility symptoms, resulting in relief of GERD-related
symptoms.
Maekita T, Kato J, Enomoto S, Yoshida T, Utsunomiya H,
Hayashi H, Hanamitsu T, Inoue I, Maeda Y, Moribata K, Muraki
Y, Shingaki N, Deguchi H, Ueda K, Iguchi M, Tamai H, Ichinose
M. Japanese apricot improves symptoms of gastrointestinal
dysmotility associated with gastroesophageal reflux disease.
World J Gastroenterol 2015; 21(26): 8170-8177 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i26/8170.htm
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FSSG Questionnaire
Do you have any of the following symptoms? If so, please circle the appropriate response below.
Question
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12

Do you get heartburn?
Does your stomach get bloated?
Does your stomach ever feel heavy after meals?
Do you sometimes subconsciously rub your chest with your hand?
Do you ever feel sick after meals?
Do you get heartburn after meals?
Do you have an unusual (e.g. , burning) sensation in your throat?
Do you feel full while eating meals?
Do some things get stuck when you swallow?
Do you get bitter liquid (acid) coming up into your throat?
Do you burp a lot?
Do you get heartburn if you bend over?

Never
0
0
0
0
0
0
0
0
0
0
0
0

Occasionally
1
1
1
1
1
1
1
1
1
1
1
1

Frequency
Sometimes
2
2
2
2
2
2
2
2
2
2
2
2

Often
3
3
3
3
3
3
3
3
3
3
3
3

Always
4
4
4
4
4
4
4
4
4
4
4
4

Figure 1 Frequency Scale for Symptoms of gastroesophageal reflux disease questionnaire. Of the 12 FSSG questions, 7 questions (Q1, Q4, Q6, Q7, Q9, Q10,
and Q12; shaded lines) deal with acid reflux symptoms, and the other 5 questions (Q2, Q3, Q5, Q8, and Q11, white lines) ask about dysmotility symptoms. FSSG:
Frequency Scale for Symptoms of gastroesophageal reflux disease.

symptoms and differentiate between acid-related
symptoms and dysmotility-related symptoms.

pylori, regular medication, and past history of diseases
affecting the gastrointestinal system. Subjects were
divided into two groups according to the intake of dried
and pickled JA: daily intake (≥ 1 JA daily) and none or
occasional intake (< 1 JA daily).
Subjects who had a previous history of surgical
resection of gastrointestinal cancer (16 subjects), or H.
pylori eradication (167 subjects), and those who had
been prescribed a proton pump inhibitor (PPI) or other
digestive medicines (167 subjects) that might affect
gastrointestinal function were excluded from the study.
Those who did not reply to the FSSG questionnaire (12
subjects) were also excluded. In addition, subjects who
regularly took processed JA, for example, JA extract,
powdered JA or JA juice, other than dried and pickled
JA, were excluded (321 subjects) to avoid confounding
by additional intake of JA ingredients. Thus, a total
of 1303 subjects (589 males and 714 females) were
analyzed in this study. The ethics committee of
Wakayama Medical University approved the study
protocol. Written, informed consent was obtained from
all participants.

MATERIALS AND METHODS
Subjects and study design

Participants in this study included adult individuals
living in Minabe-cho, Wakayama Prefecture, a wellknown JA-growing region, who received specific
medical check-ups provided by the local community
health service. In Minabe-cho, specific medical checkups are performed every year for all inhabitants aged
35 years or older. To remind people about the medical
check-up program, a guidance postcard is sent from
the local community health service to each subject
once a year. In Japan, these types of health check-up
programs are performed to detect diseases, including
cancer, at an early stage. Therefore, subjects who had
specific serious symptoms requiring medical care were
excluded from the program.
The participation rate in the check-up program
in Minabe-cho town in 2010 was about 36%, and a
total of 1902 subjects underwent the check-ups. The
participants received the following tests and procedures:
physical examination, chest X-ray, electrocardiogram,
blood laboratory tests, including H. pylori IgG antibody
titer, urinalysis, upper gastrointestinal barium X-ray
examination, and a fecal occult blood test. H. pylori
IgG antibody titers were measured by ELISA (SRL Inc.,
Tokyo, Japan). Subjects with H. pylori antibody titers ≥
10 U/mL were considered positive for H. pylori infection
and those with titers < 10 U/mL were considered
negative.
The subjects also completed a self administered
questionnaire and an interview to determine general
health status. The questionnaire included an assess
ment of the daily intake of dried and pickled JA or
processed JA, the frequency scale for symptoms of
[11]
GERD (FSSG) , history of therapy for eradication of H.

WJG|www.wjgnet.com

Assessment of the FSSG questionnaire and the
definition of GERD

The FSSG questionnaire for GERD-related symptoms,
[11]
which was developed by Kusano et al in Japan (Figure
1), was evaluated. The questionnaire consists of 12
questions regarding GERD-related symptoms. Of the
12 FSSG questions, 7 questions (Q1, Q4, Q6, Q7, Q9,
Q10, and Q12) are related to acid reflux symptoms,
while the remaining 5 questions (Q2, Q3, Q5, Q8, and
Q11) pertain to gastrointestinal dysmotility symptoms.
Patients assigned each question 0 (never), 1
(occasionally), 2 (sometimes), 3 (often), or 4 (always)
points. Acid reflux-related, gastrointestinal dysmotilityrelated, and total scores were calculated by adding
the points for the 7, 5 and 12 questions, respectively.
GERD was defined as a total score ≥ 8, which is the
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the 1303 subjects, 392 (30%) were categorized into
the daily intake group, while 911 (70%) were included
in the none or occasional group. The characteristics
of subjects in each group are summarized in Table 1.
Those who ate one or more JA daily were significantly
older than those who did not (60.6 ± 10.5 years
vs 56.0 ± 11.0 years, P < 0.001). In addition, the
proportion of male subjects was higher in the daily
intake group.
The total FSSG score was significantly lower in
subjects with daily intake of JA than in those with none
or occasional intake (2.13 ± 3.14 vs 2.70 ± 3.82,
P = 0.005). In particular, those with daily JA intake
had significantly better FSSG dysmotility scores than
subjects who did not take JA daily (1.05 ± 1.58 vs
1.46 ± 2.11, P < 0.001). In contrast, the FSSG acid
reflux score did not differ between subjects with and
without daily intake of JA (1.08 ± 1.90 vs 1.24 ± 2.11,
P =0.177). GERD patients (total FSSG score ≥ 8) were
less frequently observed among subjects with daily
intake of JA as compared to those without (6.1% vs
9.7%, P = 0.040) (Table 1).
Table 2 shows the scores for each question
according to JA intake. Significant differences were
observed in Q2, Q3, Q5, Q8, and Q10 between
subjects with and without daily intake of JA. Four of
these 5 questions relate to dysmotility symptoms.

Table 1 Characteristics and Frequency Scale for Symptoms
of gastroesophageal reflux disease scores of subjects on the
basis of Japanese apricot intake

n
Age (yr)
Sex (male/female)
Helicobacter pylori
infection rate
FSSG
Total score
Acid reflux score
Dysmotility score
Total FSSG score ≥ 8

P value

Daily intake

None or
occasional

(≥ 1 JA daily)

(< 1 JA daily)

392
60.6 ± 10.5
201/191
203 (51.8%)

911
56.0 ± 11.0
388/523
451 (49.5%)

< 0.001
0.004
0.469

2.13 ± 3.14
1.08 ± 1.90
1.05 ± 1.58
24 (6.1%)

2.70 ± 3.82
1.24 ± 2.11
1.46 ± 2.11
88 (9.7%)

0.005
0.177
< 0.001
0.040

Data are expressed as mean ± SD. JA: Japanese apricot; FSSG: Frequency
Scale for Symptoms of gastroesophageal reflux disease.

Table 2 Scores of each Frequency Scale for Symptoms of
gastroesophageal reflux disease question on the basis of
Japanese apricot intake

n
Q1 score
Q2 score
Q3 score
Q4 score
Q5 score
Q6 score
Q7 score
Q8 score
Q9 score
Q10 score
Q11 score
Q12 score

Daily intake

None or occasional

(≥ 1 JA daily)

(< 1 JA daily)

392
0.30 ± 0.62
0.31 ± 0.63
0.18 ± 0.50
0.10 ± 0.37
0.08 ± 0.32
0.19 ± 0.49
0.10 ± 0.43
0.11 ± 0.38
0.11 ± 0.41
0.18 ± 0.43
0.37 ± 0.70
0.09 ± 0.36

911
0.33 ± 0.66
0.44 ± 0.75
0.28 ± 0.62
0.13 ± 0.44
0.13 ± 0.41
0.19 ± 0.49
0.11 ± 0.42
0.23 ± 0.61
0.14 ± 0.44
0.24 ± 0.52
0.38 ± 0.75
0.11 ± 0.40

P value

0.369
0.002
0.001
0.182
0.036
0.865
0.845
< 0.001
0.436
0.043
0.792
0.537

Subgroup analysis

Since there was a significant difference in intake of
JA according to age and gender, subanalyses were
stratified by these factors (Tables 3 and 4). In both male
and female subjects, FSSG dysmotility scores were
significantly lower in subjects with daily intake of JA
than those without (male: 1.00 ± 1.45 vs 1.33 ± 1.99,
P = 0.021, female: 0.76 ± 1.38 vs 0.95 ± 1.65, P =
0.005). In contrast, the FSSG acid reflux score did not
differ between subjects with and without daily intake
of JA (male: 1.01 ± 1.70 vs 1.14 ± 1.89, P = 0.434,
female: 1.14 ± 2.08 vs 1.32 ± 2.27, P = 0.338).
FSSG dysmotility scores in the non-elderly (34-64
years) subgroup of subjects with daily intake of JA
were significantly lower than those of subjects without
daily intake of JA (1.24 ± 1.68 vs 1.62 ± 2.22, P =
0.005), while in the elderly subgroup (65-79 years),
the differences were not significant (0.76 ± 1.38 vs
0.95 ± 1.65, P = 0.268). The FSSG acid reflux scores,
on the other hand, did not differ between subjects
with and without daily intake of JA regardless of age.
These results suggest that JA intake improves upper
gastrointestinal dysmotility in both men and women,
specifically in non-elderly subjects.
Since H. pylori infection may affect digestive
symptoms, subanalysis stratified by H. pylori infection
status was also performed (Table 5). Significantly
lower total FSSG scores and FSSG dysmotility scores
were seen in subjects with daily intake of JA who were
negative for H. pylori infection (total FSSG score: 2.03
± 2.99 vs 2.80 ± 3.69, P = 0.006, FSSG dysmotility

Data are expressed as mean ± SD. JA: Japanese apricot; FSSG: Frequency
Scale for Symptoms of gastroesophageal reflux disease.

[11,12]

recommended cut-off FSSG score for GERD

.

Statistical analysis

The data are expressed as mean ± SD. Data were
analyzed using the unpaired t-test and Fisher’s exact
text. The level of statistical significance was P < 0.05.
All analyses were performed using the SPSS 21.0
software package (SPSS Inc., Chicago, IL, United
States).

RESULTS
Upper gastrointestinal symptoms according to intake of
JA

A total of 1303 subjects (589 men and 714 women,
mean age 57.4 (34-79) years old) received the
medical check-up and answered the questionnaire.
These subjects were analyzed according to intake of
JA: daily intake versus none to occasional intake. Of

WJG|www.wjgnet.com
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Table 3 Characteristics and Frequency Scale for Symptoms of gastroesophageal reflux disease scores of subjects on the basis of
Japanese apricot intake stratified by sex
P value

Male

n
Age (yr)
Helicobacter pylori infection rate
FSSG
Total score
Acid reflux score
Dysmotility score
Total FSSG score ≥ 8

Daily intake
(≥ 1 JA daily)

None or occasional
(< 1 JA daily)

201
60.0 ± 10.8
103 (51.2)

388
56.2 ± 11.6
192 (49.5)

2.01 ± 2.86
1.01 ± 1.70
1.00 ± 1.45
9 (4.5)

2.47 ± 3.53
1.14 ± 1.89
1.33 ± 1.99
34 (8.8)

P value

Female
Daily intake
(≥ 1 JA daily)

None or occasional
(< 1 JA daily)

< 0.001
0.728

191
61.2 ± 10.1
100 (52.4)

523
55.8 ± 10.5
259 (49.5)

< 0.001
0.554

0.091
0.434
0.021
0.066

2.26 ± 3.41
1.14 ± 2.08
0.76 ± 1.38
15 (7.9)

2.88 ± 4.01
1.32 ± 2.27
0.95 ± 1.65
54 (10.3)

0.057
0.338
0.005
0.391

Data are expressed as mean ± SD or n (%). JA: Japanese apricot; FSSG: Frequency Scale for Symptoms of gastroesophageal reflux disease.

Table 4 Characteristics and Frequency Scale for Symptoms of gastroesophageal reflux disease scores of subjects on the basis of
Japanese apricot intake stratified by age
P value

Non-elderly (34-64 yr)

n
Age (yr)
Sex (male/female)
Helicobacter pylori infection rate
FSSG
Total score
Acid reflux score
Dysmotility score
Total FSSG score ≥ 8

Elderly (65-79 yr)

P value

Daily intake

None or occasional

Daily intake

None or occasional

(≥ 1 JA daily)

(< 1 JA daily)

(≥ 1 JA daily)

(< 1 JA daily)

239
54.0 ± 7.7
127/112
129 (54.0)

692
51.5 ± 8.5
280/412
331 (47.8)

< 0.001
0.001
0.151

153
70.9 ± 3.7
74/79
74 (48.4)

219
70.2 ± 3.7
108/111
120 (54.8)

0.052
0.916
0.246

2.50 ± 3.27
1.26 ± 1.99
1.24 ± 1.68
18 (7.5)

2.93 ± 3.96
1.31 ± 2.17
1.62 ± 2.22
77 (11.1)

0.095
0.748
0.005
0.136

1.56 ± 2.82
0.79 ± 1.70
0.76 ± 1.38
6 (3.9)

1.98 ± 3.21
1.03 ± 1.91
0.95 ± 1.65
11 (5.0)

0.191
0.211
0.268
0.802

Data are expressed as mean ± SD or n (%). JA: Japanese apricot; FSSG: Frequency Scale for Symptoms of gastroesophageal reflux disease.

Table 5 Characteristics and Frequency Scale for Symptoms of gastroesophageal reflux disease scores of subjects on the basis of
Japanese apricot intake stratified by Helicobacter pylori infection status
Helicobacter pylori infection
Negative

n
Age (yr)
Sex (male/female)
FSSG
Total score
Acid score
Dysmotility score
Total FSSG score ≥ 8

Positive

Daily intake
(≥ 1 JA daily)

None or occasional
(< 1 JA daily)

189
60.1 ± 11.5
98/91

460
54.0 ± 11.6
196/264

2.03 ± 2.99
1.04 ± 1.80
0.99 ± 1.58
11 (5.8)

2.80 ± 3.69
1.23 ± 2.07
1.57 ± 2.06
42 (9.1)

P value

P value

Daily intake
(≥ 1 JA daily)

None or occasional
(< 1 JA daily)

< 0.001
0.037

203
61.0 ± 9.3
103/100

451
58.1 ± 10.0
192/259

< 0.001
0.062

0.006
0.251
< 0.001
0.206

2.22 ± 3.27
1.11 ± 1.99
1.11 ± 1.58
13 (6.4)

2.60 ± 3.94
1.25 ± 2.16
1.35 ± 2.16
46 (10.2)

0.202
0.435
0.116
0.140

Data are expressed as mean ± SD or n (%). JA: Japanese apricot; FSSG: Frequency Scale for Symptoms of gastroesophageal reflux disease.

score: 0.99 ± 1.58 vs 1.57 ± 2.06, P < 0.001). In
contrast, in H. pylori-positive subjects, there was no
significant difference in either total FSSG or dysmotility
scores between subjects with and without daily intake
of JA.

GERD-related symptoms with respect to the intake
of JA in a Japanese community cohort. Subjects who
took JA daily were less likely to experience GERDrelated symptoms than those who did not take JA
daily. In addition, there were fewer GERD patients
among subjects who took JA daily than those who did
not. Moreover, the lower incidence of GERD-related
symptoms in subjects with daily intake of JA was
mainly attributable to reduced dysmotility of the upper

DISCUSSION
In this study, using a questionnaire, we examined
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gastrointestinal system. These results suggest that
JA facilitates gastric motility and that daily intake of
JA can relieve GERD-related symptoms, resulting in
improvement in the patients’ quality of life.
The JA tree is a fruit-bearing species belonging to the
genus Prunus. Dried and pickled JA, called “umeboshi”
in Japanese, is a typical traditional Japanese pickled
food, which is made from ripened JA pickled with salt.
The taste of umeboshi is extremely sour and salty, and
it is usually eaten with rice. This traditional Japanese
pickle is considered to have antibacterial activity, and to
cause facilitation of salivary secretion and digestion in
[1,13-15]
the gastrointestinal system
.
The improvement in gastric motility resulting from
intake of JA observed in this study can be attributed
to several mechanisms. First, the high acidity of JA
may be responsible for this beneficial effect. Dried and
pickled JA contains strong acids, including citric acid
and malic acid. A previous report showing that JA has
laxative effects in a low-fiber diet-induced constipation
[9]
rat model indicated that citric acid and malic acid
accelerate spontaneous contraction of the isolated rat
colon. In this regard, such strong acid components
may affect gastrointestinal motility. Second, the
increased alimentary fiber due to ingestion of JA could
also reduce dysmotility. Alimentary fiber increases
fecal output and improves gastrointestinal motility
[16-18]
by promoting gastrointestinal tract emptying
. In
addition, it has been reported that the fiber contained
in JA changes the composition of the intestinal flora,
and possesses fecal lipid excretion effects and feces
[10]
bulking effects in adult mice . Gastrointestinal
[19,20]
dysmotility is related to the type of intestinal flora
,
and the change in the composition of intestinal flora
induced by the fiber in JA may improve gastrointestinal
motility. Finally, when we ingest or imagine sour foods,
secretion of saliva and gastric juice is facilitated. In this
regard, the sour taste of JA, largely resulting from the
[14,15,21]
citric acid content, can induce saliva secretion
.
Saliva helps chewing, initial swallowing, and absorption
[22]
of food particles ; hence, increased saliva secretion
induced by the sour taste of JA can improve dysmotility.
Daily intake of JA did not improve GERD-related
acid reflux symptoms in our study. In addition,
improvement of gastric dysmotility by JA intake
was observed only in H. pylori-negative subjects.
Previously, we reported that JA intake inhibits H. pylori
[8]
infection and reduces active mucosal inflammation .
H. pylori has the ability to neutralize gastric acid,
and therefore, suppression of the activity of H. pylori
by intake of JA may improve gastric-acid secretion.
Conversely, the anti-H. pylori effect of JA may worsen
acid reflux symptoms in H. pylori-positive subjects,
although the effect of H. pylori suppression on GERD is
[23,24]
not well established
. Meanwhile, gastric emptying
is reportedly significantly slower in H. pylori-positive
[25]
patients than H. pylori-negative patients . Absence
of improvement in dysmotility by JA intake in H. pylori-
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positive subjects suggests that the effect of JA on
gastric dysmotility may not overcome the negative
effects of H. pylori infection on gastric motility.
Daily intake of JA improved dysmotility symptoms
in both men and women. In contrast, improvement of
dysmotility by JA intake was seen only in non-elderly
subjects. One of the reasons for absence of the effect
of JA in elderly subjects may be impaired visceral
[26]
sensations due to aging . Hence, the effect of JA
on improvement of gastrointestinal motility may not
surpass the depression of gastrointestinal motility due
to aging.
This study has several limitations. First, because JA
is considered to be a “healthy” food with curative or
beneficial effects, it is possible that those who have a
higher intake of JA may also be more likely to have a
healthier lifestyle. Such lifestyles, rather than JA intake,
may affect GERD-related symptoms. Second, neither
smoking habit nor body weight data were collected in
this study. Smoking and body weight are factors that
[27,28]
are known to affect the GERD condition
. Third,
subjects in this study did not undergo endoscopy to
assess for GERD. However, all GERD patients do not
show positive endoscopic findings, and therefore,
other methods, such as the questionnaire survey used
in this study, may also provide sufficient information
to make the diagnosis of GERD. Fourth, the presence
of diabetes may affect dysmotility-like symptoms,
[29,30]
particularly in elderly subjects
. Although we
investigated the presence of diabetes in some of our
patients, significant correlations with dysmotilitylike symptoms were not observed (data not shown
because of the limited number of subjects analyzed).
Finally, our cohort included only a few GERD (FSSG ≥
8) patients. To further demonstrate the effectiveness of
JA on improvement of GERD, the correlation between
intake of JA and GERD symptoms should be examined
in GERD patients in the future.
Daily intake of JA improves digestive dysmotility
symptoms, resulting in relief of GERD symptoms. The
effect is more obvious in non-elderly and H. pylorinegative subjects. Hence, JA should be recommended
as a dietary supplement in young adults in developed
countries who have GERD symptoms. Moreover,
improvement of hygiene will lower the prevalence
of H. pylori infection, particularly in Asian countries,
where people eat mainly rice, since intake of JA with
rice would alleviate GERD symptoms in susceptible
populations. Elucidation of the precise mechanism of
improvement in gastric motility by JA may lead to the
development of new drugs for GERD.
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Abstract
AIM: To compare the clinical efficacies of two surgical
procedures for hemorrhoid rectal prolapse with outlet
obstruction-induced constipation.

Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of Xinjiang Medical
University.

METHODS: One hundred eight inpatients who
underwent surgery for outlet obstructive constipation
caused by internal rectal prolapse and circumferential
hemorrhoids at the First Affiliated Hospital of Xinjiang
Medical University from June 2012 to June 2013 were
prospectively included in the study. The patients with
rectal prolapse hemorrhoids with outlet obstructioninduced constipation were randomly divided into two
groups to undergo either a procedure for prolapse
and hemorrhoids (PPH) (n = 54) or conventional
surgery (n = 54; control group). Short-term (operative
time, postoperative hospital stay, postoperative
urinary retention, postoperative perianal edema, and
postoperative pain) and long-term (postoperative anal
stenosis, postoperative sensory anal incontinence,
postoperative recurrence, and postoperative difficulty in
defecation) clinical effects were compared between the
two groups. The short- and long-term efficacies of the
two procedures were determined.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
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RESULTS: In terms of short-term clinical effects,
operative time and postoperative hospital stay were
significantly shorter in the PPH group than in the control
group (24.36 ± 5.16 min vs 44.27 ± 6.57 min, 2.1 ±
1.4 d vs 3.6 ± 2.3 d, both P < 0.01). The incidence of
postoperative urinary retention was higher in the PPH
group than in the control group, but the difference was
not statistically significant (48.15% vs 37.04%). The
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incidence of perianal edema was significantly lower in
the PPH group (11.11% vs 42.60%, P < 0.05). The
visual analogue scale scores at 24 h after surgery,
first defecation, and one week after surgery were
significantly lower in the PPH group (2.9 ± 0.9 vs 8.3 ±
1.1, 2.0 ± 0.5 vs 6.5 ± 0.8, and 1.7 ± 0.5 vs 5.0 ± 0.7,
respectively, all P < 0.01). With regard to long-term
clinical effects, the incidence of anal stenosis was lower
in the PPH group than in the control group, but the
difference was not significant (1.85% vs 5.56%). The
incidence of sensory anal incontinence was significantly
lower in the PPH group (3.70% vs 12.96%, P < 0.05).
The incidences of recurrent internal rectal prolapse and
difficulty in defecation were lower in the PPH group
than in the control group, but the differences were not
significant (11.11% vs 16.67% and 12.96% vs 24.07%,
respectively).

due to the continuous improvement of living standards,
the incidence of constipation has been increasing, and
thus has become one of the important factors that
seriously affect human health. Based on the dynamics of
defecation, constipation can be divided into three types:
slow transit constipation, outlet obstructive constipation,
and mixed type constipation. Conservative treatment
is the main therapy for slow transit constipation,
and surgery is not advocated. Outlet obstructive
constipation is more common in middle-aged and
elderly females and often requires management by
surgery. Outlet obstructive constipation may be caused
by circumferential hemorrhoids, internal rectal prolapse,
rectocele and puborectalis muscle syndrome, with
internal rectal prolapse and circumferential hemorrhoids
being the most common causes. Currently, there are
multiple surgical procedures available for the treatment
of outlet obstructive constipation caused by internal
rectal prolapse with circumferential hemorrhoids,
with traditional ligation of prolapsed rectal mucosa
and hemorrhoids and procedure for prolapse and
hemorrhoids (PPH) being the most commonly used. The
present study was conducted to assess whether PPH is
superior to the traditional surgery in the management
of outlet obstructive constipation caused by internal
rectal prolapse with circumferential hemorrhoids.

CONCLUSION: PPH is superior to the traditional
surgery in the management of outlet obstructive
constipation caused by internal rectal prolapse with
circumferential hemorrhoids.
Key words: Internal rectal prolapse; Outlet obstructive
constipation; Procedure for prolapse and hemorrhoids;
Prospective study; Randomized controlled study
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: This study included 54 patients with rectal
prolapse hemorrhoids and compared procedure for
prolapse and hemorrhoids (PPH) with a traditional
operation. The PPH group had a significantly shorter
operative time, shorter hospital stay, and lower
incidence of postoperative edema perianal, posto
perative pain, and sensory incontinence compared to
the group receiving traditional surgical treatment. PPH
surgery has an obvious effect that can be widely used
in clinical treatment.

Patients

One hundred eight inpatients who underwent surgery
for outlet obstructive constipation caused by internal
rectal prolapse and circumferential hemorrhoids at the
First Affiliated Hospital of Xinjiang Medical University
from June 2012 to June 2013 were prospectively
included in the study. Hemorrhoids were diagnosed
by history, digital rectal examination, and anoscopic
examination according to the Diagnostic Criteria for
Hemorrhoids formulated in 2004 by the Anorectal
Surgery Group of Surgery Branch of China Association
[1]
of Chinese Medicine . Internal rectal prolapse was
graded according to the criteria formulated in 1975
at the National Conference of Anorectal Medicine.
The patients were divided into two groups using a
randomized block design to undergo either PPH (n =
54) or traditional surgery (ligation of prolapsed rectal
mucosa and hemorrhoids; n = 54). The PPH group was
comprised of 20 men and 34 women, with a mean age
of 55.4 ± 8.5 years; the control group was comprised of
23 men and 31 women, with a mean age of 54.1 ± 9.1
years. For the PPH group, the mean disease duration
was 11.4 ± 3.7 years; there were 39 cases of grade
Ⅲ hemorrhoids, 15 cases of grade Ⅳ hemorrhoids, 24
cases of grade Ⅱ internal rectal prolapse, and 30 cases
of grade Ⅲ internal rectal prolapse. For the control
group, the mean disease duration was 10.2 ± 4.1
years; there were 37 cases of grade Ⅲ hemorrhoids,
17 cases of grade Ⅳ hemorrhoids, 26 cases of grade

Lu M, Yang B, Liu Y, Liu Q, Wen H. Procedure for prolapse
and hemorrhoids vs traditional surgery for outlet obstructive
constipation. World J Gastroenterol 2015; 21(26): 8178-8183
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i26/8178.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i26.8178

INTRODUCTION
Constipation is the most common chronic digestive
symptom of many causes. It is characterized by
decreased defecation frequency, decreased amount
of feces, dry feces, and difficulty in defecation. The
incidence of constipation is associated with many factors
including sex, age, dietary habit, and occupation.
Statistics show that the incidence of constipation is as
high as 20% in the general population. In recent years,
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Figure 1 Visual analogue scale. Mild pain: 1-3 points; moderate pain: 4-6 points; severe pain: 7-10 points.

Ⅱ internal rectal prolapse, and 28 cases of grade Ⅲ
internal rectal prolapse. Baseline data including age,
sex, grade of hemorrhoids, and grade of internal rectal
prolapse were not significantly different between the
two groups.

a di-wing anoscope was inserted to fully expose the
prolapsed rectal mucosa. The ligation of the prolapsed
rectal mucosa was then performed, followed by the
ligation of hemorrhoids. Sufficient skin and mucosal
bridges were retained between adjacent hemorrhoids.
After careful detection of possible active bleeding
points, Vaseline gauze was placed into the anal canal
for compression hemostasis. After aseptic dressing
was applied, adhesive tape and T-bandage were used
for fixation.

Inclusion criteria

Inclusion criteria were: (1) grade Ⅲ or Ⅳ hemorrhoids;
(2) age 45-65 years; (3) grade Ⅱ or Ⅲ internal
rectal prolapse diagnosed by defecography; and (4)
clinical manifestations including difficulty in defecation,
sensation of anorectal obstruction, anal tenesmus or
discomfort, prolonged defecation, and the frequent
need of manual maneuvers to facilitate defecations.

Outcome measures

Both short- and long-term outcome measures were
evaluated in this study. Short-term outcome measures
were arbitrarily defined as those observed within 3 mo
after surgery, whereas long-term outcome measures
were those observed 6 mo or longer after surgery.
Short-term outcome measures included operative
time, postoperative hospital stay, postoperative
urinary retention, postoperative perianal edema,
and postoperative pain, whereas long-term outcome
measures included postoperative anal stenosis,
postoperative sensory anal incontinence, postoperative
recurrence, and postoperative difficulty in defecation.

Exclusion criteria

Exclusion criteria were: (1) patients with severe anal
stenosis or anal incontinence; (2) patients with a
previous history of surgery or injection therapy for
hemorrhoids; (3) patients with malignant tumors of
the colon, rectum, or anal canal; and (4) patients
with severe diseases of the heart, brain, liver, kidney,
hematologic or endocrine system, or the disabled.

Operative procedures

Postoperative pain evaluation

For PPH, sacral anesthesia was performed and the
patients were placed in the right lateral decubitus
position. After the surgical area was disinfected with
0.5% iodophor liquid, the anal canal was expanded
to insert a circular anal dilator and obturator. The
obturator was then removed to make the prolapsed
mucosa fall into the canal dilator. Subsequently, a
purse-string anoscope was inserted and used to place
a circumferential mucosal/submucosal purse-string
suture with 2-0 Prolene 3-4 cm above the dentate line
in a clockwise manner. A stapler was opened to its
maximum extent, and its anvil was advanced across
the purse string. The purse string suture was then
cinched closed and tied. The stapler was fired and held
closed for approximately 20 s to aid in hemostasis.
Finally, the stapler was opened and removed. The
anoscope was reinserted into the anal canal to evaluate
hemostasis. Any small bleeding areas could be
managed by oversewing. Perianal skin tags were finally
removed.
For ligation of prolapsed rectal mucosa and
hemorrhoids, sacral anesthesia was performed and the
patient was placed in the lithotomy or lateral decubitus
position. After the perineal area, rectum, and anal
canal were disinfected with 0.5% iodophor liquid, and
the anal canal was expanded to the extent that three
fingers could be placed in. After the anus fully relaxed,
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Postoperative pain was evaluated using the visual
analogue scale (VAS). The VAS is a 10-cm line with the
two ends marked “0” (no pain) and “10” (worst pain)
(Figure 1). The patient was asked to place a mark
that corresponds to his/her current pain intensity.
The mean scores of mild, moderate and severe pain
were 2.57 ± 1.04, 5.18 ± 1.41, and 8.41 ± 1.35,
respectively.

Statistical analysis

All statistical analyses were performed using SPSS
17.0 software (SPSS Inc., Chicago, IL, United States).
Numerical data including operative time, postoperative
hospital stay, and postoperative pain score are
expressed as mean ± SD and were compared using
the Student’s t test. Categorical data including the
incidences of postoperative urinary retention, perianal
edema, anal stenosis, sensory anal incontinence,
recurrent internal rectal prolapse and difficulty in
2
defecation were compared using the χ test. P < 0.05
was considered statistically significant.

RESULTS
Short-term efficacy and safety

After surgical treatments, the symptoms improved in
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Table 1 Outcome measures for short-term efficacy and safety
Outcome measure

PPH group (n = 54)

Control group (n = 54)

χ 2 or t value

P value

24.36 ± 5.16
2.1 ± 1.4
26 (48.15)
12 (11.11)

44.27 ± 6.57
3.6 ± 2.3
20 (37.04)
23 (42.60)

17.514
4.094
1.363
5.115

< 0.001
0.001
0.243
0.024

2.9 ± 0.9
2.0 ± 0.5
1.7 ± 0.5

8.3 ± 1.1
6.5±0.8
5.0 ± 0.7

27.923
35.055
28.205

< 0.001
< 0.001
< 0.001

Operative time, min
Postoperative hospital stay, d
Urinary retention, n (%)
Perianal edema, n (%)
Postoperative VAS score
At 24 h
At first defecation
At one week

VAS: Visual analogue scale; PPH: Procedure for prolapse and hemorrhoids.

DISCUSSION

Table 2 Outcome measures for long-term efficacy and safety

n (%)

Outcome
measure
Anal stenosis
Anal tenesmus
Sensory anal
incontinence
Recurrence
Difficulty in
defecation

2

χ value

P value

3 (5.56)
13 (24.07)
7 (12.96)

0.26
0.193
3.951

0.610
0.661
0.041

9 (16.67)
13 (24.07)

0.697
2.209

0.404
0.137

PPH group

Control group

(n = 54)

(n = 54)

1 (1.85)
15 (27.78)
2 (3.70)
6 (11.11)
7 (12.96)

Constipation is the most common chronic digestive
[2]
disease . It is characterized by decreased defecation
frequency, dry feces, and difficulty in defecation. Over
the past decades, the changes in dietary patterns and
the impact of mental and social factors have made
constipation a disease that seriously affects people’s
quality of life. Constipation can lead to digestive system
diseases such as colon cancer and hepatic encephalopathy,
as well as acute myocardial infarction, cerebrovascular
accident, and even death. Therefore, early prevention
and reasonable treatment will greatly reduce the potential
serious consequences of constipation.
This study shows that compared with the traditional
surgery, PPH is associated with less postoperative pain
and shorter operative and hospitalization times. There
are several possible explanations for this. First, PPH
[3-9]
is associated with less trauma and faster recovery .
Second, PPH is simple and can manage internal rectal
prolapse and hemorrhoids simultaneously in one
procedure. Finally, PPH is conducted 3-4 cm above the
dentate line, and the mucosa above the dentate line
is controlled by the plant nerve and is not sensitive
to pain. Thus, PPH results in milder postoperative
[10]
pain. Beattie et al
reported that approximately
51% of patients undergoing PPH were completely
free from postoperative pain. The advantages of PPH
have been verified by many clinical trials. In contrast,
the traditional surgery consists of two operative
procedures, is relatively complex, and has the dis
advantages of more trauma, longer operative time,
and slower wound recovery, which lead to prolonged
hospital stay. Moreover, the conventional surgery is
conducted in the area close to the dentate line and
tends to damage the pain-sensitive pudendal nerve,
thus resulting in more intense postoperative pain.
The advantages of PPH over the traditional surgery
lie not only in the short-term curative effects, but also
in the long-term curative effects. The incidences of
postoperative anal stenosis, sensory anal incontinence,
and recurrence were significantly lower in PPH-treated
patients, which is consistent with the results of other

PPH: Procedure for prolapse and hemorrhoids.

patients of both groups. The outcome measures for
short-term efficacy and safety are shown in Table 1.
The operative time and postoperative hospital stay
were significantly shorter in the PPH group than in
the control group (both P < 0.01). The incidence of
postoperative urinary retention was higher in the PPH
group than in the control group, but the difference was
not statistically significant. The incidence of perianal
edema was significantly lower in the PPH group than
in the control group (P < 0.05). The VAS scores at 24
h after surgery, first defecation, and one week after
surgery were significantly lower in the PPH group than
in the control group (all P < 0.01).

Long-term efficacy and safety

Table 2 shows the outcome measures for short-term
efficacy and safety (at one year after surgery). The
incidence of anal stenosis was lower in the PPH group
than in the control group, but the difference was not
significant. The incidences of sensory anal incontinence
and anal skin tags (5.56% vs 25.93%) were
significantly lower in the PPH group than in the control
group (both P < 0.05). The incidence of anal tenesmus
was higher in the PPH group than in the control group,
but the difference was not significant. The incidence
rates of recurrent internal rectal prolapse and difficulty
in defecation were lower in the PPH group than in the
control group, but the differences were not significant.
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[11,12]

[13]

studies
. Ganio et al
followed patients receiving
either PPH or traditional surgery for 87 mo and found
that there was no significant difference in postoperative
recurrence between the two groups. During PPH, the
mucosa is resected, the anal sphincter is not injured,
and the anal cushion and anal transitional zone
epithelium are retained. Thus, the intact anal canal
is preserved and has good postoperative defecation
reflex and fine feeling, and the anal function is not
affected. In the conventional surgery, too much
skin mucosa is removed and insufficient skin and
mucosal bridge is retained, and often results in scar
[8,14-22]
stricture
. Of note, if the anastomotic position is
too low in PPH, anal stricture often occurs near the
dentate line.
In conclusion, PPH is superior to the traditional
surgery in the management of outlet obstructive
constipation caused by internal rectal prolapse with
circumferential hemorrhoids in terms of both shortand long-term efficacies and safety. PPH is associated
with less trauma and postoperative pain, shorter
operative time, faster recovery, lower recurrence
[11,12,23-27]
rate, and fewer postoperative complications
,
representing a better choice for treatment of outlet
obstructive constipation caused by internal rectal
prolapse with circumferential hemorrhoids.
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Abstract
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and approved by the Ethical Review Committee of the University
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AIM: To investigate the impact of JetPrep cleansing on
adenoma detection rates.
METHODS: In this prospective, randomized, cross
over trial, patients were blindly randomized to an
intervention arm or a control arm. In accordance
with the risk profile for the development of colorectal
carcinoma, the study participants were divided into
high-risk and low-risk groups. Individuals with just one
criterion (age > 70 years, adenoma in medical history,
and first-degree relative with colorectal cancer) were
regarded as high-risk patients. Bowel preparation was

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: The authors declare no conflict
of interest.
Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
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performed in a standardized manner one day before
the procedure. Participants in the intervention arm
underwent an initial colonoscopy with standard bowel
cleansing using a 250-mL syringe followed by a second
colonoscopy that included irrigation by the use of
the JetPrep cleansing system. The reverse sequence
was used in the control arm. The study participants
were divided into a high-risk group and a low-risk
group according to their respective risk profiles for the
development of colorectal carcinoma.

Hoffman A, Murthy S, Pompetzki L, Rey JW, Goetz M, Tresch
A, Galle PR, Kiesslich R. Intraprocedural bowel cleansing with
the JetPrep cleansing system improves adenoma detection. World
J Gastroenterol 2015; 21(26): 8184-8194 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i26/8184.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i26.8184

RESULTS: A total of 64 patients (34 men and 30
women) were included in the study; 22 were included
in the high-risk group. After randomization, 30 patients
were assigned to the control group (group A) and
34 to the intervention group (group B). The average
Boston Bowel Preparation Scale score was 5.15 ± 2.04.
The withdrawal time needed for the first step was
significantly longer in group A using the JetPrep system
(9.41 ± 3.34 min) compared to group B (7.5 ± 1.92
min). A total of 163 polyps were discovered in 64 study
participants who underwent both investigation steps. In
group A, 49.4% of the polyps were detected during the
step of standard bowel cleansing while the miss rate
constituted 50.7%. Group B underwent cleansing with
the JetPrep system during the first examination step,
and as many as 73.9% of polyps were identified during
this step. Thus, the miss rate in group B was a mere
26.1% (P < 0.001). When considering only the right
side of the colon, the miss rate in group A during the
first examination was 60.6%, in contrast to a miss rate
of 26.4% in group B (P < 0.001).

Colonoscopy is considered the gold standard for colon
cancer screening and the removal of precancerous
lesions of the colon. However, colonoscopy appears to
be less effective at preventing disease (and therefore
preventing mortality) when used to examine rightsided colonic lesions vs those that develop on the left
[1-3]
side . Even in cases in which the bowel was properly
prepared by the patient prior to colonoscopy, stool
remnants and mucus residues can hinder visibility
during the procedure. This reduced visibility may
result in premalignant or malignant lesions being
overlooked during screening colonoscopy and might
therefore increase the risk of interval cancers, as it has
been shown that better visibility during the procedure
(as a result of optimal preparation of the colon)
increases the likelihood of discovering precancerous
[1-3]
lesions in the colon . This may further reduce the
incidence of colon cancer and the mortality associated
with it. However, despite that there are numerous
available options for bowel cleansing and laxative
regimens, suboptimal colonic preparation is observed
[4-8]
in approximately 20% of all patients . Suboptimal
bowel preparation leads to reduced cecal intubation
rates, longer examination times, and lower polyp
[4-8]
detection rates .
Furthermore, only a few endoscopic options exist
that can improve bowel cleansing during colonoscopy.
One such example is the irrigation of the bowel using
either a water-filled syringe or a peristaltic pump
placed through the working channel of the endoscope;
unfortunately, this method rarely results in adequate
improvements to visibility.
Many novel techniques have been proposed to
improve the visualization of the proximal aspects of
colonic folds and flexures, with the collective goal of
increasing the rate of adenoma detection. However,
the majority of these techniques still require further
evaluation before being translated into a clinical
[9,10]
setting
.
Targeted irrigation of the colon by the use of
cleansing systems may serve as one important
alternative that can enhance adenoma detection rates
and improve the overall quality of colonoscopy. The
JetPrep system (MedJet Ltd. Tel Aviv, Israel) is a newly
introduced irrigation system designed for intraprocedural
colon cleansing. The JetPrep operates in a similar
manner to a showerhead and can be introduced into

INTRODUCTION

CONCLUSION: JetPrep is recommended for use during
colonoscopy because a better prepared bowel enables
a better adenoma detection, particularly in the proximal
colon.
Key words: Colon preparation; Adenoma detection rate;
Adenoma miss rate; Interval cancer; Boston Bowel
Preparation Scale; Right sided colon; Flat adenoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Stool tends to hinder visibility during colono
scopy, and its presence therefore increases the risk that
lesions will be overlooked. The JetPrep system is an
irrigation system that was designed for intraprocedural
colon cleansing. The aim of this randomized, pro
spective study was to investigate the impact of JetPrep
cleansing on detection rates of adenomas. The JetPrep
system enabled better cleansing of the colon, which
increased the detection of polyps throughout the entire
colon and especially on its right side (P < 0.001). Based
on the results of this study, the JetPrep flushing device
may be broadly recommended for use during screening
colonoscopy to improve bowel preparation and to
increase polyp detection rates.
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Figure 1 JetPrep system.

the colon through the working channel of an endoscope.
Earlier studies have demonstrated significant benefits
associated with using JetPrep cleansing compared to
standard cleansing (e.g., fixing a 50-mL syringe on the
working channel).
Therefore, the aim of the current randomized,
prospective study was to investigate the impact of
JetPrep cleansing on the detection rates of adenomas
and serrated lesions, particularly on the right side of
[11-13]
the colon
.

colonoscopy. To ensure simultaneous suctioning of fluid
and stool while the JetPrep device is in the working
channel, the spray nozzle at the tip of the device can
be pushed out of the working channel by 1-2 cm with a
single movement of the hand. This prevents blockage
of the working channel. The spray nozzle itself is made
of silicone, which minimizes the risk of traumatic injury
to the colonic mucosa (Figure 1).
Sterile saline can be introduced into the bowel
through the spray nozzle of the device using a
commercially available pump. This allows the mucosa
to be irrigated with a broad spray of liquid rather than
a narrow stream and facilitates the cleaning of the
margins of the field of vision (Figure 1).
In preliminary feasibility studies, the JetPrep system
proved to be an effective and safe method for cleansing
the bowel, although the withdrawal time of the system
(11.4 min) reflects that the cleansing of a suboptimally

MATERIALS AND METHODS
The JetPrep device (MedJet Ltd. Tel Aviv, Israel) is
a CE-certified [39000162CN], sterile, disposable,
catheter-based product. It is introduced into the
colon through the working channel (3.8 mm) of an
endoscope to cleanse the mucosal surface during
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Table 1 Inclusion and Exclusion criteria
Inclusion criteria
All patients ≥ 50 yr of age who reported for a screening or surveillance colonoscopy and had a history of removed adenomas were included in the
study.
Exclusion criteria
Patients who were unable to sign the informed consent form
Patients who had undergone previous (partial) resection of the large bowel, except for appendectomy
Patients with known or pre-existing colorectal carcinoma
Patients with chronic inflammatory bowel disease
Patients with known FAP or HNPCC syndromes in the family
Patients with a Quick score < 50%, pTT > 50 s, or thrombocytes < 50000/μL who had received no specific measures for the improvement of their
coagulation (FFP, TK) before the examination
Patients suffering from a severe underlying disease (ASA > II°)
Patients who were determined to have a cleanliness score of 3 on the Boston Bowel Preparation Scale for the proximal portion of the colon during the
examination
Patients in whom a complete colonoscopy could not be performed in the first or second step of the investigation
Patients in whom the first step of the investigation took ≥ 45 min

[14,15]

prepared colon can be time-consuming

.

standard intraprocedural bowel cleansing (250 mL
syringe), which was immediately followed by a second
colonoscopy (in a standardized crossover fashion) that
included irrigation by the use of the JetPrep cleansing
system. The reverse sequence was used for the
patients in the intervention group (group B).

Methods

We performed standard high-definition colonoscopies
to investigate the efficacy of the JetPrep cleansing
system (intervention arm) for improving the detection
of adenomas and serrated lesions in the colon
compared to standard cleansing procedures that use a
250-mL syringe attached to the working channel of the
endoscope (control arm).
This study was approved by the Ethics Committee
of the Medical University of Mainz. Our subjects
included a cohort of 50-year-old patients who were
referred for either screening or surveillance colonoscopy
(after previous polypectomy) at the interdisciplinary
endoscopy department of the University Hospital.
All patients gave consent to participate in the study.
Table 1 lists the inclusion and exclusion criteria. Bowel
preparation was performed in a standardized manner
before the procedure via a Moviprep (polyethylene
glycol solution, Norgine, Netherland) regimen that
consisted of either the consumption of 1 liter of
Moviprep during the evening before the investigation
and another liter in the morning before the investi
gation or of 2 litres during the evening before the
investigation. In the latter case, each liter of Moviprep
had to be taken within the same 1 to 2 h span and the
drinking of an additional liter of any clear liquid was
required at this time.
The study participants were divided into a highrisk and a low-risk group in accordance with the risk
profile for the development of colorectal carcinoma.
Individuals with just one criterion (age > 70 years,
adenoma in medical history, first-degree relative with
colorectal cancer) were regarded as high-risk patients.
Patients were blindly randomized into either the
intervention arm or the control arm. The group that
the patient was classified into was announced only
after reaching the cecum.
The patients in the control group (group A)
underwent an initial colonoscopy that included
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Investigation

All procedures included in this study were conducted
by two separate investigators (Kiesslich R, Murthy
S) who were each experienced in performing colono
scopies using Pentax high-definition endoscopes
(Pentax EPKi, Pentax 90i, Pentax Europe).
The length of time that it took to conduct each
investigation was measured using a stopwatch and
recorded. In agreement with previously published
results, the minimal withdrawal time for the detection
of polyps per investigation step was set to 6 min; the
time was stopped during endoscopic interventions
[16]
such as polypectomy . During the endoscopic
investigation, the patients were sedated with either 1%
propofol (Disoprivan, AstraZenca Zug, Switzerland)
or midazolam (Dormicum, Roche Pharma AG Basel,
Switzerland).
Fluid stool residues were suctioned when inserting
the endoscope into the cecum, and the baseline value
for bowel preparation was determined using the
Boston Bowel Preparation Scale to better objectify the
degree of subsequent cleansing (Table 2).
Based on an examination of the right colon,
patients who were found to have a Boston Bowel
Preparation Scale (BBPS) of 3 were excluded from
intraprocedural bowel prep cleansing.
In both investigation groups, the removal of stool
deposits from the mucosa was performed only when
withdrawing from the cecum.
The cleansing time was included when calculating
the withdrawal time; the amount of time taken to
set up the JetPrep device was recorded separately
and did not influence the withdrawal time. All polyps
were removed during withdrawal with either a biopsy
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Table 2 Bowel preparation scale
0 = Unprepared colon segment. Due to solid stool that cannot be cleared, the mucosa cannot be observed
1 = Some portions of the mucosa of the colon segment can be observed, but other areas are covered by residual staining consisting of residual stool or
opaque fluid
2 = Minor amount of residual staining. No stool fragments or small quantities of opaque fluid, but the mucosal surface of the colon segment can be
observed well
3 = The entire mucosa of the colon segment can be observed well and has no residual staining
For the purposes of this scale the bowel is divided into 3 portions, including the ascending colon, the transverse colon, and the descending colon. Each
region is assigned a value from 0 to 3. The segment scores are summed to yield a total BBPS score ranging from 0 to 9. The minimum BBPS score was 0 and
indicated either the poorest quality of bowel preparation or an unprepared colon while a perfectly clean colon without any residual liquid was scored 9 (47).

Case numbers were calculated based on previously
published studies concerning tandem colonoscopy, which
reported miss rates of 27%-37% for adenomas on the
[12]
right side of the colon under standard conditions .
Assuming that irrigation with the JetPrep flushing
device would reveal not only small adenomas but also
adenomas coated with mucus and flat serrated ones,
we presumed an absolute risk reduction of ≥ 30%
in the present study, with an effective miss rate of
40% in the control group and 10% in the intervention
group. We determined that the detection of at least
64 lesions was necessary to achieve a statistically
significant absolute risk reduction when employing a
one-sided Fisher’s exact test for statistical analysis.
Because the majority of previous studies have
assumed an average of one neoplastic lesion per
patient, the value described above can be considered
equivalent to a sample size of 64 patients or 32
2
patients per study arm. The χ test was used to
compare the categorical variables of the secondary
endpoints amongst the various groups. Version 18.0 of
the SPSS program was used to evaluate the data.

Table 3 Secondary endpoint analysis
Miss rate for the entire colon
Polyp miss rates and detection rates for the entire colon and the right
side of the colon
Colon cleanliness after JetPrep and standard cleaning (based on the
Boston Bowel Preparation Scale)
Rate of adverse events resulting from the use of JetPrep

forceps (< 5 mm) or with an electric loop (> 5 mm),
except for small (< 5 mm) hyperplastic polyps of
the rectum and the sigmoid colon that presented
no evident malignant potential according to the pit
pattern classification. Every polyp was graded before
removal according to both pit pattern and the Paris
classification. The precise quantity of water required
for cleansing was recorded for both examination arms.
The Boston Bowel Preparation Scale (BBPS) was
determined after both the first and second cleansing
[17]
steps . The proximal portion of the colon was then
examined, and all patients who were considered to
have a cleanliness score of 3 on the Boston Bowel
Preparation Scale were excluded.
After the investigation, all patients were monitored
in a standardized manner and were discharged the
same day. The study participants were either called the
following day or were questioned at the ward about
the occurrence of adverse events.

RESULTS
A total of 73 patients were recruited for the study
between March and July of 2012. Six patients were
subsequently excluded from the study as a result of
having BBPS scores of 3 in the ascending colon. It was
not possible to perform a complete colonoscopy in one
of the study subjects due to the presence of adhesions.
Two additional patients had to be excluded after the
first step of the study due to the respective reasons
of an excessively long examination time in one and
the presence of stool residues in the bowel that could
not be suctioned through the working channel of the
endoscope (and thus interfered with the examination)
in the other.
A final count of 64 patients (34 men and 30
women) were included in the study, of whom 22
had at least one risk factor for developing colorectal
carcinoma (e.g., a first-degree relative with colorectal
cancer, a positive medical history for adenoma,
or an age > 70 years; Table 4). Thus, 42 patients
were assigned to the low-risk group. Following our
randomization process a total of 30 patients were

Statistical analysis

Patient data were recorded on a case report form,
and relevant details concerning medical history were
included.
During the procedure, the time points corre
sponding to the commencement and conclusion of
each examination step were recorded in addition to
the length of time that was spent during cleansing
and intervention. Every polyp that was discovered
during the investigation was registered in a table and
the respective histological findings were subsequently
recorded.
For both intervention arms, the primary endpoint of
the study was the percentage miss rate of adenomas
and serrated lesions on the right side of the colon
during the first examination step. The secondary
endpoints of the study are summarized in Table 3.
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Table 4 Patient characteristics

Table 6 Comparison of water consumption
n = 73

Group A

Group B

9/73 (12.3%)
64/73 (87.7%)
Group A (first standard), n = 30
Group B (first JetPrep), n = 34
63.53 ± 8.03
M: 34; F: 30
High: n = 22; Low: n = 42
4.84 ± 1.81

(first step: standard
cleansing)

(first step:
JetPrep)

308.70 ± 159.3
658.70 ± 272.47

900 ± 588.18
1141.81 ± 102.67

< 0.0012
< 0.0011

967.39 ± 341.99

1014.81 ± 660.54

0.5592

Original cohort of patients
Dropouts
Number of included patients
Group stratification
Age (yr)
Sex
Risk of developing CRC
BBPS (baseline values) per protocol
(n = 64)
BBPS (baseline values) of original
patient cohort1 (n = 71)

Water
consumption (mL)
First examination
Second
examination
Total water
consumption (mL)

5.15 ± 2.04

P value

1

Independent t-test; 2Mann-Whitney U-test.

1

A complete colonoscopy could not be performed in 2 patients. CRC:
Colorectal cancer; BBPS: Boston Bowel Preparation Scale.

The withdrawal time needed for the first step of the
procedure was significantly longer in group A (9.41
± 3.34 min), in which the JetPrep system was used,
compared to group B (7.5 ± 1.92 min). However,
the total withdrawal time did not differ significantly
between the two groups.
Large differences were found between the control
group and the intervention group with regard to
the quantity of water used during cleansing (Table
6). During both steps of the investigation a greater
quantity of water was used to cleanse the bowel when
the JetPrep system was employed. Because cleansing
was stopped after the first examination step when
it produced no further positive effect, the difference
between groups for the first step was significant (P <
0.001).
This finding was confirmed by the significantly
greater quantity of water that was required when
using the JetPrep system in the second examination
step. However, the overall quantity of water used
for both colonoscopies did not differ between groups
(Table 6).
Despite differences in water consumption rates
none of the 64 study patients experienced compli
cations and all of them could be discharged to go
home on the day that they underwent colonoscopy;
patients that were already hospitalized were instead
sent to the ward for further treatment. A total of 47
(73.4%) out of the 64 patients could be queried about
adverse events on the day of the examination; of
these, none reported a serious adverse event.

Table 5 Investigation-specific characteristics
Group A

Group B

P value

(first step: standard (first step: JetPrep)
cleansing)
Propofol (mg)
Investigator
Kiesslich R
Murthy S
Withdrawal time
(min)
First step
Second step
Total
Withdrawal time
with JetPrep (min)
Total duration
(min)
Intervention time
(s)
First step
Second step
BBPS basic value

0.1161
0.2232

366.33 ± 123.83

421.1 ± 151.05

n = 22
n=8

n = 20
n = 14

7.5 ± 1.92
8.22 ± 2.25
15.72 ± 4.00
8.22 ± 2.25

9.41 ± 3.34
7.60 ± 1.71
17.0 ± 4.70
9.41 ± 3.34

0.0093
0.2241
0.2153
0.1883

36.23 ± 20.31

42.0 ± 18.91

0.0733

218.77 ± 530.21
122.47 ± 188.31
4.9 ± 1.9

317.47 ± 638.62
162.94 ± 361.21
4.79 ± 1.79

0.2893
0.3763
0.8182

1

Independent t-test; 2χ 2 test; 3Mann-Whitney U-test. BBPS: Boston Bowel
Preparation Scale.

assigned to the control group (group A) and 34 to the
intervention group (group B).
To estimate the mean quality of bowel preparations,
the mean score of the Boston Bowel Preparation Scale
was calculated for all patients. The mean BBPS score
was found to be 5.15 ± 2.04 (Table 5; n = 71, 2
patients did not undergo a complete colonoscopy).
Thus, on a scale from 0-9 (0 = poorest bowel
preparation; 9 = best possible bowel preparation), the
mean score was found to be in the middle range. The
initial degree of cleansing was similar in both groups.
Notably, baseline values for the proximal portions of
the bowel were on average lower relative to the rest of
the colon and increased progressively as one moved
further distally into the colon.
Table 5 provides a direct comparison of additional
characteristics that were found during investigation.
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Primary endpoint analysis

A total of 163 discovered polyps were found amongst
the 64 study participants who underwent both
investigation steps, of these a total of 103 polyps
were found during the first investigation step. In
group A, 49.4% of the polyps were detected during
the standard bowel cleansing procedure and the miss
rate (i.e., polyps discovered during the second step
of the procedure) of this group was 50.7%. Group B
underwent cleansing with the JetPrep system during
the first step of the examination and up to 73.9% of
polyps were identified during this step. Thus, the miss
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60

Table 7 Overview of detection rates and miss rates

50
Polyps, total found
Miss rates for polyps, total
Polyps on the right side
Miss rate for polyps
Adenomas, SSA total
Miss rate for adenomas,
SSA total
Adenomas, SSA on the
right side
Miss rate for adenomas,
SSA on the right side
Adenomas total
Miss rate for adenomas,
total
Adenomas on the right
side
Miss rate for adenomas on
the right side
SSA
Miss rate for SSA

Group A

Group B

P value

First step: 35
Second step: 36
50.70%
First step: 13
Second step: 20
60.6%
First step: 17
Second step: 13
43.3%

First step: 68
Second step: 24
26.10%
First step: 39
Second step: 14
26.4%
First step: 42
Second step: 13
23.7%

< 0.001

First step: 7
Second step: 9
56.3%

First step: 27
Second step: 11
29.0%

0.043

First step: 13
Second step: 11
45.8%

First step: 32
Second step: 12
27.3%

0.101

First step: 3
Second step: 7
70.0%

First step: 17
Second step: 10
37.0%

0.064

First step: 4
Second step: 2
33.3%

First step: 10
Second step: 1
9.1%

0.243

23.7%

40
30
20

< 0.001

43.3%

10
0

0.035

Group A

Group B

Miss rate of adenomas and
st
SSA in 1 step

13

13

Adenoma and SSA detection
st
rate in 1 step

17

42

Figure 2 Miss rates for polyps, adenomas and sessile serrated adenomas.
SSA: Sessile serrated adenoma.
40
35

29.0%

30
25
20
15
10

SSA: Sessile serrated adenomas.

56.3%

5
0

rate in group B was only 26.1% (P < 0.001; Table 7).
When considering only the investigations that were
performed on the right side of the colon, the miss rate
in group A during the first examination was 60.6%
compared to 26.4% in group B (P < 0.001).
When including the presence of dysplastic lesions
such as LGD, HGD and serrated adenomas in the
statistical evaluation, the JetPrep system was proven
to be significantly more advantageous with respect to
both the entire colon and the proximal portions of the
colon (Figure 2).
The graphical presentation of miss rates in the first
investigation, shown in Figure 3, reveals higher miss
rates for lesions on the right side of the colon vs the
remainder of the colon with respect to both overall
lesion numbers and adenomas and sessile serrated
adenomas (SSAs). The results show that there was a
significant increase in the adenoma detection rates that
were measured for both group A (n = 7) and group B
(n = 27), concurrent with a significant decrease in the
miss rates that were calculated for each group (group
A: 56.3% vs group B: 29.0%). When comparing the
miss rates for polyps that were distributed throughout
the colon vs those that were found only on the right
side of the colon (Table 7), clear differences were
found within the control group (Group A), and virtually
no differences were found within the intervention
group (Group B). In group A, the miss rate for the
detection of all polyps was 50.7%; in group B, this rate
was 26.1%. When evaluating only the right side of the
colon, the miss rate was found to be 70.0% in group
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Group A

Group B

Miss rate of right-sided colon
st
adenomas and SSA in 1 step

9

11

Adenoma and SSA detection
rate on the right side of the
st
colon in 1 step

7

27

Figure 3 Miss rates for polyps, adenomas and sessile serrated adenomas
on the right side of the colon. SSA: Sessile serrated adenomas.

A and 37.0% in group B. Table 7 provides a clear
overview of the detection and miss rates between the
two groups.

DISCUSSION
Colonoscopy has become an integral part of disease
prevention, and its use is established in many
countries. In Germany, it is common that all insured
persons that are ≥ 50 years in age undergo a
screening colonoscopy for the early detection of
[18-21]
colorectal cancer (CRC)
. Furthermore, a collection
of respected editorials advocate colonoscopy as a
preferred screening strategy, despite the well-known
[22]
issues of overlooked adenomas and interval cancers .
The results of a cohort study that followed 88902
patients over a period of 22 years found screening
colonoscopy to be associated with a reduced incidence
of cancer in the distal colorectum; however, only a
modest reduction in the incidence of proximal colon
[23]
cancer was found . As of the time of this writing,
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Group A
Randomization
1:1

2 Colonoscopy

Standard cleaning

Jetprep cleaning

Lesions: 17

Lesions: 13
Miss rate: 13/30 = 43.3%

Jetprep cleaning

Standard cleaning

Lesions: 42

Lesions: 13
Miss rate: 13/55 = 23.6%

Pat. = 30

Group B

nd

1 Colonoscopy

Pat. = 34

Figure 4 Total number of found adenomas and sessile serrated adenomas.

screening colonoscopies that are used to identify
lesions on the left side of the colon are associated with
a significantly reduced risk of mortality (OR = 0.33),
however, this association does not hold true with
respect to the identification of lesions on the right side
of the colon (OR = 0.99).
Previously conducted studies have postulated
several reasons to explain why the efficacy of
screening colonoscopy is so widely different when
used on the left side of the colon vs the right side; it
has been unanimously agreed that no single factor
can explain this phenomenon with sufficient clarity.
The difficulty associated with the preparation of the
right side of the colon during bowel cleansing should
certainly be considered an important factor when
trying to understand why the detection of small flat
[7,23]
polyps in this region of the colon is still a challenge
.
In addition to oral laxatives, a variety of intraprocedural
cleaning measures can be used to achieve better
visibility in the proximal colon. Considering that rinsing
the colon with syringes through the working channel
of the endoscope is a time-consuming and ineffective
process, many other systems are currently being
[11-14]
tested to improve visibility during colonoscopy
.
The JetPrep cleansing device is a sterile, disposable
system that functions through a shower like spray
mechanism while simultaneously permitting stool
residues to be suctioned through the working channel
of an endoscope. Preliminary studies on the JetPrep
system have shown that it achieves significantly better
[14]
cleansing compared to alternative methods .
The prospective crossover study described here
demonstrated that significantly better cleansing of
the colon was achieved with the JetPrep system than
by the standard method using a syringe, especially in
poorly prepared portions of the proximal colon (P <
0.001).
In addition to better cleansing, the methodology
presented in this study led to higher detection rates
for polypoid lesions in the colon and a significant
enhancement of lesion detection rates with respect
to the right side of the colon (P < 0.001). However,
the more relevant feature of this method from the
viewpoint of the patient is the enhanced detection
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of adenomas and dysplastic polyps, as these factors
alone constitute a quality criterion that demonstrates
the efficacy of the new method and dictates both the
intervals of treatment and the prognosis of the patient.
Currently, based on the knowledge of the “adenomacarcinoma sequence”, in some cases the next control
investigation is recommended after a rather long
[21]
period of 10 years . However, recent data have
revealed a new serrated pathway that encompasses
both SSA and the conventional adenoma-carcinoma
[8,24-33]
pathway
.
This type of polyp is usually found on the right
side of the colon and because it is shallow, its growth
[34,35]
pattern is difficult to detect
; such polyps tend to
be easily overlooked and are therefore responsible for
increasing the rate of interval carcinomas associated
with screening colonoscopy in addition to having
a greater potential of transforming into colorectal
[36]
cancer .
In the present study, we found the JetPrep clean
sing device to be significantly superior in facilitating
the detection of adenomas and serrated adenomas
throughout the colon as compared to standard
cleansing with a 50-mL syringe (Fisher’s exact test, P
< 0.035) (Figure 4). It is also notable that significantly
more adenomas and SSAs were found on the right
side of the colon following the use of the JetPrep
device (P = 0.043) (Figure 5). A large case-control
study that was recently published by Baxter reported
a 22% average miss rate for the detection of adenoma
(range, 15%-32%) when using tandem colonoscopy
and further emphasized the benefit of screening
colonoscopy in reducing the rate of mortality caused
by interval cancers that arise on the right side of the
[37]
colon .
A similar outcome was achieved in a study per
formed by Rex; tandem colonoscopy in conjunction
with a standard cleansing procedure yielded a miss rate
of 25%. Lesions less than 5 mm in size were found to
be overlooked more frequently in the first examination
[38]
step whereas larger lesions were more rarely missed .
In contrast to the Rex study, in our present
investigation we switched between two cleansing
procedures. Significantly more colon adenomas and
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Group A
Randomization
1:1

2 Colonoscopy

Standard cleaning

Jetprep cleaning

Lesions: 7

Lesions: 9
Miss rate: 9/16 = 56.3%

Jetprep cleaning

Standard cleaning

Lesions: 27

Lesions: 11
Miss rate: 11/38 = 29.0%

Pat. = 30

Group B

nd

1 Colonoscopy

Pat. = 34

Figure 5 Number of right-sided adenomas and sessile serrated adenomas.

SSAs were overlooked in patients who underwent the
first procedure when a standard cleansing method was
employed (43.3% miss rate) (Figure 4). The rate of
missed right-sided colonic adenomas and SSAs was
even more pronounced (56.3%) (Figure 5).
In patients who underwent cleansing with the
JetPrep device during the initial colonoscopy, we
registered an overall miss rate of 23.7%, with a
29.0% miss rate for right-sided adenomas. Although
our results generally agree with other published
studies, detection rates tended to be higher and miss
rates correspondingly lower when using the JetPrep
[39]
flushing device . These results might be explained
by the superior cleansing that can be achieved with
the JetPrep device. Furthermore, the rate at which
we detected adenoma is comparable to that obtained
when using white light endoscopy in conjunction with
newer add-on devices (e.g., Third Eye Retroscope,
cap-assisted colonoscopy). However, one potential
bias of our approach that must be noted is the fact
that we divided our patient cohort into a high-risk and
a low-risk group and that the endoscopist performing
the procedure was not blinded as to which group each
patient fell within; this knowledge could influence
the degree to which the colon was inspected on
withdrawal.
The relevance of improved adenoma detection
rates (and corresponding reductions in miss rates)
from the perspective of the patient is reflected by
the high rate of interval carcinomas and by the use
of different recommendations for the frequency of
screening colonoscopy that is necessary for adenoma
detection. In 7 out of 30 patients in group A at least
one adenoma or SSA was discovered during the
second examination when using the JetPrep system
that was not detected during the first standard
examination. Thus, in the absence of a second
examination, the initial colonoscopy would have
been performed too late in 23.3% of patients. With
regard to the corresponding values for group B, fewer
patients (8.8%) would have been subjected to an
incorrect screening interval after the first examination
step with JetPrep (3 of 34 patients). With regard to
withdrawal times, a significantly longer withdrawal
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time was necessary when using the JetPrep system
during the first examination (9.41 ± 3.34 min vs 7.5
± 1.92 min, P < 0.009); the withdrawal period for
the second examination was nearly just as long (8.22
± 2.25 min vs 7.6 ± 1.71 min, P = 0.224). To rule
out systematic errors, we calculated the difference
in total investigation times for both groups as well as
any differences caused by the JetPrep steps and no
significant difference was found for either of these
parameters between the two groups.
Based on the collective findings detailed above,
we can conclude that patients with relevant residual
staining are subject to a much higher risk of missed
dysplastic lesions. However, it should be noted that the
colonoscopies performed in our study were conducted
by only two highly experienced endoscopists and that
every back-to-back examination was performed by the
same investigator, who was not blinded to the results
of the first screen.
Furthermore, even advanced cleansing procedures
are limited in their ability to enhance the detection of
polyps that are concealed behind folds.
In addition to new options becoming available for
bowel cleansing, there has also been an increase in
the development of new endoscopic techniques, all of
which are aimed at enhancing imaging techniques to
improve the detection of adenomas and/or combating
interval carcinoma.
These new techniques utilize items such as a retroviewing device (Third Eye Retroscope, Avantis Medical,
Sunnyvale, CA), a colonoscope equipped with an
integrated balloon at its distal tip (NaviAidTM G-EYE,
Smart Medical Systems, Israel), or a full spectrum
endoscope (FUSE, EndoChoice, Alpharetta, GA,
United States) that can provide the endoscopist with
a 330-degree field of vision. Each of these techniques
enables the inspection of the proximal surfaces of
haustral folds, which are not in the line of vision of
the endoscope’s forward-viewing optics. Thus far the
results obtained from using such devices have been
associated with enhanced adenoma detection rates
[40-43]
compared with standard colonoscopy
.
Nevertheless, the techniques discussed above
should not be considered as direct competitors that
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will rule out the use of the JetPrep system; rather, they
emphasize the fact that the problem of overlooked
adenomas is a persistent one. In fact, the JetPrep
system may be used to complement the new technical
procedures because of its universal ability to be applied
through the working channel of the endoscope. In fact
it would even be desirable to explore the combination
of JetPrep and these new technologies; such investi
gations would likely yield even more favorable results
than those achieved so far.
In summary, the JetPrep flushing device is safe to
use and is the first intraprocedural cleansing system
that significantly increases detection rates of rightsided neoplastic lesions (adenomas/SSA). Although
based on a relatively small single-center, prospective,
randomized clinical study, the JetPrep flushing
device may be recommended for use in screening
colonoscopies to improve the preparation of the bowel
and therefore increase the rate of polyp detection.
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Abstract

Clinical trial registration statement: This study is not registered.

AIM: To compare the safety and efficacy of carbon
dioxide (CO 2 ) and air insufflation during gastric
endoscopic submucosal dissection (ESD).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: This study involved 116 patients who
underwent gastric ESD between January and December
2009. After eliminating 29 patients who fit the exclusion
criteria, 87 patients, without known pulmonary
dysfunction, were randomized into the CO2 insufflation
(n = 36) or air insufflation (n = 51) groups. Standard
ESD was performed with a CO2 regulation unit (constant
rate of 1.4 L/min) used for patients undergoing CO2
insufflation. Patients received diazepam for conscious
sedation and pentazocine for analgesia. Transcutaneous
CO 2 tension (PtcCO2) was recorded 15 min before,
during, and after ESD with insufflation. PtcCO 2, the
correlation between PtcCO2 and procedure time, and
ESD-related complications were compared between the
two groups. Arterial blood gases were analyzed after
ESD in the first 30 patients (12 with CO2 and 18 with air
insufflation) to assess the correlation between arterial
blood CO2 partial pressure (PaCO2) and PtcCO2.
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RESULTS: There were no differences in respiratory
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functions, median sedative doses, or median procedure
times between the groups. Similarly, there was no
significant difference in post-ESD blood gas parameters,
including PaCO 2, between the CO 2 and air groups
(44.6 mmHg vs 45 mmHg). Both groups demonstrated
median pH values of 7.36, and none of the patients
exhibited acidemia. No significant differences were
observed between the CO2 and air groups with respect
to baseline PtcCO 2 (39 mmHg vs 40 mmHg), peak
PtcCO2 during ESD (52 mmHg vs 51 mmHg), or median
PtcCO 2 after ESD (50 mmHg vs 50 mmHg). There
was a strong correlation between PaCO2 and PtcCO2
(r = 0.66; P < 0.001). The incidence of Mallory-Weiss
tears was significantly lower with CO2 insufflation than
with air insufflation (0% vs 15.6%, P = 0.013). CO2
insufflation did not cause any adverse events, such as
CO2 narcosis or gas embolisms.

retention of a large amount of residual gas after ESD.
Residual gas in the gastrointestinal tract can induce
post-ESD pain or discomfort, and in rare cases can
give rise to life-threatening complications such as air
[9-17]
embolism and tension pneumothorax
.
It is well known that carbon dioxide (CO2) is
absorbed faster in the body than air and is also
rapidly excreted through the lungs, except in cases of
pulmonary dysfunction. Therefore, CO2 insufflation is
expected to reduce the pain and abdominal discom
fort associated with endoscopic examination and
[18-25]
therapy
.
Perforation and major bleeding are severe comp
lications of ESD. The reported incidence of perforation
[1-5]
in ESD ranges from 1% to 6.1%
, and subse
quent peritonitis or mediastinitis could be fatal. CO2
insufflation reportedly minimizes these ESD-related
[26]
complications . The safety and efficacy of CO2
insufflation during ESD for lesions of the esophagus,
stomach, and colorectum have been demonstrated in
[27,28]
randomized controlled trials (RCTs)
and prospective
[29-31]
studies
. However, these RCTs measured only
transcutaneous CO2 tension (PtcCO2) or end-tidal CO2
pressure, not partial pressure of CO2 in the arterial
blood (PaCO2).
The aim of the present prospective RCT was to
assess the safety and efficacy of CO2 insufflation during
ESD for gastric neoplasms in patients under conscious
sedation. Both PtcCO2 and PaCO2 were measured in
order to directly evaluate CO2 retention or acidemia.
Furthermore, a continuous PtcCO2 measuring system
to monitor patient safety during CO2 insufflation was
validated.

CONCLUSION: CO2 insufflation during gastric ESD
results in similar blood gas levels as air insufflation, and
also reduces the incidence of Mallory-Weiss tears.
Key words: Carbon dioxide; Gastric endoscopic submucosal
dissection; Insufflation; Mallory-Weiss tear; Randomized
controlled trial
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The safety and efficacy of carbon dioxide
(CO2) and air insufflation during gastric endoscopic
submucosal dissection (ESD) were compared in a
randomized controlled trial. The transcutaneous CO2
tension and the partial pressure of CO2 in the arterial
blood were measured to directly evaluate CO2 retention
or acidemia. The findings strongly suggest that CO2
insufflation is as safe as air insufflation with regard
to blood gas levels. The present study is the first
randomized controlled trial to demonstrate the benefit
of CO2 insufflation in reducing the risk of Mallory-Weiss
tears during ESD.

MATERIALS AND METHODS
Study design and participants

This study was designed as a single-center RCT.
Between January 2009 and December 2009, all
consecutive patients undergoing ESD for gastric
neoplasms at Gifu University Hospital in Japan were
screened for this study. Gastric ESD was indicated for
differentiated adenocarcinoma that was confined to
the mucosa with no risk of lymph node metastasis,
and for adenoma, regardless of its size or the presence
of ulceration.
Patients were excluded if: (1) they had chronic
pulmonary dysfunction defined as a forced expiratory
volume in 1.0 second/forced vital capacity (FEV1.0%) of
< 70% or a vital capacity (%VC) of < 80%; (2) they
were unable to understand the consent information
required for participation; or (3) they declined parti
cipation. The study design was approved by the ethics
committee for clinical research at Gifu University
Hospital. All eligible individuals provided written informed
consent prior to study enrollment. Randomization was
conducted using sealed envelopes and patients were
divided into two groups: the CO2 insufflation group (CO2
group) and the air insufflation group (Air group).

Takada J, Araki H, Onogi F, Nakanishi T, Kubota M, Ibuka T,
Shimizu M, Moriwaki H. Safety and efficacy of carbon dioxide
insufflation during gastric endoscopic submucosal dissection.
World J Gastroenterol 2015; 21(26): 8195-8202 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i26/8195.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i26.8195

INTRODUCTION
Endoscopic submucosal dissection (ESD) for gastric
neoplasms enables en bloc resection of even an
[1-8]
extensive superficial lesion . However, gastric ESD is
technically difficult and time consuming, and therefore,
extensive gas insufflation is required to maintain
adequate visualization during the procedure. Although
air is commonly used for insufflation, it results in the

WJG|www.wjgnet.com
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Examination schedule for study events before and after
ESD

Assessed for eligibility (n = 116)

ESD was conducted during the first afternoon after
hospital admission. On the second day in the hospital,
blood tests, esophagogastroduodenoscopy, and CT
of the chest and abdomen were performed. Blood
tests for leukocyte count and C-reactive protein levels
were repeated on the third hospital day. Axillary
temperature was assessed 1 h after ESD and daily
thereafter, at 06:00, 14:00, and 20:00 h.

Excluded (n = 29)
Exclusion criteria (n = 29)

Randomized (n = 87)

ESD procedure and conscious sedation method

The standard ESD procedure was performed using
a gastroscope with a single working channel and
water jet function (GIF-Q260J; Olympus Optical Co.,
Tokyo, Japan) and a cap attachment (D-201-11804;
Olympus). The gastric lesion was resected using
either the DualKnife (KD-630L; Olympus) or the
ITKnife2 (KD-611L; Olympus), depending on its
location. A 0.4% high-molecular-weight hyaluronic
acid solution containing epinephrine was injected into
the submucosal layer to raise the lesion. Incision of the
mucosal layer around the circumferential markings and
subsequent direct dissection of the submucosal layer
were performed with the DualKnife and ITKnife2.
Patients received diazepam for conscious sedation
and pentazocine for analgesia. At the start of the ESD
procedure, 5-10 mg of diazepam and 7.5-15.0 mg of
pentazocine were injected intravenously for induction
of anesthesia and analgesia, with an additional 5 mg
of diazepam or 7.5 mg of pentazocine administered
repeatedly as necessary. When the combination of
diazepam and pentazocine did not achieve conscious
sedation, intravenous midazolam was administered.
Oxygen was administered nasally at 2.0 L/min during
ESD, and the flow volume was adjusted by monitoring
transcutaneous oxygen saturation (SpO2). Arterial
blood samples were immediately analyzed using a
blood gas analyzer (ABL700; Radiometer Medical,
Copenhagen, Denmark) after the ESD procedure, for
the first 30 consecutive patients.

Received air
insufflation (n = 51)

Arterial blood sample
taken (n = 12)

Arterial blood sample
taken (n = 18)

Figure 1 Flow chart of patient enrollment in the study and allocation into
groups.

A diagnosis of perforation was made by direct
endoscopic observation of visceral organs during
ESD or by the presence of free air on follow-up plain
chest radiography. Evidence of aspiration pneumonia
was determined by the appearance of an obvious
pneumonia shadow on a plain chest CT one day after
ESD. Bleeding was defined as clinical evidence of
bleeding after ESD, such as hematemesis or melena
that required endoscopic treatment. A MalloryWeiss tear (MWT) was defined as a mucosal tear or
laceration adjacent to the esophagogastric junction
with active bleeding, either spurting or oozing, during
ESD.

Statistical analysis

Values are expressed as the number and percentage of
patients or median (range). Differences in distribution
of categorical variables between the two groups
2
were analyzed by χ or by Fisher’s exact tests when
required. The nonparametric Mann-Whitney U test was
used for comparing continuous variables. A P < 0.05
was considered significant. All statistical analyses were
conducted with JMP version 10 (SAS Institute, Cary,
NC, United States).

CO2 insufflation and transcutaneous gas analysis

CO2 was delivered using a CO2 regulation unit (Olympus
UCR; Olympus). The TOSCA measurement system
and TOSCA 500 monitor (Linde Medical Sensors,
Basel, Switzerland) were used to measure the PtcCO2
noninvasively and continuously with an earlobe sensor
attached by a low-pressure clip. We used a default
temperature setting of 42  ℃ for the sensor and
recalibrated the system before each ESD. The lowflow gas tube (MAJ-1742; Olympus) of the Olympus
UCR was set at a constant rate of 1.4 L/min for CO2
insufflation in all patients.

RESULTS
Patient enrollment and group allocation

Of the 116 candidate patients for gastric ESD, 87
were enrolled in the trial and randomized. Among
them, 36 received CO2 insufflation and 51 received
air insufflation. Twenty-nine patients were excluded
due to impaired respiratory function (n = 24), severe
chronic obstructive pulmonary disease requiring
oxygen (n = 3), and inability to understand the
consent information required for participation (n = 2).

Definitions of outcome parameters and complications

Operation time was measured from the start of
circumferential marking to the completion of resection.
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Table 1 Patients and examination characteristics
Characteristic
Age, yr
Sex, male/female
FEV1.0%
%VC
Location of lesion, n: upper/middle/lower
En bloc resection, n (%)
Histopathologic type, n: tub1/tub2/por/sig/adenoma
Histologic depth, n: M/SM1/SM2
Histopathologically curative resection, n (%)
Tumor size, mm
Resection size, mm
Procedure time, min
Dose of diazepam, mg
Dose of pentazocine, mg
Patients receiving midazolam, n (%)
Dose of midazolam, mg

CO2 group (n = 36)

Air group (n = 51)

P value

74 (52-87)
22/14
72 (70-89)
103 (80-102)
5/22/9
36 (100)
18/3/0/0/15
32/2/2
31 (86.1)
18 (4-75)
35 (22-110)
46 (18-194)
20 (5-30)
18.8 (7.5-45)
3 (8.3)
10.0 (2.5-20)

70 (45-93)
36/15
73 (70-93)
109 (80-152)
12/15/24
51 (100)
36/6/2/1/6
42/1/8
43 (84.3)
17 (3-47)
37 (23-95)
48 (15-145)
20 (5-30)
22.5 (7.5-45)
5 (9.8)
7.5 (2.5-10)

NS
NS
NS
NS
0.012
NS
0.020
NS
NS
NS
NS
NS
NS
NS
NS
NS

Data are presented as n, n (%), or median (range). FEV1.0%: Forced expiratory volume 1.0 second/forced vital capacity; %VC: Vital capacity; tub1: Welldifferentiated tubular adenocarcinoma; tub2: Moderately differentiated tubular adenocarcinoma; por: Poorly differentiated adenocarcinoma; sig: Signet ring
cell carcinoma; M: Tumor confined to the mucosa; SM1: Tumor confined to the submucosa and tumor invasion within 0.5 mm of the muscularis mucosae;
SM2: Tumor confined to the submucosa and tumor invasion of 0.5 mm or more into the muscularis mucosae; NS: not significant.

Table 2 Patient characteristics and parameters of arterial blood analysis
Characteristic
Age, yr
Procedure time, min
Dose of diazepam, mg
Dose of pentazocine, mg
Patients receiving midazolam, n (%)
Dose of midazolam, mg
pH value
PaCO2, mmHg
PaO2, mmHg
HCO3-, mEq/L
Base excess, mEq/L

CO2 group (n = 12)
73 (63-82)
66 (26-156)
17.5 (10.0-22.5)
15.0 (15.0-30.0)
1 (8.3)
2.5
7.36 (7.34-7.39)
44.6 (39-53)
168 (68-203)
25.1 (23.0-30.0)
-0.05 (-2-4)

Air group (n = 18)
70 (45-87)
56 (23-107)
20.0 (5.0-30.0)
22.5 (15.0-37.5)
1 (5.6)
5
7.36 (7.33-7.40)
45 (40-50)
143 (78-259)
25.5 (22.0-27.0)
0.3 (-3.1-2.6)

P value
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Data are presented as median (range) unless otherwise indicated. PaO2: Partial pressure of oxygen in arterial blood; PaCO2: Partial pressure of carbon
dioxide in arterial blood; NS: Not significant.

median dose of sedative drugs (Table 2). There was
no significant difference between the CO2 group and
the Air group in any blood gas parameters, including
PaCO2 (44.6 mmHg vs 45 mmHg). The median pH
values were 7.36 in both groups, and there were no
patients with acidemia. As shown in Figure 2, PtcCO2
was significantly correlated with PaCO2 (r = 0.66; P
< 0.001). The median difference between PaCO2 and
PtcCO2 was 4.8 mmHg.

The first 30 participants (12 from the CO2 group and
18 from the Air group) underwent arterial blood gas
analysis (Figure 1).

Baseline characteristics

Baseline characteristics for each treatment group
are shown in Table 1. The location (P = 0.012) and
histopathology (P = 0.020) of the gastric lesions were
significantly different between the groups. The median
procedure time was 46 min in the CO2 group and 48
min in the Air group (not significant). There were
no differences in respiratory function (FEV1.0% and
%VC) between the groups. No significant differences
were observed in the median dose of sedative drugs
administered to the patients in each group.

PtcCO2 and SpO2 before and after ESD

The median PtcCO2 before (baseline) and after ESD
was 39 mmHg (28-52 mmHg) and 50 mmHg (41-68
mmHg), respectively, in the CO2 group, and 40
mmHg (22-51 mmHg) and 50 mmHg (40-64 mmHg),
respectively, in the Air group. The PtcCO2 increased
significantly (P < 0.001) after the procedure in both
groups, though there was no significant difference
between the groups. The median peak PtcCO2 during
the procedure was 52 mmHg (43-68 mmHg) in the

Arterial blood gas analysis

No significant differences were observed between the
two groups that received blood gas analysis after ESD
with respect to the median procedure time and the
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60
55

PaCO2 (mmHg)

PtcCO2. Therefore, the PtcCO2 value can be used as
a surrogate marker of CO2 retention in patients who
received CO2 insufflation during ESD.
In this study, the maximum PtcCO2 and PaCO2
reached 68 mmHg and 53 mmHg in the CO2 group,
and 64 mmHg and 50 mmHg in the Air group,
respectively. However, no adverse events such as
acidemia, CO2 narcosis, or SpO2 depression were
reported in either group. The elevated PtcCO2 in
both groups after the procedures is likely due to
respiratory depression associated with conscious
sedation. Several studies have demonstrated that such
respiratory depression is involved in the elevation of
PaCO2 or PtcCO2 in patients undergoing endoscopic
[27,29-31]
treatment
. There was no correlation between
procedure time and PtcCO2 elevation in the present
study. These results indicate that CO2 insufflation is as
safe as air insufflation for gastric ESD when the CO2
insufflation rate is 1.4 L/min and the median procedure
time is 48 min.
With regard to complications, the incidence of
MWTs was significantly lower in the CO2 group than in
the Air group. This may be due to the rapid absorption
of CO2 by the body compared to air. Indeed, CO2
insufflation in esophagogastroduodenoscopy efficiently
reduces MWTs by lowering the tension of the gastric
[32]
mucosa caused by residual gas in the stomach . To
our knowledge, the present study is the first RCT to
demonstrate the benefit of CO2 insufflation in reducing
the risk of MWTs during ESD.
Because respiratory depression due to conscious
sedation may lead to CO2 retention, arterial CO2
monitoring during lengthy endoscopic procedures is
important, even if the patient’s respiratory function is
normal. However, arterial blood sampling is invasive
and it is not practical to measure PaCO2 serially in
all ESD patients. Instead, PtcCO2, which correlates
well with PaCO2, can be measured noninvasively and
continuously. PtcCO2 is usually greater than PaCO2
[33,34]
by 5-6 mmHg
. Indeed, in the present study, the
median difference between these values was 4.8
mmHg. Because of the strong correlation between
PtcCO2 and PaCO2, a PtcCO2 monitoring system is
considered a reliable and efficient alternative to PaCO2
measuring. Thus, arterial blood analysis was not
continued after the first 30 patients.
This study has some limitations. First, 27 patients
(23.3%) who had chronic pulmonary dysfunction
were excluded, as the safety of CO2 insufflation
during gastric ESD has not been established for
these patients. We recently reported the safety of
CO2 insufflation during gastric ESD in patients with
pulmonary dysfunction (FEV1.0% < 70% or %VC
[35]
< 80%) under conscious sedation . However, in
patients with severe obstructive pulmonary disease,
a longer procedure time may increase the risk of CO2
retention because there is a significant correlation
between PtcCO2 elevation and ESD procedure time in

y = 22 + 0.45x

r = 0.66
P < 0.001

50
45
40
35
30

30

35

40
45
50
PtcCO2 (mmHg)

55

60

Figure 2 Correlation between partial pressure of carbon dioxide in arterial
blood (PaCO2) and transcutaneous carbon dioxide tension (PtcCO2) after
endoscopic submucosal dissection.

CO2 group and 51 mmHg (40-64 mmHg) in the
Air group (not significant, Table 3). There was no
correlation between the procedure time and PtcCO2
elevation in either the CO2 group or the Air group
(Figure 3). The median minimum SpO2 level and
oxygen flow rate were similar between the groups
(98% and 2.0 L/min, respectively).

Incidence of complications and duration of hospital stay

ESD-related complications and the duration of the
hospital stay are listed in Table 4. CO2 insufflation did
not cause any adverse events such as CO2 narcosis or
gas embolism. No significant difference was observed
between the two groups with respect to the incidence
of fever (body temperature > 37.5  ℃), pneumonia,
perforation, or post-ESD hemorrhage. The incidence
of MWTs was significantly lower in the CO2 group than
in the Air group (P = 0.013). Serum C-reactive protein
levels and white blood cell counts on days 1 and 3
after ESD were not significantly different between the
groups, and the median hospital stay was equivalent
at 7 d for each group.

DISCUSSION
The safety and efficacy of insufflation using CO2
as an alternative to air has been demonstrated
in several RCTs for various kinds of endoscopic
[18-20,22-24,27,28]
[28]
procedures
. In gastric ESD, Maeda et al
reported that CO2 insufflation significantly reduced
the volume of residual gas in the digestive tract
compared with air insufflation. In the present study,
under similar ESD conditions with regard to procedure
time, respiratory function, sedative drug doses, and
minimum SpO2, neither the post-procedure PaCO2 nor
the median PtcCO2 differed between the CO2 group
and the Air group. The peak PtcCO2 during ESD also
did not differ between the two groups. Furthermore,
we confirmed a strong correlation between PaCO2 and
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Table 3 Transcutaneous carbon dioxide tension values, transcutaneous oxygen saturation values, and oxygen flow rate
CO2 group (n = 36)

Variable

Air group (n = 51)

39 (28-52)1
50 (41-68)1
52 (43-68)
3 (8.3)
98 (90-100)
2 (1-5)

Baseline PtcCO2, mmHg
PtcCO2 after ESD, mmHg
Peak PtcCO2, mmHg
PtcCO2 > 60 mmHg during ESD
Minimum SpO2, %
Oxygen flow rate, L/min

P value

40 (22-51)1
50 (40-64)1
51 (40-64)
2 (3.9)
98 (89-100)
2 (2-4)

NS
NS
NS
NS
NS
NS

1

The PtcCO2 increased significantly (P < 0.001) after the procedure. Data are presented as n (%) or median (range). ESD: Endoscopic submucosal dissection;
PtcCO2: Transcutaneous carbon dioxide tension; SpO2: Transcutaneous oxygen saturation.

A

B

Carbon dioxide insufflation

25

20
PtcCO2 elevation (mmHg)

PtcCO2 elevation (mmHg)

20
15
10

r = 0.20
P = 0.23
n = 36

5
0

Air insufflation

25

0

30

60

90

-5

120

t /min

150

180

15

10

r = 0.14
P = 0.34
n = 51
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210
0

0
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Figure 3 Elevation of transcutaneous carbon dioxide tension (PtcCO2) in the carbon dioxide and air insufflation groups. There was no significant correlation
between the procedure time and PtcCO2 elevation in either group.

Table 4 Complications from endoscopic submucosal dissection, blood parameters, and duration of hospital stay
Variable

CO2 group (n = 36)

Air group (n = 51)

P value

9 (25.0)
3 (8.3)
1 (2.7)
0
0
0.30 (0.09-6.19)
2.00 (0.18-7.83)
9020 (3730-15680)
6310 (2560-11200)
7 (7-16)

9 (17.6)
5 (9.8)
1 (1.9)
4 (7.8)
8 (9.8)
0.40 (0.04-3.62)
2.00 (0.08-14.20)
8090 (4510-13450)
6260 (3100-10660)
7 (7-20)

NS
NS
NS
NS
0.013
NS
NS
NS
NS
NS

Fever (body temperature > 37.5  ℃)
Pneumonia
Perforation
Post-procedure hemorrhage
Mallory-Weiss tears
CRP on day 1 after ESD, mg/dL
CRP on day 3 after ESD, mg/dL
WBC on day 1 after ESD, n/µL
WBC on day 3 after ESD, n/µL
Hospital stay, d

Data are presented as n (%) or median (range). ESD: Endoscopic submucosal dissection; CRP: C-reactive protein; WBC: White blood cell.

[35]

patients with pulmonary dysfunction . Therefore,
PtcCO2 should be carefully monitored in these patients
to avoid severe complications such as CO2 narcosis
and acidemia. Second, the number of patients who
underwent arterial blood gas analysis in the present
study may be too small. The present study was also a
single-center trial. Therefore, further larger prospective
multicenter studies are required to confirm the safety
and efficacy of CO2 insufflation for gastric ESD by
evaluating both PtcCO2 and PaCO2 values.
In conclusion, this study strongly suggests that
CO2 insufflation is safe and effective during gastric
ESD under conscious sedation in patients without

WJG|www.wjgnet.com

pulmonary dysfunction. Furthermore, CO2 insufflation
reduces the incidence of MWTs compared to air
insufflation. However, conscious sedation might
increase the risk of CO2 retention and the PtcCO2
should be monitored carefully in these cases.
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Abstract
Fulminant hepatic failure (FHF) is a critical illness that
can be comorbid to primary liver damage. FHF shows
a high mortality rate, and patients with FHF require
intensive therapy, including plasma apheresis. However,
intensive care at the present is not enough to restore
the severe liver damage or promote hepatocellular
reproduction, and a standard therapy for the treatment
of FHF has not been established. An 86-year-old
female with FHF was admitted to our hospital. Her
manifestation demonstrated a clinical situation of
systemic inflammatory response syndrome (SIRS) and
disseminated intravascular coagulation. A diagnosis of
fulminant hepatitis was made according to the definition
given in the position paper of the American Association
for the Study of Liver Diseases. Her serum hepatocyte
growth factor (HGF) level had increased to 11.84 ng/mL.
The HGF level indicated massive liver damage as seen
in FHF. Recombinant thrombomodulin (rTM) was
administered daily from the admission day for 1 wk at
380 U/kg. The patient’s white blood cells and C-reactive
protein responded to the rTM treatment within a few
days. The HGF level and PT recovered to the normal
range. The levels of proinflammatory cytokines (tumor
necrosis factor-α and interleukin-1β) were suppressed
by the administration of rTM. The patient’s hepatic
function (e.g. , PT and albumin) completely recovered
without plasma exchange. rTM may modulate the
over-response of SIRS with the improvement of
proinflammatory cytokines. The underlying mechanism
is thought to be the inhibitory effect of rTM on highmobility group box 1 (HMBG1). The pathogenesis of
HMBG1 protein in fulminant hepatic failure has been
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already known. A novel favorable effect of rTM for SIRS
would be promising for FHF, and the wide application of
rTM for SIRS should be considered.

also significantly decreases the survival rate of FHF
[2,4]
patients .
Thrombomodulin (TM) is a physiological anti
coagulation factor that acts as a direct inactivator of
thrombin and a suppressor of coagulation factors Va
[5]
and Ⅷa via activated protein C (APC) . Recombinant
thrombomodulin (rTM) was developed as a therapeutic
agent for disseminated intravascular coagulation (DIC)
syndrome, and it is widely used in a variety of clinical
[6]
situations . A loss or lack of TM disrupts the protein
[7]
C anticoagulant pathway and causes thrombosis .
Some clinical situations associated with SIRS
(including severe infection, sepsis, trauma, and organ
inflammation) may cause a decrease of TM, which
[8]
is a substantial pathogenesis of DIC syndrome .
Additionally, a novel anti-inflammatory effect of TM
[5]
and the APC pathway has been gradually unveiled ,
and aggregated knowledge has established the dual
mechanisms of TM in DIC and SIRS by the modulation
of aberrant coagulopathy and the attenuation of
inflammatory milieu. However, the anti-inflammatory
effect of rTM in FHF has not been elucidated, and the
greater involvement of rTM in SIRS, a non-specific
inflammatory disease, is not yet understood.

Key words: Fulminant hepatic failure; Disseminated
intravascular coagulation; Thrombomodulin; Hepatocyte
growth factor; Systemic inflammatory response syndrome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fulminant hepatic failure (FHF) is a critical
illness that can be comorbid to primary liver damage.
However, no standard therapy for the treatment of FHF
has been established. We experienced a fatal FHF case
with systemic inflammatory response syndrome followed
by disseminated intravascular coagulopathy (DIC).
We administered recombinant thrombomodulin (rTM)
for the treatment of DIC, which ameliorated all lethal
conditions (coagulopathy and inflammation). Monitoring
of proinflammatory cytokines, hepatocyte growth factor,
and prothrombin time revealed the response of FHF
to rTM. We hypothesized an anti-inflammatory effect
of rTM-enhanced hepatocyte regeneration through
inactivation of high-mobility group box 1.

CASE REPORT

Kurokohchi K, Imataki O, Kubo F. Anti-inflammatory effect
of recombinant thrombomodulin for fulminant hepatic failure.
World J Gastroenterol 2015; 21(26): 8203-8207 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i26/8203.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i26.8203

An 86-year-old female visited an outpatient clinic
of our hospital due to increased fever, diarrhea,
and decreased blood pressure. Her laboratory data
indicated intensely impaired liver function, bilirubine
mia, and renal dysfunction: aspartate transaminase
8929 U/L, alanine transaminase 5449 U/L, lactate
dehydrogenase (LDH) 7248 U/L, total bilirubin (Tbil)
3.1 mg/dL, blood urea nitrogen (BUN) 34.8 mg/dL, Cr
1.9 mg/dL, and PT 42%. She was diagnosed as having
concomitant DIC based on the coagulation test: PT
63.5%, PT-INR 1.23, APTT 26.0 s, fibrinogen 273 mg/
dL, FDP > 80 μg/dL, and D-dimer > 5.00 μg/mL. She
did not have a history of viral hepatitis or autoimmune
liver disease, such as primary biliary cirrhosis (PBC) or
autoimmune hepatitis (AIH). Radiological findings on
admission and on previous examinations revealed no
fatty liver or splenomegaly. A diagnosis of fulminant
hepatitis was made according to the definition given
in the position paper of the American Association for
[2]
the Study of Liver Diseases (AASLD) . The cause of
the acute hepatic failure was not specified, but we
suspected that it was associated with her treatment
with a non-steroidal anti-inflammatory drug (NSAID),
diclofenac suppository 25 mg/d, that was administered
[3]
for lumbago starting 2 mo prior .
On the day of the patient’s admission to our
hospital, corticosteroid pulse therapy was initiated (500
mg/d, × 3 d). At the same time, we started treatment
with biological agents derived from human blood
in order to conserve the patient’s liver function. We
transfused fresh frozen plasma (FFP) 2 units/d every

INTRODUCTION
Fulminant hepatic failure (FHF) is a critical illness
[1]
that can be comorbid to primary liver damage . FHF
shows a high mortality rate, and patients with FHF
[2]
require intensive therapy . However, intensive care
at the present is not enough to restore the severe
liver damage or promote hepatocellular reproduction,
and a standard therapy for the treatment of FHF has
[1]
not been established . FHF is produced from any
background of liver injury, such as those due to drugs,
autoimmune disorders, and acute or chronic viral
[3]
infections . Severe FHF is fatal, and the survival rate
of FHF patients in the Japanese population has been
[4]
estimated as 11.5%-24.4% . Almost all patients
with FHF are at risk of multi-organ failure. The only
effective therapy for FHF is liver transplantation, but
[2]
the indications for this are limited . To rescue FHF
patients, non-transplantation therapy, corticosteroids,
and plasma apheresis can be applied, but clinical
evidence of the efficacy of these non-transplantation
therapies is scarce. Several risk factors for fulminant
hepatitis are known. FHF patients with systemic
inflammatory response syndrome (SIRS) also show
poor prognoses. The concomitance of any complication
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Figure 1 Clinical course of the patient, an 80-year-old Japanese female. White blood cells (WBC) and C-reactive protein (CRP) recovered within a few days after
the initiation of recombinant thrombomodulin (rTM) treatment. PT (indicated by a bar) rose to 100.8% from 54.4%. WBC, CRP, and transaminase (GOT and GPT) all
recovered, corresponding to the rTM administration. Tbil: Total bilirubin; TNF: Tumor necrosis factor; IL: Interleukin.

day until the end of treatment due to the patient’s
death on the ninth day after her admission. We also
administered rTM 380 U/kg per day for 6 d. Empirical
treatment for infection was concomitantly driven by
ceftriaxone (1 g × 1/d), cefozopran (1 g × 2/d), and
cefoperazone/sulbactam (1 g × 2/d) appropriately
dose-adjusted to the patient’s organ function (Figure 1).
The clinical and laboratory alternation of the patient’s
clinical course is illustrated in Figure 1, demonstrating
a rapid decrease of liver function test values (GOT, GPT,
LDH, ALP, and Tbil) immediately after the initiation of
the treatment with rTM. The patient’s white blood cells
and inflammatory reactive protein [C-reactive protein
(CRP)] gradually improved over the next few days. We
also found her hepatocyte growth factor (HGF) and
inflammatory or proinflammatory cytokines [tumor
necrosis factor (TNF)-α and interleukin (IL)-1β] levels
were all diminished after the initiation of treatment
with rTM (Figure 1).
Proteins reflecting the reproduction of liver cells
such as PT and albumin were improved during the
patient’s treatment, apparently responding to the rTM
injection. Her hepatic function completely recovered
without plasma exchange or any interventional
apheresis. The patient did not exhibit the development
of hepatic encephalopathy (e.g., confusion, stupor, and
coma). Unfortunately, respiratory failure caused her
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death on day 9 after the initiation of treatment, but
her hepatic failure was not a factor. An autopsy was
not performed.

DISCUSSION
Severe FHF is fatal, with the only effective therapy
being liver transplantation, but the indications for
[2]
this are limited . HGF was purified as a hepatocyte
proliferation agent from patients with fulminant
[9]
hepatitis and promotes hepatocyte mitosis . Sub
stantial elevations of HGF in FHF patients have been
[9]
observed in clinical settings . It was hypothesized that
external supplementations of an overdose of HGF may
promote the regeneration of hepatocytes and modulate
[10]
hepatic function , but recombinant HGF (rhHGF)
administration failed to show efficacy as a treatment
[10]
for FHF in a Phase Ⅰ/Ⅱ study setting . These
observations may indicate that an elevated plasma HGF
level corresponds to hepatocyte breakage, explaining
why no obvious efficacy of additional HGF treatment
has been observed to date. In fact, it is known that the
large-scale production of HGF occurs in the onset of
fulminant hepatitis irrespective of causes of hepatitis,
such as drugs, viral infection, and autoimmune[11]
mediated causes .
HGF has also been investigated as a hepatocyte
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[12]

protective agent for the therapy of hepatitis .
However, many clinical observations showed that
additional external HGF supplementation was not
hepatotropic and did not induce the regeneration of
[10]
hepatocytes or produce better outcomes in humans .
The up-regulation of HGF expression in injured liver
is mediated by the pro-inflammatory cytokines IL-1,
[12]
IL-6, IFN-γ, and TNF-α . We thus suggest that an
increase in plasma HGF levels is a reflection of the
[12]
degree of liver injury . The dramatic improvement of
our patient’s HGF level suggests that rTM treatment
attenuated her liver cell damage. This is substantiated
based on the patient’s profile of pro-inflammatory
cytokines TNF-α and IL-1β, and during her rTM therapy.
The anti-inflammatory role of rTM has recently
been highlighted in the field of clinical management
[13]
for DIC . rTM corrects coagulopathy through the
inhibition of thrombin and the activation of protein
C. The major pharmacological effect of rTM was
demonstrated to be an enhanced physiological effect
[5]
on APC . Several research groups reported the
anti-inflammatory effect of TM itself in the lectinlike domain, which can inactivate high-mobility
[14]
group box 1 (HMGB1) , interfere with complement
[15]
[16]
activation , and neutralize endotoxin . HMGB1
is an inflammatory mediator that acts as a nuclear
factor, and is secreted by activated monocytes and
[17]
macrophages . Some clinical articles support the
[18]
pathogenesis of HMGB1 protein in FHF . We did not
define an elevation of HMGB1 in our patient’s case,
however rTM treatment may have suppressed the
activation of HMGB1. Corticosteroid therapy can also
[19]
modulate the inflammatory response . An inhibitory
effect of glucocorticoids on HMGB1-induced TNF-α
[19]
production has been observed . However, the effect
is only for the reduction of extracellular HMGB1
expression. The effect of systemic corticosteroid
treatment was confined to a reduction in extracellular
[20]
HMGB1 expression, but not intracellular expression .
The inflammatory cellular responses downstream from
[19]
HMGB1 are less well understood . Glucocorticoids
inhibit HMGB1-induced TNF-α production in the
pathway downstream from HMGB1. Moreover, HMGB1
is secreted mainly by monocytes and corticosteroid, and
[21]
cannot adequately suppress activated monocytes .
Thus, other pathways from HMGB1 are assumed. This
mechanism can be specifically targeted to therapeutic
advantage in sterile SIRS associated with HMGB1
[19,21]
elevation, refractory to corticosteroids
.
Because our patient’s clinical status before her
admission to our hospital was not fully evaluated,
we categorized her case as fulminant hepatitis of
[9]
the subacute type according to her medication
history. Coagulopathy will occur generally in patients
[2]
with FHF . Beyond the anti-coagulant mechanism,
however, the administration of rTM would be preferable
to curing inflammatory status, especially SIRS, possibly
by inactivating HMBG1. rTM as a novel treatment for
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FHF could become promising when the inflammatory
profile in FHF is identified, but the categorization of
inflammation in FHF is not yet underway, to the best of
our knowledge.
In the present case, both a variety of biomarkers
reflecting hepatocellular damage (including GOT, GPT,
LDH, and ALP) and inflammatory cytokines decreased
very rapidly immediately after the administration
of rTM. In cases of FHF, most liver cells are often
necrotized at once by the intense immunological
reaction, resulting in the decrease of GOT and GPT
levels. In those cases, liver cells are not reproduced,
and the levels of PT and hepaplastin test do not
recover. However, surprisingly, our patient’s decreased
PT level was rapidly recovered (to over 100%)
immediately after the administration of rTM. We have
never experienced a case like this one in which the
PT level was so remarkably recovered simply by the
administration of FFP or a blood transfusion without
plasma apheresis. Thus, rTM may play a critical role
and become a new and effective therapeutic agent for
the treatment of FHF and other disorders. Other organ
failures with systemic or local inflammation may also
[22]
be treatable with rTM . We propose the necessity of
confirming the effectiveness of rTM for the treatment
of FHF in further studies.
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Case characteristics

An 86-year-old female came to an ambulatory care facility with fever, diarrhea,
and hypotension.

Clinical diagnosis

The patient showed dehydration, which was diagnosed based on fever,
tachycardia, and decreased blood pressure.
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Related reports
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CASE REPORT

Gastric adenocarcinoma of fundic gland type: Five cases
treated with endoscopic resection
Masaki Miyazawa, Mitsuru Matsuda, Masaaki Yano, Yasumasa Hara, Fumitaka Arihara, Yosuke Horita,
Koichiro Matsuda, Akito Sakai, Yatsugi Noda

Abstract

Masaki Miyazawa, Mitsuru Matsuda, Masaaki Yano,
Yasumasa Hara, Fumitaka Arihara, Yosuke Horita, Koichiro
Matsuda, Akito Sakai, Yatsugi Noda, Department of Internal
Medicine, Toyama Prefectural Central Hospital, Toyama
930-8550, Japan

Recently, a new disease entity termed gastric adeno
carcinoma of fundic gland type (GA-FG) was proposed.
We treated five cases of GA-FG with endoscopic
submucosal dissection. All tumors were small and
located in the upper third of the stomach. Four
tumors were macroscopically identified as 0-IIa and
one was identified as 0- Ⅱ b. Narrow-band imaging
with magnifying endoscopy showed an irregular
microvascular pattern in 2 cases and a regular
microvascular pattern in the remainder. All tumors arose
from the deep layer of the lamina propria mucosae and
showed submucosal invasion. Lymphatic invasion was
seen only in one case, while no venous invasion was
recognized. All tumors were positive for pepsinogenⅠ and MUC6 by immunohistochemistry. None showed
p53 overexpression, and the labeling index of Ki-67
was low in all cases. All cases have been free from
recurrence or metastasis. Herein, we discussed the
clinicopathological features of GA-FG in comparison
with past reports.
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Core tip: Recently, a new disease entity termed gastric
adenocarcinoma of fundic gland type (GA-FG) was
proposed. We treated five cases that were diagnosed
as GA-FG with endoscopic submucosal dissection.
GA-FG has characteristic findings in endoscopic and
pathological examinations. For accurate and early
endoscopic diagnosis of GA-FG, careful endoscopic
examination and detailed pathological evaluation are
important. Herein, we discussed the clinicopathological
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features of GA-FG in comparison with past reports.

GA-FG have occasionally been reported, but to the best
of our knowledge, detailed reports on its endoscopic
findings are not available. Herein, we examined and
discussed the clinicopathological features, especially
the endoscopic findings of GA-FG treated with ESD.

Miyazawa M, Matsuda M, Yano M, Hara Y, Arihara F, Horita Y,
Matsuda K, Sakai A, Noda Y. Gastric adenocarcinoma of fundic
gland type: Five cases treated with endoscopic resection. World
J Gastroenterol 2015; 21(26): 8208-8214 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i26/8208.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i26.8208

CASE REPORT
We studied the clinicopathological features of GA-FG
treated with ESD at Toyama Prefectural Central
Hospital from 2010 to 2013. We defined GA-FG
as neoplastic lesions, which were composed of
cells that mimic the fundic gland cells and were
positive for pepsinogen-Ⅰ (a marker of chief cells)
by immunohistochemical staining. Lesion sites,
macroscopic types and histopathological findings were
described according to the Japanese classification
rd
[6]
of gastric carcinoma, 3 English edition . Before
performing ESD, upper gastrointestinal endoscopy
was conducted by employing NBI-ME in addition
to conventional white light endoscopy. Endoscopic
findings obtained by NBI-ME were described according
[7]
to the VS classification system of Yao et al While
one biopsy specimen was obtained from a lesion
for histological diagnosis, another four specimens
were taken from the surrounding mucosa at a 5 mm
distance from the margin of the lesion to verify nonmalignancy and to assess the status of the background
gastric mucosa.
Of 506 early gastric adenocarcinomas that
underwent ESD at our institution during a period from
May 2010 to March 2013, 5 cases (0.98%) were
GA-FG, including 3 males and 2 females with ages
ranging from 67 to 78 years (average, 72.2 years).
The characteristics of these 5 cases are summarized in
Table 1. None of these cases had serum anti-H. pylori
antibody. Only one case had antral atrophic gastritis
while the remainder had no such lesion. Endoscopic
findings of all cases are shown in Figure 1. All tumors
were located in the upper third of the stomach. Four
tumors were macroscopically identified as submucosal
tumor (SMT)-like 0-Ⅱa (superficial elevated type) and
one was identified as 0-Ⅱb (superficial flat type). They
were 5 to 13 mm (average, 7.8 mm) in diameter and
covered with normal colored or whitish vasodilated
mucosa. NBI-ME showed an irregular microvascular
pattern (MVP), which indicated nonuniformity and
heterogeneity of microvessels, and an absent micro
surface pattern (MSP), which indicated the lack of
microstructure such as marginal crypt epithelium, on
the small region of the tumor in 2 cases, while regular
MVP and MSP were demonstrated in the remainder.
Endoscopic examination prior to pathological diagnosis
suspected GA-FG in 1 case and malignant lesions such
as adenocarcinoma, SMT or carcinoid in 4 cases.
ESD-resected specimens were subjected to immu
nohistochemical staining in addition to conventional
hematoxylin and eosin staining. Immunohistochemical

INTRODUCTION
According to clinicopathological studies of gastric
adenocarcinoma, it has been assumed that
differentiated adenocarcinomas arise from intestinal
metaplasia involving Helicobacter pylori (H. pylori)
infection, and thus, has an intestinal phenotype while
undifferentiated adenocarcinomas develop directly
from the proper gastric mucosa without the process
of intestinal metaplasia, and therefore, has a gastric
phenotype. Recently, immunohistochemical staining
for mucin has proven that some differentiated
[1,2]
adenocarcinomas have a gastric phenotype
.
Early differentiated adenocarcinomas with a gastric
phenotype are thought to be difficult to diagnose
by biopsy, which examines only a small amount of
specimen, because of their mild histological atypism.
Regarding differentiated gastric adenocarcinomas
[3]
with a gastric phenotype, Yao et al in 2006 reported
cases of extremely well-differentiated adenocarcinoma
resembling gastric foveolar epithelium, mucous
neck cells and pyloric glands. In 2007, Tsukamoto
et al reported the first case of adenocarcinoma
with differentiation to chief cells that comprise the
[4]
[5]
fundic gland . Furthermore in 2010, Ueyama et al
reported 10 cases that showed differentiation to chief
cells, and proposed a new disease entity termed
gastric adenocarcinoma of fundic gland type (GA-FG)
based on their clinicopathological features. Since it
is assumed that GA-FGs arise from normal gastric
mucosa of the fundic gland region without intestinal
metaplasia, the percentage of GA-FGs among all
gastric adenocarcinomas is expected to increase along
with decreasing prevalence of H. pylori infection.
Although the concept of GA-FG has been gradually
spreading, quite a few cases may still be undiagnosed
due to the difficulty in making a correct diagnosis.
Since the current general consensus on treatment
of early gastric adenocarcinomas is by endoscopic
submucosal dissection (ESD), early endoscopic and
pathological diagnosis of endoscopically resectable
GA-FG is necessary. For accurate and early diagnosis,
careful examination using narrow-band imaging
with magnifying endoscopy (NBI-ME) in addition to
conventional endoscopy and detailed pathological
evaluation using immunohistochemical staining are
extremely important. Pathological characteristics of
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Table 1 Characteristics of our 5 cases

Age (yr)/sex
Serum anti-H. pylori antibody
Chronic gastritis
Location
Size (mm)
Macroscopic feature
Microvascular pattern on NBI-ME
Endoscopic diagnosis
Histological classification
Depth
Lymphatic/venous invasion
MUC2/MUC5AC/MUC6/Pepsinogen-I
p53/Ki-67 labeling index

Case 1

Case 2

Case 3

Case 4

Case 5

78/Female
Negative
Antral gastritis
Upper/Ant
13
Ⅱa
Irregular
Adenocarcinoma
tubular
SM (700 µm)
(+)/(-)
(-)/(-)/(+)/(+)
(-)/Low

74/Male
Negative
(-)
Upper/Gre
5
Ⅱa
Irregular
SMT
tubular
SM (80 µm)
(-)/(-)
(-)/(-)/(+)/(+)
(-)/Low

67/Male
Negative
(-)
Upper/Gre
8
Ⅱa
Regular
Carcinoid
tubular
SM (980 µm)
(-)/(-)
(-)/(-)/(+)/(+)
(-)/Low

72/Male
Negative
(-)
Upper/Gre
5
Ⅱb
Regular
GA-FG
tubular
SM (110 µm)
(-)/(-)
(-)/(-)/(+)/(+)
(-)/Low

70/Female
Negative
(-)
Upper/Post
8
Ⅱa
Regular
Adenocarcinoma
tubular
SM (1230 µm)
(-)/(-)
(-)/(-)/(+)/(+)
(-)/Low

Ⅱa: Elevated lesion; Ⅱb: Flat lesion; Ant: Anterior wall; GA-FG: Gastric adenocarcinoma of fundic gland type; Gre: Greater curvature; NBI-ME: Narrowband imaging with magnifying endoscopy; Post: Posterior wall; SM: Submucosal layer; SMT: Submucosal tumor.

A

1

2

3
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B

4

5

Figure 1 Endoscopic examination of five cases. A: Conventional white light endoscopy showed elevated (type 0-Ⅱa) or flat (type 0-Ⅱb) lesions with dilatation
of microvessels on the upper gastric body; B: Narrow-band imaging with magnifying endoscopy showed an irregular microvascular pattern (MVP) and an absent
microsurface pattern (MSP) on the small region of the tumor in cases 1 and 2, while regular MVP and MSP were demonstrated in the remainder.

markers used were as follows: MUC5AC for foveolar
cells, MUC6 for mucous neck cells or pyloric gland
cells, MUC2 for goblet cells, and CD10 for intestinal
brush border. The mucin phenotypes were assessed
according to the expression of gastric type markers
such as MUC5AC and MUC6 and intestinal type
markers such as MUC2 and CD10. Furthermore,
pepsinogen-Ⅰ was also employed as a marker of
differentiation to chief cells. When these markers
were expressed in 10% or greater of the cytoplasm,
they were considered as positive. Proliferative activity
was assessed as a ratio of Ki-67 positive cells to 1000
tumor cells while p53 overexpression was defined as
positive when the protein was expressed in 10% or
greater of tumor cell nuclei.
Pathological findings of typical GA-FG are shown in
Figure 2 (case 1). All tumors showed well-differentiated
tubular adenocarcinoma. The tumors arose from the
deep layer of the lamina propria mucosae, and most of
their surfaces were covered with non-atypical foveolar
epithelium. All tumors showed submucosal invasion,
and the depth of invasion ranged from 80 to 1230 µm
(average, 620 µm). Lymphatic invasion was seen only
in case 1, while no venous invasion was recognized.
By immunohistochemical examination, it was found
that in addition to pepsinogen-Ⅰ positivity, all tumors
showed diffuse positivity for MUC6. In contrast, MUC2
and MUC5AC were negative in all cases. The malignant
potential of all cases was considered low as none
showed overexpression of p53, and the labeling index

WJG|www.wjgnet.com

of Ki-67 was low.
All cases could be followed up after ESD for a
period from 9.7 to 27.7 mo. Of the three cases that
showed submucosal invasion, the depth of which was
greater than 500 µm, case 3 subsequently underwent
additional fundusectomy, resulting in neither remnant
adenocarcinoma nor lymph node metastasis. All cases
have been free from recurrence or metastasis.

DISCUSSION
GA-FGs are characterized by the following: (1) they
arise most commonly from normal gastric mucosa of
the fundic gland region without intestinal metaplasia;
(2) they are recognized as smooth elevated or
depressed lesions; (3) they tend to invade the
submucosal layer while they rarely show lymphatic and
venous invasion; and (4) they show histologically mild
atypism.
We reviewed previous reports on GA-FG published
in the English literature or the Japanese literature with
English abstract, and found that 30 domestic cases
[4,5,8-12]
[13]
were reported until 2013
, while Singhi et al
was the first to report 10 non-Japanese cases in 2012.
Clinicopathological findings of the previous and the
present cases are shown in Table 2. These cases were
characterized by common occurring sites such as the
upper gastric region, a tendency to take the form of
SMT-like elevation and rare lymphatic and venous
invasion despite frequent submucosal invasion. Most
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A

1 mm

B

C

Figure 2 Pathological examination of resected gastric adenocarcinoma of fundic gland type (case 1). A: In low-power view, the tumor arose from the deep
layer of the lamina propria mucosae and invaded the submucosal layer at a depth of 980 µm (arrow). Most of the surface was covered with non-atypical foveolar
epithelium; B: In high-power view, the tumor was composed of well-differentiated columnar cells mimicking the fundic gland cells with mild nuclear atypism; C:
Immunohistological staining showed diffuse positivity for pepsinogen-I.

Table 2 Clinicopathological findings of previous and present cases
Reports
Number of patients
Age (yr)
Sex (Male:Female)
Therapy

Location (Upper:Middle:Lower)
Size (average, mm)
Macroscopic feature
(Ⅰ:Ⅱa:Ⅱb:Ⅱc:Ⅱa + Ⅱc)
Depth (M:SM)
Lymphatic/venous
invasion
Survival time (average, mo)
Outcome

[4]

[5,8]

[9]

[10]

[11]

[12]

[13]

Present cases

1
82
Female
EMR

1
59
Female
ESD

1
56
Male
EAM

1
50s
Male
ESD

1
71
Female
EMR

10
64.2 (average)
4:6
polypectomy

5
72.2 (average)
3:2
ESD

Upper
16
Ⅰ (protrude)

25 (27 lesions)
67 (average)
16:9
Operation: 3
ESD or EMR: 7
ND: 15
23:4:0
12.2 (3-42)
1:14:2:8:2

Upper
8
Ⅱb

Upper
5
Ⅱa

Middle
42
Ⅱa + Ⅱc

Upper
ND
Ⅱa

10:0:0
4.3
10:0:0:0:0

5:0:0
7.8 (5-13)
0:4:1:0:0

M
(-)/(-)

6:21
2/1

SM
(-)/(-)

SM
(-)/(-)

SM
(-)/(-)

SM
(-)/(-)

10:00
0/0

0:05
1/0

ND
ND

27 (10-70)
NED: 10
ND: 15

17
NED

12
NED

ND
ND

12
NED

15 (6-39)
NED: 8
Persistence: 1
ND: 1

10.6 (2-20)
NED:5

EAM: Endoscopic aspiration mucosectomy; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; M: Mucosal; ND: Not described;
NED: No evidence of disease; SM: Submucosal.

of the cases were treated with endoscopic resection,
and there was no recurrence or metastasis except for
a case that had local residual recurrence.
Endoscopic findings of the present cases were
similar to those of previous reports. In particular, the
tumors were characteristically identified as whitish
SMT-like elevations associated with vasodilation. The
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whitish coloring seemed to be produced by dimmed
reddening of the mucosal surface due to reduced
transparency of the submucosal vessels brought
about by the tumor located in the deep layer of
the mucosa. Vasodilation on the tumor surface is
considered ascribable to displacement of the surface
vessels by the tumor tissue. A possible reason for
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the macroscopic similarity to SMT is that the tumors
arose from the deep layer of the gastric mucosa,
growing laterally toward the lamina propria. If they
had grown straight toward the mucosal surface, they
would have been recognized as unsmooth tumors
by endoscopy. However, since they were scarcely
exposed on the mucosal surface, they were recognized
as SMT-like elevations. From the above, careful
endoscopic screening is very important for detecting
slight differences between GA-FG and the surrounding
mucosa even if there is no obvious irregularity in the
mucosal surface.
In our study, NBI-ME was also performed in
addition to conventional endoscopy. At present,
observation of early gastric adenocarcinoma using
NBI-ME is assessed based on the worldwide standard
diagnostic system of the VS classification, which uses
[7]
MVP and MSP as indices as proposed by Yao et al .
Only two of our cases showed a minimal irregular MVP
and absent MSP under NBI-ME, which are consistent
with the findings of gastric adenocarcinoma. In
contrast, the other cases showed regular MVP and MSP
probably because these tumors, which were located in
the deep layer of the mucosa, hardly showed any inner
abnormal microstructure through the thick mucosa.
Despite the detailed endoscopic examination, a
definite diagnosis was finally made by histopathological
examination. If GA-FG is suspected by endoscopy,
a pathologist should be informed of such suspicion
in order for immunohistochemical staining to be
performed which may lead to a definite diagnosis.
Even if not suspected, the lesion should be recognized
as malignant that is distinct from a real SMT or a
fundic gland polyp and biopsy should be performed.
It is important to acquire a sufficient amount of tissue
because the tumor location is commonly in the deep
layer of the mucosa.
With regard to therapy, the majority of GA-FGs
are thought to be indications for endoscopic resection.
However, for lesions that show submucosal invasion
deeper than 500 µm as in our cases, curative resection
may not be possible according to Japanese gastric
[14]
cancer treatment guidelines 2010 (ver.3) . On the
other hand, GA-FGs rarely demonstrate lymphatic and
venous invasions despite deep submucosal invasion.
Regarding therapeutic approaches following incomplete
resection of GA-FG, which is relatively common
among the elderly, it will be controversial in the future
whether additional treatment such as for differentiated
adenocarcinoma of intestinal phenotype should be
administered or not.
In conclusion, we examined 5 cases of GA-FG and
discussed their characteristics in comparison with
previous reports. Even when atrophic mucosa due to H.
pylori infection is not observed, detailed examination
should be done under suspicion of GA-FG if a whitish
SMT-like lesion with vasodilation on the surface is
found in the upper third of the stomach. Whereas
the consensus is for the use of conventional white

WJG|www.wjgnet.com

light endoscopy to facilitate diagnosis, few reports
on NBI-ME are available. It is therefore necessary
to accumulate more endoscopic data to identify the
characteristics of GA-FG. Furthermore, what remains
to be done is to explore long-term outcomes of GA-FG
such as the natural course, recurrence rate and
prognosis after resection, and to elucidate the genetic
aberrations involved in carcinogenesis.
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Abstract
Solitary duodenal Peutz-Jeghers (PJ)-type hamar
tomatous polyps are rare and considered a different
disease entity than classic PJ syndrome. We describe
the case of an 89-year-old man admitted to our
emergency department with symptoms of acute
cholangitis, liver dysfunction, and slight jaundice.
Magnetic resonance imaging showed multiple signal
voids, reflecting choledocholithiasis, and an ovalshaped tumor in the common bile duct (CBD). Following
endoscopic retrograde cholangiopancreatography, the
patient was diagnosed with a lower CBD tumor 20 mm
in diameter. Endoscopic sphincterotomy was performed
for choledocholithotomy, resulting in the expulsion of
a large tumor with a stalk connected to the papilla
of Vater. The tumor was successfully excised en bloc
by endoscopic snare papillectomy. Histopathologic
examination showed that the tumor was a PJ-type
hamartomatous polyp. No mucocutaneous pigmentation
of the skin was evident and the patient’s family history
was negative. Solitary duodenal PJ-type hamartomatous
polyps are usually diagnosed incidentally during
endoscopy for other indications because most of
these tumors are asymptomatic or have nonspecific
presentations. To our knowledge, this is the first
reported solitary PJ-type polyp with intra-CBD growth
treated by endoscopic snare papillectomy.
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Core tip: Solitary duodenal Peutz-Jeghers (PJ)-type
hamartomatous polyps are rare. This polyp is usually
diagnosed incidentally during endoscopy because its
presentation is nonspecific. Thus, it is interesting that
acute cholangitis was shown as initial symptoms of
PJ-type hamartomatous polyp due to intra-common
bile duct growth. This is the first reported solitary
duodenal PJ-type hamartomatous polyp treated by
endoscopic snare papillectomy. PJ-type polyps should
be distinguished as solitary or an incomplete type
of PJ syndrome. These polyps should be treated by
endoscopic or surgical resection due to their malignant
potential.
Suzuki K, Higuchi H, Shimizu S, Nakano M, Serizawa H,
Morinaga S. Endoscopic snare papillectomy for a solitary PeutzJeghers-type polyp in the duodenum with ingrowth into the
common bile duct: Case report. World J Gastroenterol 2015;
21(26): 8215-8220 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i26/8215.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i26.8215

Figure 1 Computed tomography on admission. Plain abdominal computed
tomography showing choledocholithiasis with multiple calcified stones (solid
arrows) in the dilated common bile duct and a round-shaped tumor in the lower
common bile duct (dotted arrows).

INTRODUCTION

transaminase (152 IU/L), alanine transaminase (68 IU/
L), lactate dehydrogenase (551 IU/L), gamma-glutamyl
transpeptidase (84 IU/L), and total bilirubin (2.32
mg/dL). Tumor markers, including carcinoembryonic
antigen, cancer antigen 19-9 and alpha-fetoprotein,
were within normal limits. Plain abdominal computed
tomography (CT) demonstrated choledocholithiasis
with multiple calcified stones in the dilated CBD and a
tumor in the lower CBD (Figure 1). Magnetic resonance
imaging with cholangiopancreatography showed
multiple signal voids in the CBD reflecting tiny stones
(Figure 2A). An oval-shaped tumor 20 mm in diameter
in the lower CBD was detected by high-intensity
signals on T2-weighted and diffusion-weighted imaging
(Figure 2B). Following a diagnosis of jaundice due
to choledocholithiasis and a CBD tumor, endoscopic
retrograde cholangiopancreatography was performed.
The lateral view showed a slight swelling of the papilla
of Vater (Figure 3A), as well as multiple filling defects
in the CBD. The largest defect, with a diameter of 4
cm, was located at the inferior extremity of the CBD
without flexibility (Figure 3A). Intraductal ultrasound
showed soft tissue echogenicity, suggesting that the
defect was a neoplasm growing into the CBD (Figure
3B). Endoscopic sphincterotomy was performed and a
plastic tube stent was inserted. A second endoscopic
retrograde cholangiopancreatography, performed
one week later, showed inversion and exclusion of
the tumor (Figure 3C). The tumor, which had a stalk

Hamartomatous polyps are usually associated with
[1]
Peutz-Jeghers syndrome (PJS) , which is characterized
by gastrointestinal polyposis and mucocutaneous
pigmentation. Solitary hamartomatous polyps have
been considered a variant or a separate disease
[2]
entity without the features of PJS . Solitary duodenal
hamartomas are even less common. These lesions
are usually accompanied by nonspecific symptoms,
with most diagnosed incidentally during endoscopy.
We describe the successful use of endoscopic snare
papillectomy to remove a solitary Peutz-Jeghers (PJ)type polyp on the papilla of Vater. To our knowledge,
this is the first patient to be described with a solitary
PJ-type hamartomatous polyp showing ingrowth into
the common bile duct (CBD).

CASE REPORT
An 89-year-old man with a chief compliant of left
brachium paresis was referred to our hospital
and admitted to the emergency department. The
patient had no significant medical history except for
hypertension, atrial fibrillation, and chronic gastritis,
and no significant family history. On admission, he
showed evidence of an inflammatory reaction, with
elevated WBC (10310/μL) and C-reactive protein
(4.62 mg/dL). Liver dysfunction and slight jaundice
were also observed, with elevated levels of aspartate
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A

B

Figure 2 Magnetic resonance imaging showing multiple stones and an oval-shaped tumor in the common bile duct. A: Magnetic resonance imaging (MRI)
with cholangiopancreatography showing multiple signal voids in the common bile duct (CBD) reflecting tiny stones; B: T2-weighted MRI image showing an ovalshaped tumor 20 mm in diameter in the lower CBD with high-intensity signal (left row); and a diffusion-weighted image showing a mass lesion in the lower CBD with a
round high-intensity signal (right row).
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Figure 3 Tumor resection by endoscopic snare papillectomy. A: Endoscopic retrograde cholangiopancreatography (ERCP) showing several filling defects in the
upper part of the common bile duct (CBD) (black arrows), and an oval-shaped defect in the intra-pancreatic CBD (white arrows). Endoscopic picture during ERCP did
not show any remarkable findings without juxtapapillary duodenal diverticula; B: Intraductal ultrasonography confirming that the lower filling defect was a papillarygrowing tumor in the CBD; C: Second ERCP, performed one week later, showing inversion and exclusion of the tumor after endoscopic sphincterotomy. The tumor
was a pedunculated polyp, enabling en bloc resection by endoscopic snare papillectomy.

growing from the major duodenal papilla, was excised
en bloc by endoscopic snare papillectomy (Figure 3C).
Histopathologic examination of the resected
specimen showed a large polypoid neoplasm, 4.8 cm
× 1.9 cm × 1.8 cm in size, with a lobular surface and
epithelialized with intestinal type mucosa (Figure 4A).
The polyp contained irregular hyperplastic crypts with
focal cystic dilatation, especially in the lower layer,
and branching bundles of smooth muscle extending
from the muscularis mucosae. The epithelium was
hyperplastic in nature but not dysplastic, resulting in a
diagnosis of PJ-type hamartomatous polyp (Figure 4B).
The patient had no mucocutaneous pigmentation or
family history of PJS. Upper gastrointestinal endoscopy
and colonoscopy did not reveal any other PJ-type
polyps. Thus, the final diagnosis was solitary PJ-type
hamartomatous polyp of the major duodenal papilla.

A

DISCUSSION
PJS is a rare autosomal dominant disorder associated
with mucocutaneous pigmentation (buccal mucosa,
lips, fingers, and toes) and a family history of this
[3]
condition . Solitary PJ-type polyps, defined as
hamartomatous polyps without any of the clinical
symptoms of PJS, are characterized histologically by
tree-like branching of smooth muscle fibers, with a core
of smooth muscle, covered by mucosal tissue of near[4]
normal appearance . It is truly difficult to determine
whether these solitary duodenal hamartomatous polyps
are an incomplete type or initial clinical manifestation
[2]
of PJS . This entity may be differentiated from PJS
based on information from previous studies, including:
the lack of perioral or perianal mucocutaneous pigmen
tation and lack of family history; symptom onset
usually occurring past the sixth and seventh decades
of life; and lower risk of local cancer development
than hamartomatous polyps in patients with PJS.
The findings in our patient are consistent with these
characteristics.
A search of case reports on the MEDLINE database

B

Figure 4 Histopathologic findings. A: View of the surgical specimen, showing
that it was 4.8 cm × 1.9 cm × 1.8 cm in diameter with lobular surfaces, which
were epithelialized with intestinal type mucosa; B: Histopathologic examination
showed features suggesting a hamartoma. For example, the polyp contained
irregular hyperplastic crypts with focal cystic dilatation and branching bundles
of smooth muscle extending from the muscularis mucosae. The epithelium was
hyperplastic.
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Table 1 Previously reported patients with duodenal solitary Peutz–Jeghers type hamartomatous polyps (English publications only)
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Author

Year

Age

Sex

Location

Size (mm)

Symptoms

Treatment

Malignancy

Bott
Naitoh
Tanaka
Acea Nebril
Ichiyoshi
Oncel
Kitaoka
Itaba

1986
1988
1990
1993
1996
2003
2004
2006

Suzuki
Jamaludin
Kantarciogle
Sekino
Our case

2008
2009
2009
2011
2014

23
56
41
82
63
84
68
53
22
87
56
59
68
60
46
28
84
76
89

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

4th
3rd
3rd
2nd
1st
2nd
3rd
2nd
1st
2nd
2nd
2nd
2nd
1st
1st
2nd
1st
2nd
2nd

50 × 40
30 × 15
25 × 18
25 × 20
50 × 35
25 × 20
25
5
30
18
12
15 × 15
10 × 8
10 × 10
70 × 40
25 × 15
14
15
48 × 19 × 18

GI bleeding
NA
Asymptomatic
Asymptomatic
Anemia
GI bleeding
GI bleeding
Dyspepsia
Asymptomatic
Abdominal pain
CEA elevation
Epigastric discomfort
Epigastralgia
Asymptomatic
Dyspepsia
Acute pancreatitis
Asymptomatic
Asymptomatic
Acute cholangitis

Surgery
Endoscopy
Endoscopy
Endoscopy
Surgery
Endoscopy
Endoscopy
Endoscopy
Endoscopy
Endoscopy
Endoscopy
Endoscopy
Endoscopy
Endoscopy
Surgery
Endoscopy
Endoscopy
Endoscopy
Endoscopy

None
None
None
None
None
Yes
None
None
None
None
None
None
Yes
None
Yes
None
Yes
None
None

NA: Not available; GI: Gastrointestinal.

up to 2014 using the terms “solitary”, “duodenum”,
and “hamartomatous polyp”, but without PJS, identified
19 patients in 13 studies published in English with
solitary-PJ type polyps in the duodenum, including
[2,5-15]
the patient described here
(Table 1). Age at
onset ranged from 23-89 years (mean ± SD: 60.3
± 20.1 years). The most frequent polyp site was the
second portion of the duodenum, followed by the
duodenal bulb. Maximum polyp diameter ranged
from 5-70 mm (mean ± SD: 26.4 ± 16.6 mm). The
predominant presentation was asymptomatic, with
other patients having nonspecific symptoms. Most
patients underwent endoscopic resection, although
some patients with large polyps (> 50 mm) required
surgery. Of the 19 polyps, four showed malignant
transformation.
Duodenal solitary PJ-type hamartomatous polyp
is usually diagnosed incidentally during gastro
duodenal endoscopy. Its presentation is nonspecific
and resembles common conditions, such as peptic
[13]
ulcer disease . Our patient was the first to
report acute cholangitis and jaundice as the chief
complaints. Moreover, this was the first solitary PJtype hamartomatous polyp showing ingrowth into
the CBD, although a solitary hamartomatous polyp in
the CBD was reported in a patient without PJS after
[16]
hepatoduodenostomy . The mechanism of ingrowth
into the CBD in our patient is undetermined. However,
a polyp that initially developed on the papilla of Vater
may have invaginated accidentally into the CBD while
still tiny due to peristaltic motion. This polyp may then
have grown in the CBD.
The characterization of PJ-type polyps as having
a low risk of cancer is unclear. To our knowledge, 4
of 19 such lesions showed malignant transformation.
The mean age of patient with malignancy was 70.5
years, higher than that of all 19 patients (60.3

WJG|www.wjgnet.com

years). In contrast, the maximum diameter may be
nonindicative of malignancy, as patient 13 had a small
malignant polyp only 10 mm in diameter. There is no
definitive guideline for treatment of solitary duodenal
PJ-type hamartomatous polyps. In general, as with
other common gastroduodenal polyps, solitary PJtype polyps with features of large size, sessile type,
presence of induration, or with suspicion of submucosal
invasion should be considered for surgical resection.
As the differential diagnosis by morphologic features is
difficult, endoscopic biopsies must be performed for the
selection of an appropriate therapeutic strategy. When
the biopsy is malignant, surgery should be performed
according to the depth of tumor invasion. Endoscopic
ultrasonography is useful. Meanwhile, comprehensive
and cautious decision of surgical indication is required
by consideration of patient characteristics, such as
age, past history, and general condition.
In conclusion, associated signs and symptoms
should be evaluated in patients with duodenal PJ-type
hamartomatous polyps. In addition, patients should
undergo upper intestinal endoscopy, colonoscopy, and
whole-body screening. Solitary PJ-type hamartomatous
polyps should be distinguished as solitary or as an
incomplete type of PJS. These polyps should be treated
by endoscopic or surgical resection.

COMMENTS
COMMENTS
Case characteristics

An 89-year-old male with solitary duodenal Peutz-Jeghers (PJ)-type
hamartomatous polyp, which had grown into the common bile duct (CBD).

Clinical diagnosis

Expulsion of a large tumor with a stalk connected to the papilla of Vater after
endoscopic snare papillectomy.

Differential diagnosis

Papillary-expanding-type cholangiocarcinoma; polypoid type carcinoma of the
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papilla of Vater.

Laboratory diagnosis

WBC, 10310/μL; C-reactive protein, 4.62 mg/dL; aspartate transaminase, 152
IU/L; alanine transaminase, 68 IU/L; lactate dehydrogenase, 551 IU/L; gammaglutamyl transpeptidase, 84 IU/L; total bilirubin, 2.32 mg/dL; inflammatory
reaction with liver dysfunction and slight jaundice.

5

Imaging diagnosis

6

Pathological findings

7

Computed tomography and magnetic resonance imaging revealed choledocho
lithiasis with multiple calcified stones in the dilated CBD and a tumor in the
lower CBD.
Histopathologic examination showed a large polypoid neoplasm with a lobular
surface and epithelialized with intestinal type mucosa containing irregular
hyperplastic crypts with focal cystic dilatation, and branching bundles of smooth
muscle extending from the muscularis mucosae.

8

Treatment

The tumor with a stalk growing from the major duodenal papilla, which was
inverted and excluded from the CBD, was excised en bloc by endoscopic snare
papillectomy.

9

There are a few cases of solitary duodenal PJ-type hamartomatous polyps
reported in the literature, however, the present case is the first to report showing
ingrowth into the CBD with acute cholangitis and jaundice.

10

Related reports

Term explanation

Endoscopic snare papillectomy is an endoscopic excision technique for a
benign and/or low-grade malignant tumor of the papilla of the Vater, using a
snare loop to enable en bloc resection.

11

Experience and lessons

This case report not only represents the diagnosis and therapeutic strategy
for a solitary duodenal PJ-type hamartomatous polyp, but also introduces the
usefulness of endoscopic snare papillectomy for a large pedunculated polyp
adjacent to the papilla of Vater.

12

Peer-review

This article presents a rare case of solitary duodenal PJ-type hamartomatous
polyp grown from the CBD, and also addresses a critical clinical question by
integrating an extended review of literatures.

13

14
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Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
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Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
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Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing

II

Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Ying-Mo Shen, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
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Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague
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Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim

III

Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
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Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
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EDITORIAL

Non-celiac gluten sensitivity: time for sifting the grain
Luca Elli, Leda Roncoroni, Maria Teresa Bardella
studied forms of gluten-related disorders characterized
by an evident immune mechanism (autoimmune in
celiac disease and IgE-mediated in wheat allergy), a
new entity has been included, apparently not driven
by an aberrant immune response: the non-celiac
gluten sensitivity (NCGS). NCGS is characterized by
a heterogeneous clinical picture with intestinal and
extraintestinal symptoms arising after gluten ingestion
and rapidly improving after its withdrawal from the diet.
The pathogenesis of NCGS is largely unknown, but a
mixture of factors such as the stimulation of the innate
immune system, the direct cytotoxic effects of gluten,
and probably the synergy with other wheat molecules,
are clues for the complicated puzzle. In addition, the
diagnostic procedures still remain problematic due
to the absence of efficient diagnostic markers; thus,
diagnosis is based upon the symptomatic response to a
gluten-free diet and the recurrence of symptoms after
gluten reintroduction with the possibility of an important
involvement of a placebo effect. The temporary with
drawal of gluten seems a reasonable therapy, but
the timing of gluten reintroduction and the correct
patient management approach are have not yet been
determined.

Luca Elli, Leda Roncoroni, Maria Teresa Bardella, Center for
Prevention and Diagnosis of Celiac Disease, Gastroenterology
and Endoscopy Unit, Department of Pathophysiology and
Transplantation, Università degli Studi di Milano. Fondazione
IRCCS Ca’ Granda Ospedale Maggiore Policlinico, 20122
Milano, Italy
Author contributions: Elli L, Roncoroni L and Bardella MT
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Core tip: Gluten-related disorders are extremely re
levant in gastroenterologic practice, and their pre
valence has increased in recent decades. Besides
celiac disease and allergy, the newly born non-celiac
gluten sensitivity is still an obscure syndrome with an
unknown pathogenesis and important clinical concerns
regarding diagnosis and patient management.

Abstract
In the last few years, a new nomenclature has been
proposed for the disease induced by the ingestion of
gluten, a protein present in wheat, rice, barley and
oats. Besides celiac disease and wheat allergy, the most
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clear. Although data is scant and conflicting, one can
hypothesize that a multifactorial process is at the base
of the NCGS symptomatic onset. The involvement of
the innate immune system, a direct cytotoxic effect
of gluten and gliadin, and the involvement of different
target organs and other proteic components of wheat
can be all implicated.
[11]
Firstly, the study by Sapone et al
demonstrated
in a series of NCGS subjects reporting different
gastrointestinal symptoms that intestinal permeability
and adaptive immune responses are not involved in
the process. In fact, by using the lactulose/mannitol
test and investigating the main components of tight
junctions (zonulin and claudins), the authors found
no alterations, this fact excluding the presence of a
“leaky gut” as in CD or other intestinal inflammatory
conditions. The concomitant duodenal increase of tolllike receptor-2 and the significant reduction of the
T-regulatory cell marker FOXP3 compared to healthy
subjects and CD patients suggested a stimulation
of the innate immune system that does not involve
the interferon γ pathway. In the duodenal histology
of NCGS, a slight increase of γ and δ intraepithelial
lymphocytes was reported. The data collected on the
absence of an adaptive immune response stimulation
seems to be confirmed by another study that
investigated the effect of a gluten-containing diet in
patients affected by a diarrhea-type irritable bowel
[12]
syndrome (IBS) . In contrast with the previous
studies, an alteration of gut permeability was reported
in these patients, especially in subjects carrying a
CD-compatible genetic background (i.e., HLA DQ2).
However, the definitive exclusion of the adaptive
immune system is not possible. Based on the findings
[13]
published by Brottveit et al , who explored and
compared the initial mucosal immunologic events
in CD and NCGS subjects before and after a gluten
challenge, an increase of interferon γ and heat shock
protein 27 levels after gluten challenge was evidenced
together with an increased density of intraepithelial
lymphocytes, this latter independent from the gluten
challenge. Differently, other authors failed to identify
any gliadin-related immunologic alteration in the
[14]
duodenal mucosa of NCGS patients .
Besides the possible alteration of the immune
system, gluten presents some peculiar biologic
[15]
properties that induce intestinal damage . Different in
vitro studies on two- and three-dimensional cell cultures
(mainly enterocytes) demonstrated that the treatment
with gluten and gliadin induces alterations of the main
cellular homeostatic processes. Cellular morphology
[16,17]
and motility
and cytoskeleton organization and
intercellular contact through the tight junction proteins
[18,19]
are all altered
. Treated cells present a reduced
viability due to the stimulation of apoptosis and a
reduction of synthesis of nucleic acids (DNA and RNA)
[20]
and proteins . Moreover, the oxidative balance is
disrupted by a decrease of reduced glutathione and
[18,21]
thiols
.

INTRODUCTION
Wheat is a basic staple of the human diet, especially
in Western countries where wheat-containing food
dominates the menu. Since the start of agriculture
in Mesopotamia about 10000 years ago, wheat has
sustained mankind’s development and health up to
[1]
the present day . This apparently contrasts with
the selection of a genetic background susceptible to
immune reactions against gluten [i.e., celiac disease
[2]
(CD)], the HLA DQ2 haplotype . The development
of adverse reactions against wheat and, in particular,
against gluten, is supposed to be concomitant with
the very moment humans started its ingestion. The
first description of a patient affected by CD is ascribed
nd
to Areteus of Cappadocia, who in the 2 century AD
reported a case of chronic diarrhea and malabsorption.
th
However, only at the end of the 19 century, Samuel
Gee scientifically described the celiac syndrome in
childhood and in the 1950s, Willem Dicke identified
[3]
gluten as the environmental agent of CD . Since
then, the scientific community’s interest concerning
the effects of gluten on humans and the mechanisms
underpinning gluten-induced intestinal and systemic
[4-6]
damage has increased . Nowadays, CD is considered
an autoimmune disorder affecting about 1% of the
[7,8]
worldwide population
. A different mechanism
is involved in the allergic reaction to wheat (wheat
allergy): a condition affecting 4% of the population
with heterogeneous intestinal, respiratory, and
[6]
cutaneous symptoms . In addition to the food allergy
against wheat, the other major forms of wheat allergy
are baker’s asthma and wheat-dependent exerciseinduced anaphylaxis, which can lead to important
[9]
anaphylactic reactions .
Recently, a third clinical syndrome has been
introduced under the generic umbrella of gluten-related
disorder, or non-celiac gluten sensitivity (NCGS), which
apparently involves neither the allergic nor autoimmune
mechanisms or a specific genetic background, as in
[4]
CD . Thus, gluten or other wheat components are
supposedly the environmental factors that induce a
wide range of gluten-related diseases with different
pathogenic pathways, which globally affect a large
[4,10]
proportion of the population
.

NCGS AND ITS POSSIBLE
PATHOMECHANISMS
NCGS is a clinical syndrome characterized by both
intestinal and extraintestinal symptoms, which are
responsive to gluten (wheat) withdrawal from the diet.
The mechanisms by which gluten induces symptoms
in NCGS are largely unknown, but their difference
from those present in CD and wheat allergy appears
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While the researchers’ attention is focused on
gluten, other molecules also contained in wheat may
be involved in the NCGS symptoms. Among them,
the amylase trypsin inhibitor enzymatic family is a
known trigger of the toll-like receptor-4 pathway of the
innate immune system, stimulating the release of proinflammatory cytokines in cells from CD and non-CD
[22]
patients and biopsies . Other authors have indicated
that the fermentable oligosaccharides, disaccharides,
monosaccharides and polyols-present in wheat
(fructans) and other foods and known as FODMAPs-are
important factors in causing unspecific gastrointestinal
symptoms (especially bloating). These poorly absorbed
short-chain carbohydrates are fermented in the colon
with gas release, the resulting intestinal distension
being at the base of reported symptoms. In a placebocontrolled, crossover rechallenge study, Biesiekierski et
[23]
al
found no evidence of a specific dose-dependent
effect of gluten in patients with suspected NCGS
undergoing a low FODMAPs diet. Although graved by
an important nocebo effect, their data suggest that
NCGS might be confused with FODMAP sensitivity, and
gluten might be only a cofactor (or a confounder) when
looking for the origin of gastrointestinal symptoms.
In a recent study, a low FODMAP diet was effective in
controlling gastrointestinal symptoms in patients with
[24]
intestinal bowel disease , thus supporting its use as a
first-line therapy. However, the data from the reported
studies are extremely heterogeneous and even scant
in the case of amylase trypsin inhibitor, thus making
their interpretation difficult. The main bias is caused by
the absence of a clear diagnostic flowchart for NCGS
as all the studies simply enrolled patients clinically
responding to a period of gluten-free dieting without
excluding the placebo effect.

many other studies on NCGS, systemic extraintestinal
symptoms were frequently present: tiredness, lack of
well-being, and neuropsychiatric symptoms such as
headache, anxiety, “foggy mind”, arm/leg numbness, and
depression. Additional extraintestinal manifestations
were as reported: muscle or joint pain, weight
loss, dermatitis, and skin rash. Looking at the data
regarding gluten withdrawal, NCGS is suspected in
children (with fatigue apparently as their most frequent
systemic symptom) and in adults, with a higher
[6,26]
prevalence in females than in males
. Additionally,
there are reports that NCGS is more common in
[26-29]
families with a history of CD
.
There is some overlap between IBS and NCGS. In
fact, in patients fulfilling the Rome Ⅲ criteria for IBS,
mainly in those with diarrhea, both predominant and
in mixed form, NCGS has been diagnosed in a high
percentage of cases: these have been sub-grouped as
[30-32]
having gluten-sensitive IBS
. Similarly, in patients
affected by allergic disorders, a high prevalence of NCGS
has been reported (77/262 patients), thus confirming
the need for a clearer definition of both the syndrome
[33]
and the effects of gluten on the gastrointestinal tract .
An objective approach to NCGS diagnosis is not
available to date, as significant serologic and histologic
markers are lacking; thus, the epidemiology of the
NCGS disorder is quite approximate and not based on
powerful studies. The reported prevalence of NCGS in
the current literature varies between 0.6% and 6%.
The former prevalence rate results from the National
Health and Nutrition Examination Survey program,
based on interviews and medical examinations carried
[34]
out by general practitioners , while the latter rate is
the outcome of the experience by the Tertiary Center
[6]
for Celiac Research at the University of Maryland . At
present, we should consider as affected by NCGS only
those subjects who have been extensively studied to
exclude CD or wheat allergy and have responded to
a blind placebo-controlled gluten challenge, therefore
excluding self-diagnosed self-treated subjects.

HOW MANY PATIENTS WITH NCGS ARE
THERE AND WHICH SYMPTOMS DO
THEY REPORT?
Subjects with NCGS claim a variety of intestinal and/or
extra-intestinal symptoms, similar to those occurring
[25]
in patients affected by CD or IBS . Symptoms occur
after gluten ingestion; they improve/disappear when
gluten is withdrawn from the diet or recur within a few
hours or days on gluten challenge.
In a recent Italian, multicenter prospective survey
of 486 subjects with symptomatic benefit from a
gluten-free diet (62% of these subjects underwent
intestinal biopsy to exclude CD), the large majority
of patients reported more than two associated
[10]
gastrointestinal or extraintestinal symptoms . The
most frequent intestinal symptoms (> 80%) were
bloating and abdominal pain, while more than 50%
of patients reported diarrhea, 27% alternating bowel
habits, and 24% constipation. Also, epigastric pain was
frequent and followed, with decreasing prevalence,
by nausea, aerophagia, gastroesophageal reflux
disease, and aphthous stomatitis. In this study, as in
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HOW CAN WE DIAGNOSE AND TREAT
NCGS?
The main problem concerning NCGS is the absence of
a set of standardized diagnostic criteria. The clinical
picture of NCGS seems very unspecific. Although
some allergic manifestations (urticaria, asthma, labial
edema, etc.) strongly suggest the presence of an
IgE-mediated disorder, the presence of abdominal
discomfort, evacuation disturbances, foggy mind,
chronic fatigue, and unspecific skin manifestations
do not help clinicians in any differential diagnosis.
As a result, when NCGS is suspected, the first step
is represented by the exclusion of other disorders,
especially CD and wheat allergy. Serologic negativity to
anti-transglutaminase IgA and anti-wheat component
IgE antibodies and/or the absence of a duodenal
atrophy at duodenal histology and skin reaction during
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Table 1 Non-celiac gluten sensitivity identikit
Name and definition
Non-celiac gluten/wheat sensitivity is
an intestinal/extraintestinal syndrome
responsive to gluten withdrawal in
absence of CD and WA

Pathogenesis

Prevalence

Diagnosis

Treatment

Multi-factorial, including
innate immunity and direct
cytotoxic effects of gluten

Ranging from 3% to 5%,
though specific studies
are lacking

Via placebo-controlled blind
gluten challenge

No data are available
for guidance

Prior exclusion of celiac disease
and allergy

An on-demand
gluten-free regimen
should be considered

Other molecules are
potentially involved:
Amylase trypsin inhibitor,
FODMAPs

AGA IgG, IELs, basophil
activation and eosinophil
duodenal/colon infiltration are
potential biomarkers
AGA: Anti-gliadin antibodies; CD: Celiac disease; FODMAP: Fermentable oligosaccharides, disaccharides, monosaccharides, and polyols; IELs:
Intraepithelial lymphocytes; WA: Wheat allergy.

[39]

a prick test, are necessary pre-requisites.
Despite the absence of reliable NCGS biomarkers,
some serologic and/or histologic alterations have been
reported: (1) anti-gliadin antibodies IgG class could be
[27]
present in 50% of patients with suspected NCGS ;
(2) cytometric basophil activation is positive in 66%
of patients responding to a wheat blind challenge
associated to duodenal intraepithelial lymphocytosis
[35,36]
and eosinophil infiltration of duodenum and colon
;
and (3) mild duodenal intraepithelial lymphocytosis
could be present in about 50% of NCGS cases,
[10,36,37]
suggesting a microscopic enteritis
.
Once alternative causes of a patient’s clinical status
have been excluded, the second step is to focus on a
link between symptoms and gluten ingestion with an
on/off mechanism. Typically, symptoms would arise
rapidly or at least after a few hours from the ingestion
of gluten-containing food and would disappear
“instantly” once gluten is withdrawn from the diet.
This passage meets some criticism. Firstly, the period
of gluten exclusion to ascertain the symptomatic
response is not standardized, therefore, it is not clear
how long the gluten-free diet should be maintained in
absence of any clinical response. Secondly, the glutenfree dietary regimen during the proof period (if you
pardon the pun) should be kept absolutely strict-the
same way as for CD-to facilitate nutritional control.
Thirdly, how should a gluten-free diet response be
checked and measured, and how great should the
symptomatic improvement be in order to define a
patient responsive to gluten exclusion? Because of
the absence of reliable biomarkers altered by gluten
ingestion, a symptomatic trend can be measured
using scores (as the gastrointestinal symptom rating
scale) validated for functional diseases or visual
[38]
analogue scales . The quantification of symptomatic
improvement is at the base of a common definition
of “gluten-free diet response”. Although necessary, a
response to a gluten-free diet would be insufficient
to define a patient as gluten sensitive, due to the
possibility of a placebo effect, which is known to be
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present in functional diseases . Thus, a third step is
required in order to eliminate or reduce the impact of
the placebo effect in the diagnostic process. To reach
this goal, a double- or at least single-blind challenge
should be proposed to patients while they are on their
gluten-free diet, to make evident the symptomatic
onset during the blind assumption of gluten in a sort of
[40]
n-of-1 process . The problems to be solved here are:
What dosage of gluten? Which vehicle should be used?
How long should the challenge last? Which method to
use for symptoms quantification?

POTENTIAL MANAGEMENT OPTIONS
AND CONCLUSIONS
Once the diagnosis of NCGS is reasonably reached, the
management and follow-up of patients is completely
obscure. A logical approach is to undertake a glutenfree dietary regimen for a limited period (e.g., six
months), followed by the gradual reintroduction of
gluten. During the gluten-free diet, the ingestion
of prolamine peptide (gliadin)-derived from wheat,
rye, barley, oats, bulgur, and hybrids of these cereal
grains-should be avoided. Rice, corn, and potatoes
have been the typical substitutes, but nowadays other
different cereals and pseudocereals, such as amaranth,
buckwheat, manioc, fonio, teff, millet, quinoa, and
sorghum, can be used. After some period on a glutenfree diet, the reintroduction of gluten can start with
cereals of low gluten content (e.g., oats). In addition,
einkorn farro (Triticum monococcum) can be used,
having no direct in vitro or ex vivo toxicity and low (7%)
[41]
gluten content .
Chronically, gluten-free-diet periods can be
administered during symptomatic relapses as a sort
of “on-demand” therapy. NCGS is a clinical syndrome
hampered by many obscure sides (summarized in
table 1). Its pathogenesis and clinical presentation
are not clear, and the diagnostic flowchart and patient
management are not standardized. However, in the
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epidemiologic dimension, the possibility to spare a
large number of patients undergoing a drug-based
therapy with side effects and costs is intriguing and
makes NCGS a hot topic in gastroenterology.
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EDITORIAL

Genomic medicine in gastroenterology: A new approach or
a new specialty?
Sonia Roman, Arturo Panduro
Man’s early conception of illness was naturally holistic or
integrative. However, scientific knowledge was atomized
into quantitative and qualitative research. In the field
of medicine, the main trade-off was the creation of
many medical specialties that commonly treat patients
in advanced stages of disease. However, now that we
are immersed in the post-genomic era, how should we
reevaluate medicine? Genomic medicine has evoked
a medical paradigm shift based on the plausibility to
predict the genetic susceptibility to disease. Additionally,
the development of chronic diseases should be viewed
as a continuum of interactions between the individual’
s genetic make-up and environmental factors such as
diet, physical activity, and emotions. Thus, personalized
medicine is aimed at preventing or reversing clinical
symptoms, and providing a better quality of life by
integrating the genetic, environmental and cultural
factors of diseases. Whether using genomic medicine
in the field of gastroenterology is a new approach or
a new medical specialty remains an open question.
To address this issue, it will require the mutual work
of educational and governmental authorities with
public health professionals, with the goal of translating
genomic medicine into better health policies.
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Core tip: New knowledge is growing on how genes
are involved in the physiopathology of liver and gastro
intestinal diseases and how environmental factors,
such as diet, physical activity, and emotions modulate
the onset and progression of chronic disease. In the
era of genomic medicine, gastroenterologists and
hepatologists should be determined to integrate
genetic, environmental and cultural factors into medical
practice to prevent or reverse medical symptoms.

Abstract
Throughout history, many medical milestones have
been achieved to prevent and treat human diseases.
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Orandum est ut mens sana in corpore sano sit [Juvenal/55 AD]
(body-mind-spirit)
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R. Descartes
[XVIII century]

Quantitative research

INTRODUCTION

Genes and
bioinformatics

Throughout past and present history, humans have
sought cures for their illnesses based on whatever they
[1,2]
believed was the cause of the malady in question .
In the ancient world, Greek medicine was influenced
by Hippocrates’ theorem, which proposed that diseases
arose in response to a natural imbalance of four basic
humors and that treatment could be accomplished
[1,3]
by means of balancing the opposites . Among the
world’s oldest medical techniques is the traditional
Chinese Medicine method of using acupuncture to
unblock the body’s energy channels or meridians to
[1,4]
restore health . The practitioners of Indian Ayurvedic
medicine promote the use of herbal compounds and
special diets based on their conceptions about what
[1,3,5]
causes health and disease
. During the Middle Ages
in Europe diseases were perceived as a consequence
of people’s sins; in this case, treatment consisted of
prayer and herbalism. The practice of alchemy also
arose during this time, which became a protoscience
of medicine that later produced a broad range of
contributions to chemistry and the physical sciences.
Although Hippocrates is considered the “Father
of Medicine”, it wasn’t until the introduction of the
scientific method, inspired by Rene Descartes’
“Discourse on Method,” that medicine began its next
[6]
stage of development . Major progress began when
the previously concealed dissection of the human
body gave rise to the subject of anatomy, which later
[7]
enabled the improvement of surgical procedures . The
development of the microscope fostered the transition
from the macroscopic world to the microscopic scale,
impacting two fields of knowledge: the study of human
tissues and cells and the study of microorganisms.
These two areas of study led to the fields of cell biology
and bacteriology (and, later on, virology), respectively,
and inspired Louis Pasteur’s germ theory of disease, in
addition to the development of antiseptics/antibiotics
[8]
and vaccines .
However, it was not until the twentieth century
that scientific medicine emerged. The development
of biochemistry and physiology significantly advanced
the understanding of many metabolic processes and
laid the foundation for the fields of pathophysiology
and pharmacology. These discoveries were the
starting point of the current paradigm that exists
in scientific-based medicine, which relies on either
surgical intervention or drug therapy to treat disease.
Additionally, the discovery of the double-stranded
[9]
DNA molecule in the 1950’s by Watson and Crick
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Figure 1 Esquematic representation of genomic medicine: a new
paradigm shift or “back to the future”.

was a significant step forward in the field of molecular
biology. Decoding the DNA of the prokaryotic bacterial
cell led to the “one gene, one ribosome, one protein”
[10]
hypothesis . In the early 1980’s, recombinant DNA
techniques based on the combined use of the PBR422
[11]
plasmid and restriction enzymes
enabled the
cloning of other biologically relevant DNA sequences
and marked the beginning of the pre-genomic era.
The genomic era began nearly 20 years later with the
sequencing of the entire human genome in the year
[12,13]
2000
.
What’s next in medicine? We began this editorial
with a brief overview of the world’s history of medicine
to elicit only one question: How should these medical
milestones be reevaluated, especially now that we are
immersed in the post-genomic era?

PARADIGM SHIFT IN MEDICINE, OR
“BACK TO THE FUTURE”
Interestingly, the 2000-year-old Biblical verse that
asks “Do you not know that your bodies are temples
of the Holy Spirit, who is in you, whom you have
received from God?” (Corinthians 6:19) is the ancient
predecessor of the expression “Orandum est ut mens
sana in corpore sano sit”, a phrase which has been
ascribed to the Roman poet Juvenal, author of the
famous Satires. From this famous Latin aphorism
emerges the medical proverb “Body, Mind and
Spirit”, which describes the ideal triad necessary for
maintaining or restoring health (Figure 1). However,
following the onset of the Descartian method, only
the measurable corporal phenomenon that could be
proven rationally was considered to be science. Thus,
quantitative studies became used to reinforce the
paradigm of providing medical treatment by either
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[2,14]

surgery or prescription drugs
. Unfortunately, the
formal study of how spirituality and emotions affect
health fell outside of the scientific context of that time,
only to be taken up years later by religious leaders
or professionals in the fields of behavioral and social
[2,14,15]
sciences
.
Interestingly, modern day genomic-era scientists
have been faced with an unexpected paradox. They
realized that the massive human DNA blueprint making
up the “book of life” was insufficient to understanding
[16]
how the human body works , i.e., what makes us
get sick and how can we heal. However, there is now a
consensus that additional environmental factors have
been interacting with the human genome for millennia,
thus contributing to man’s evolution. Some of these
factors include diet, physical activity, and emotions/
[17]
spirituality . Overall, the advent of genomic medicine
has evoked a medical paradigm shift caused by the
effects that the evolving and dynamic interactions
between the human genome and the environment
[18]
have on the processes of the human body . This
shift in medical thinking is providing new knowledge
into what makes people either prone or resistant to
chronic diseases and is laying the framework needed
to establish strategies for disease prevention and the
[19]
development of new therapeutic interventions . Thus,
genomic medicine, with the aid of bioinformatics and
biotechnology, should enable greater understanding
[20]
of the medical aspects of human disease . Such
understanding may be achieved by studying the
complex interaction between genes, the environment
and culture with the goals of preventing illness and
[21]
treating diseases .

problem, an infectious disease specialist will treat the
viral infection, a hepatologist or gastroenterologist
will treat the liver damage, and a cardiologist will
treat any vascular problems. Similarly, in alternative
medical fields such as medical molecular biology or
the behavioral and social sciences, health professionals
approach patients with chronic disease from their
respective points of view (Figure 2).
For this reason, the paradigm shift toward genomic
medicine should focus more on disease prevention
and less on treating patients at advanced stages of
[24]
disease . Genomic medicine can empower both
physicians and their patients to more effectively prevent
chronic disease, particularly if we come to understand
the key genome-environmental interactions that affect
our health. Furthermore, because these interactions
regularly occur, chronic diseases should be looked upon
as a continuum of bodily (unhealthy) changes that occur
over the course of a lifetime. For example, obesityrelated chronic diseases may advance through four
stages of development: induction, progression, clinical
[25]
complications, and death
(Figure 3). The induction
phase begins in young adults between approximately
18 to 25 years of age. During this period of life the
balance between caloric intake and expenditure can be
lost as a once active person stops regularly exercising
and becomes less physically active. As he or she enters
into a sedentary lifestyle, which is associated with
increased caloric intake, metabolic abnormalities may
become manifest. First comes dyslipidemia and weight
gain, followed by a gradual increase in blood glucose,
which in turn raises serum insulin. Hyperglycemia and
hyperinsulinemia develop next, followed by insulin
resistance and, finally, overt type 2 diabetes mellitus.
However, a period of 20 to 30 years may have elapsed
between the start of induction and the advent of overt
disease, and many patients present with additional
medical complications by the time of diagnosis. For this
reason, if we are to advance to old age in better health,
we must ideally avoid the induction and progression
stages of chronic disease (Figure 3). Thus, if a patient
is either only gradually progressing through or just
starting at an early stage of disease the best approach is
to try to halt or reverse the physiopathological process,
whereas in cases of patients that are in advanced
stages of disease the goal of treatment is the provision
of a better quality of life.
However, co-morbidities are often associated with
the same periods of the induction and progression
stages of illness. For example, among the Mexican
population the consumption of alcohol starts at
[26]
adolescence . The period between the initiation of
drinking and the development of alcohol dependence
[26]
and addiction is usually 25 to 30 years . In the case
of viral hepatitis and HIV, sexual promiscuity plays
a predominant role as one of the major risk factors,
as well as the exposure to viral hepatitis by contact
[25,27]
with contaminated biological fluids
. As discussed

What is making us sick and how should we manage
illness?

The major public health obstacles of any given country
or region are the diseases that cause the highest
rates of mortality. In Latin America, as well as in
several other developed countries, non-communicable
chronic diseases are the foremost illnesses that affect
[22,23]
people
. Most of these illnesses are caused by the
ongoing obesity epidemic, and include cardiovascular
disease, diabetes, cirrhosis, and cancer, as well as
alcoholism. Obese patients commonly seek medical
attention only once the clinical complications of obesity
have become manifest, e.g., insulin resistance or type
2 diabetes, dyslipidemia, impaired distal circulation,
nonalcoholic steatohepatitis (NASH) or vascular brain
disease, among others. Furthermore, chronic illnesses
frequently occur with co-morbidities. For example,
alcoholism is frequently combined with some degree
of liver damage due to NASH or viral hepatitis.
Subsequently, this creates a costly burden for both the
patient and the health care system because medicine
is increasingly comprised of specialists that only treat
one facet of a disease. For example, in the case listed
above, an endocrinologist will control the metabolic
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Figure 2 From medical specialties to genomic medicine. The same patient usually requires consultation by different medical specialists. However, from a genomic
medicine viewpoint, modern medicine should be integrative to prevent or halt chronic disease at an early stage of development.
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Figure 4 Overweight and obesity influence the onset of insulin resistance
syndrome, a primary stage towards the development of type 2 diabetes
mellitus, cardiovascular disease, nonalcoholic steatohepatitis fibrosis
and cirrhosis. DM2: Type 2 diabetes mellitus; CVD: Cardiovascular disease;
NASH: Nonalcoholic steatohepatitis.

above, 25 to 30 years may pass between the onset of
infection and the onset of liver damage and cirrhosis.
In the case of NASH it has been observed that liver
damage may be detectable as early as ten years after
a patient initially becomes overweight or obese. The
result is that an individual who becomes overweight
or obese may become addicted to alcohol, infected
with a hepatotropic virus and/or may be susceptible to
[28]
developing NASH . Furthermore, patients suffering
from obesity or type 2 diabetes may also have
cardiovascular disease (Figure 4).

WJG|www.wjgnet.com

DM2

However, most physicians know from experience
that not every obese patient will progress to type
2 diabetes. Likewise, not all those who consume
excessive alcohol will develop cirrhosis because some
patients are more prone than others to developing
[29]
liver damage . Furthermore, NASH generally only
manifests in obese patients who are genetically
susceptible to the disease. In the case of viral hepatitis,
not every infected patient will progress to cirrhosis and
[30]
hepatocellular carcinoma . Therefore, the variance
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[34]

circadian cycle
(Figure 5). However, not all SNPs
and environmental factors are alike in all individuals,
which results in variability in the worldwide distribution
of SNPs and non-genomic risk factors within the global
[35,36]
population
.
With the advent of the Human Genome Project
came an onslaught of novel medical technology that
was based on the newly available human genetic
[37]
data . A current goal of genetic and genomic research
is the identification of panels of SNPs that can be
associated with complex common diseases, to better
understand which populations are at risk of developing
[38]
specific health conditions (e.g., colorectal cancer) .
Additionally, next generation sequencing technologies
have advanced from whole-genome to whole-exome
sequencing (WGS/WES) to better identify DNA variants
[39]
that are associated with disease . Likewise, genomewide association studies analyze the relationship
between the distribution of SNPs and disease outcomes
[40]
among distinct human populations worldwide .
Given these advanced technologies, several genomic
catalogs currently serve as complementary resources
to the Online Mendelian Inheritance in Man database
(http://www.omim.org), including the Human HapMap
Project, the 1000 Genome Project, the Human Gene
Mutation Database, and, most recently, the reference
genes of the Human Gut Microbiome Project and
[41,42]
Human Epigenome Project
. Furthermore, current
research is focused on integrating these different
genomic datasets to aid in the discovery of associations
between genetic variants, expression quantitative trait
[43]
loci (eQTLs), and disease phenotypes . Altogether,
these findings have had great impact on the practice
of medicine and will continue to do so as we better
refine disease prevention and treatment strategies
based on the genome/environmental interactions that
occur on the level of each individual, hence the term
[44]
“personalized medicine” .

Complex diseases
Chromosomopathies
Inborn errors
of metabolism

Gestation

At birth and
adolescence

-

IR
Obesity
NASH
DM2
Cirrhosis

Adults

Figure 5 Impact of molecular biology in medicine: From cytogenetics to
the study of complex diseases. DM2: Type 2 diabetes mellitus; IR: Insulin
resistance; NASH: Nonalcoholic steatohepatitis.

in a patient’s susceptibility to developing a chronic
disease seems to involve two important factors: genes
and the environment.

GENETIC FACTORS
The genetic factors that modify the expression of genes
comprise a broad range of structural and functional
variations of the DNA molecule. The history of clinical
genetics dates back to the time when chromosomal
disorders, such as abnormalities in the structure or
number of chromosomes, were associated with a
particular syndrome. In general, these disorders are
accompanied by congenital malformation, growth
retardation, and short stature. Severe chromosomal
abnormalities that arise in utero usually lead to
[31]
miscarriage or the premature termination of gestation .
Further advances have spurred the investigation
of pathologies that are associated with innate errors
of metabolism, which can be identified by biochemical
and genetic testing. Although the genetic defect
may be diagnosed during the first few years of life,
offspring born with these metabolic disorders are
generally healthy at birth. These and other single-gene
(monogenic) pathologies are denoted as Mendelian
inheritance disorders and generally result from de
novo or inherited mutations that are transmitted to
[32]
offspring as dominant, recessive or X-linked traits .
For example, in the case of obesity-related disorders,
a single structural change in one gene may lead to
rare genetic diseases such as Prader-Willi, Fraser[33]
Jequier-Chen, Alström or Bardet-Biedl syndromes .
In contrast, complex diseases (e.g., cardiovascular
disease, cancers, type 2 diabetes, cirrhosis, obesity)
are associated with multiple risk factors, i.e., the risk
of disease arises from more than one gene (polygenic)
[32]
interacting with different environmental factors . By
this definition, common obesity can be considered a
polygenic disease because of its association with single
nucleotide polymorphisms (SNPs) that encode allelic
forms of proteins that act in lipid and carbohydrate
metabolism, the regulation of food appetite and the

WJG|www.wjgnet.com

ENVIRONMENTAL FACTORS
Among numerous environmental factors, diet, physical
activity, and emotional state may all serve to modulate
man’s genetic susceptibility to chronic disease.

Diet

The ingestion of unhealthy food is one of the main
factors associated with chronic disease. As discussed
above, these diseases often begin at a young age,
as an individual begins to become overweight, and
then progress in response to obesity. Over the past
30 years, people in modern societies worldwide have
acquired unhealthy lifestyle habits such as spending
increasing amounts of time engaging in activities
requiring very little energy expenditure and engaging in
[45]
less exercise than before . Additionally, the majority
of obese patients have a high intake of calories in
conjunction with reduced energy expenditure. If one
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considers obesity to be a mismatched disease
it is
easy to understand how young people with unhealthy
food habits gradually gain weight over their lifetimes,
eventually leading to the development of specific
dyslipidemias.
Dyslipidemia may be a primary or secondary lipid
disorder; the former is gene-related and the latter
is associated with the eating habits of an individual
[46]
or a population . Dyslipidemia that presents in the
form of hypertriglyceridemia represents a critical risk
factor for the development of insulin resistance and
[47]
liver fibrosis , whereas hypercholesterolemia is
[48]
associated with cardiovascular disease . Furthermore,
these altered metabolic states are associated with
glucotoxicity and lipotoxicity in target organs, in addition
to systematic inflammation that further deteriorates
[49]
bodily health .
Global rates of obesity have risen dramatically, and
Mexico has one of the world’s highest proportions of
[50]
overweight and obese adults . Genetically, Mexicans
are both ApoE2 and ApoE4 carriers according to the
[51]
population’s ancestral background . The former has
been associated with hypertriglyceridemia and the
latter has been associated with hypercholesterolemia.
Unhealthy Mexican diets are also hepatopathogenic
because they consist of large quantities of simple
carbohydrates and saturated animal fats and are
[52,53]
low in fiber, vitamins and minerals
. The chronic
consumption of this type of diet in conjunction with the
genetic makeup of the population offers an explanation
for the high prevalence of hypertriglyceridemia,
hypercholesterolemia, and mixed dyslipidemia within
Mexico, each of which are in turn risk factors for
[54]
further metabolic complications .
With regard to the link between diet and inflam
mation, research into how the gut microbiome impacts
health and disease has become a rapidly growing
[55,56]
field
. Among the multiple causes of obesity and
obesity-associated chronic diseases is the shift in
dietary preferences from traditional/ethnic staple
foods to more processed/industrial foodstuffs, a
[50]
change which has altered the natural microbiome .
These foods have a high energy density and lack the
natural and vital ingredients that act as antioxidants,
which limits their capacity to inhibit inflammation and
potentially prevent liver fibrosis. Furthermore, this
so-called Western diet has been associated with an
[57]
[58]
increased rate of food allergies , Crohn’s disease ,
[59]
ulcerative colitis , gastritis and gastroesophageal
[60]
reflux disease . Many of these conditions can be
avoided if we focus on the relationship between health
[61,62]
and the microbiota
.

activity must be differentiated from exercise, which
is defined as a physical activity that is performed
[63]
systematically in a timely manner . Engaging in
physical activity is another important factor toward
maintaining good general health. There was once
a myth among patients and physicians that those
suffering from viral hepatitis just needed to rest and
eat plenty of sweets. Currently, patients with NASH
can reverse liver damage during the early stages of
fibrosis by ensuring that they are of healthy weight,
or alternatively by losing 10% of their original body
[64]
weight over the course of six months . This may be
achieved by instructing the patient to increase physical
activity or formally exercise, in addition to adopting
a low-calorie diet. It is important to note that it is
unlikely that the patient will succeed in losing weight
if the indicated diet is not prescribed together with
[65]
physical activity or exercise .
Regular exercise and/or increased physical activity
may improve insulin sensitivity and cause significant
metabolic changes in the lipid and glucose profiles of
[66]
patients with initial or on-going chronic disease .
Additionally, physical activity can counteract low
metabolic rates, improve the cardiovascular system,
and promote a faster rate of weight loss than diet
alone, in addition to promoting a feeling of well-being
[66]
and alleviating psychological stress .

Emotions

Studies of the impact of emotions and spirituality on
physical health make up a qualitative field of medical
research that has been almost completely disregarded
[2,14]
by health professionals
. Spiritual issues are mainly
attended to by religious leaders, while altered states
of emotional and mental health are the purview of
psychologists and psychiatrists. However, with recent
advances in molecular biology and the development
of genomic medicine we can now begin to link genes
to emotions. For instance, several polymorphisms
may influence the response of an individual to the
environment and thus influence an individual’s
response to different emotions. One such example
158
is the Val Met polymorphism of the catechol-Omethyltransferase gene, which metabolizes dopamine
158
and norepinephrine. The Met
polymorphism
encodes an unstable enzyme that increases the levels
of dopamine in the prefrontal cortex generating a
158
“worrier” personality type whereas the Val allele can
[67]
generate a “warrior” personality type . Individuals
158
with the “warrior” Val
allele perform worse on
memory tests and at work, and in terms of executive
cognition. Furthermore, individuals with the “warrior”
158
Val allele tend to have stronger emotions, reduced
pain thresholds and an increased resistance to
[67]
stress .
Overall, the worldwide adoption of healthier
lifestyle habits has proven to be a difficult undertaking.
Many factors are involved in the lack of compliance in

Physical activity

All activity generates some degree of caloric expen
diture; thus any person that is not resting in a bed
(sleeping) is undergoing some caloric expenditure
through physical activity. However, routine physical
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ApoE: Apolipoprotein E; ADH: Alcohol dehydrogenase; CYP2E1: Cytochrome P450 2E1; ALDH: Aldehyde dehydrogenase; DRD2: Dopamine receptor D2. NASH:
Nonalcoholic steatohepatitis; DM2: Type 2 diabetes mellitus.

following medical indications on how to regain health.
However, with regard to obesity, as is the case with
any chronic disease, health professionals might be
better at motivating more patients if they personally
act to acquire healthier lifestyle habits, thus leading by
example.

more prevalent. Finally, there are genes that have been
found to be associated with sustained viral responses
in patients being treated with antiviral therapy for viral
[72]
hepatitis C .
Additionally, because many chronic diseases are
related to nutrition, nutritional genomics has provided
a new scope for the dietary management of these
[73]
diseases . As in the paradigm of personalized
medicine, practitioners of nutritional genomics recom
mend a diet plan based on an individual’s genetic
profile, in addition to the principles of conventional diet
[50]
therapy and lifestyle modifications . Furthermore,
differences in the food preferences and types of food
consumed between different populations are also
considered to have evolved in response to gene-nutrient
[50]
interactions . Currently, nutritional genomic research is
unraveling the evolutionary aspects that have influenced
the selection of genes that cause modern-day chronic
[50,73-75]
diseases
. As shown in Figure 6, this integrated
approach of genomic medicine provides a new medical
paradigm for disease prevention and treatment.

FINAL CONSIDERATIONS
From bench to bedside

Genomic medicine was once believed to be a promise
of science fiction that would never progress into an
actual practice; however, numerous medical disciplines
have recently found applications to using this medical
approach. For instance, individualized medicine has
arisen in the clinical practices of gastroenterology and
[68]
hepatology . Several SNPs have been proposed that
are believed to influence whether an alcoholic patient
[26]
is either resistant or sensitive to liver damage .
Additionally, genes that control alcohol metabolism,
genes that control addiction, and, more recently, genes
which influence an individual to favor the taste of alcohol
[26,69,70]
are all currently under investigation
. Several genes
have been identified that influence the susceptibility
of an individual to liver damage, which may explain
why not all patients who are overweight or obese will
develop NASH. Additionally, there are various genes
that have been proposed to serve as genetic markers
to help identify patients that may develop liver damage
faster and more severely than others, who appear to
[29,71]
tolerate liver damage for long periods of time
. In
the first group the presence of hepatocellular carcinoma
[30]
is usually very rare , whereas in the second group it is
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Perspectives

Any scientific knowledge that causes a paradigm shift
should eventually modify university curriculums. All
professionals in the field of health science should strive
to stay updated in their field, and genomic medicine
is at present a reality. Thus, changes in curricula for
medical and other health sciences students, residents
[76,77]
and health professionals are only the beginning
.
Furthermore, issues regarding the ethical, legal and
social implications of human genomics in many fields of
medicine, including gastroenterology, remain unresolved
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[38]

and controversial . Although pre-test genetic coun
seling is formally handled by clinical geneticists, the
delivery of genetic results by gastroenterologists and
hepatologists may present a challenge that requires the
acquisition of new training skills.
Therefore, whether using genomic medicine in
the field of gastroenterology is a new approach or a
new medical specialty remains an open question. Any
decision made with regard to that matter will require
the mutual work of educational and governmental
authorities with public health professionals, with the
goal of translating the knowledge generated in the
field of genomic medicine (gene discovery and geneenvironmental associations) into better health policies.
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TOPIC HIGHLIGHT
2015 Advances in Colorectal Cancer

CREB-binding protein, p300, butyrate, and Wnt signaling in
colorectal cancer
Michael Bordonaro, Darina L Lazarova
the transcriptional coactivators CREB-binding protein
(CBP) and p300 in Wnt/β-catenin signaling and cell
physiology in colorectal cancer (CRC). Specifically,
we focus on the effects of CBP- and p300-mediated
Wnt activity on (1) neoplastic progression; (2) the
activities of butyrate, a breakdown product of dietary
fiber, on cell signaling and colonic cell physiology; (3)
the development of resistance to histone deacetylase
inhibitors (HDACis), including butyrate and synthetic
HDACis, in colonic cells; and (4) the physiology and
number of cancer stem cells. Mutations of the Wnt/
β-catenin signaling pathway initiate the majority of
CRC cases, and we have shown that hyperactivation of
this pathway by butyrate and other HDACis promotes
CRC cell apoptosis. This activity by butyrate may in
part explain the preventive action of fiber against
CRC. However, individuals with a high-fiber diet may
still develop neoplasia; therefore, resistance to the
chemopreventive action of butyrate likely contributes
to CRC. CBP or p300 may modify the ability of butyrate
to influence colonic cell physiology since the two
transcriptional coactivators affect Wnt signaling, and
likely, its hyperactivation by butyrate. Also, CBP and
p300 likely affect colonic tumorigenesis, as well as
stem cell pluripotency. Improvement of CRC prevention
and therapy requires a better understanding of the
alterations in Wnt signaling and gene expression that
underlie neoplastic progression, stem cell fate, and the
development of resistance to butyrate and clinically
relevant HDACis. Detailed knowledge of how CBP- and
p300 modulate colonic cell physiology may lead to new
approaches for anti-CRC prevention and therapeutics,
particularly with respect to combinatorial therapy of
CBP/p300 inhibitors with HDACis.
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This paper reviews the distinctive roles played by
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To summarize, Wnt/β-catenin signaling, which is
deregulated by mutations, leads to moderate Wnt
activity levels that promote colonic cell proliferation
and tumorigenesis; however, relatively high and
relatively low levels of the same signaling activity lead
to increased CRC cell apoptosis and repressed cell
[1,2,17,28,29]
proliferation
.

Core tip: Deregulated Wnt/β-catenin signaling is res
ponsible for initiating most human colorectal cancer
(CRC), and hyperactivation of this pathway by histone
deacetylase inhibitors such as butyrate, derived from
dietary fiber, promotes CRC cell death. The tran
scriptional cofactors CREB-binding protein (CBP) or
p300 affect Wnt signaling and the hyperactivation of
this pathway by butyrate. CBP and p300 likely affect
colonic tumorigenesis, stem cell fate, and butyrate
resistance in CRC. Therefore, pharmacological or genetic
methodologies that target CBP- and p300-mediated
Wnt activity are possible preventive or therapeutic
approaches against CRC.

CREB-binding protein, p300, butyrate, and Wnt signaling

The physical association between β-catenin and the
histone acetylases CREB-binding protein (CBP) and
[30-34]
[35-39]
p300
, which are cotranscriptional factors
,
[30-33]
influences Wnt/β-catenin signaling
. CBP-mediated
Wnt signaling has been associated with colonic cell
proliferation, and p300-mediated Wnt activity promotes
[30-39]
differentiation
. The interaction between CBP and
Wnt signaling can be evaluated utilizing the small
molecule inhibitor ICG-001 that binds to CBP but not
[30]
to p300 . ICG-001 downregulates Wnt transcriptional
activity in CRC cells by suppressing the association
between CBP and β-catenin without blocking p300/
[30]
β-catenin association . Treatment of cells with
ICG-001 enhances p300/β-catenin association at the
expense of CBP/β-catenin association, promoting
cellular pathways that favor differentiation and/or
[30-33]
apoptosis and repress cell proliferation
. Thus,
ICG-001 inhibits CRC cell proliferation, increases
apoptosis as measured by caspase activity, and inhibits
[30,33]
expression of the anti-apoptotic factor survivin
.
A water soluble version of ICG-001 reduced the
Min
formation of intestinal neoplasms in the APC mouse
[30]
model of CRC , and the second generation CBP[31,40]
Wnt inhibitor PRI-724 is in clinical trials
. Thus,
although CBP and p300 have pleiotropic effects on
gene expression and cell physiology, these findings
clearly indicate differential roles for CBP- and p300mediated Wnt signaling in colonic cell physiology. In
summary, these studies suggest that Wnt signaling
can be divided into CBP-mediated and p300-mediated
components, with CBP-Wnt activity promoting cell
proliferation, while p300-Wnt activity is associated with
cell differentiation and, possibly, apoptosis.
HDACis are promising agents against mali
[15,16]
gnancies
, including CRC. In addition to the already
recognized therapeutic uses of synthetic HDACis, the
production of the HDACi butyrate from dietary fiber
in the human colon and the effects of butyrate on
CRC cells suggest that dietary HDACis play a role in
[1,2,17,28,29]
CRC prevention
. HDACis may influence the
ability of CBP and p300 to modulate Wnt/β-catenin
activity and affect colonic cell physiology. Therefore,
studies have been conducted to evaluate how CBP and
p300 activity influence butyrate-mediated effects on
Wnt activity and cell physiology in colonic adenoma
and butyrate-sensitive and butyrate-resistant colonic
[41-43]
carcinoma cells
.
While all studied human CRC cells expressed

Bordonaro M, Lazarova DL. CREB-binding protein, p300,
butyrate, and Wnt signaling in colorectal cancer. World J
Gastroenterol 2015; 21(27): 8238-8248 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i27/8238.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i27.8238

WNT SIGNALING, BUTYRATE, AND
CREB-BINDING PROTEIN /P300
Dietary fiber, colorectal cancer, and Wnt signaling

[1-5]

The anti-colorectal cancer (CRC) protective effect
of dietary fiber has been attributed to its fermentation
[6-10]
product butyrate
, a histone deacetylase inhibitor
[11]
(HDACi) . HDACis, which are current or proposed
[1,2,12-14]
chemotherapeutic agents, induce apoptosis
, CRC
[1,2,15-17]
cell cycle arrest, and/or differentiation in vitro
.
[18-23]
Deregulated Wnt/β-catenin signaling
, involving
[23,24]
, is responsible for
β-catenin and Tcf/Lef factors
[25-27]
most CRCs
, and in these cells HDACis hyperactivate
[1,2,17]
the Wnt/β-catenin pathway
. Exciting new fin
[18]
dings
suggest one mechanism whereby this hype
ractivation takes place at Wnt target genes. Thus,
the repressor p15RS inhibits Wnt/β-catenin activity
by recruiting HDAC2 to Wnt target gene promoters,
where it associates with Tcf4 and maintains histone
H3 in a deacetylated state. In this scenario, β-cateninTcf4 association is disrupted and transcription from
Wnt target gene promoters is repressed; HDACis
interfere with the activity of p15RS and HDAC2 at these
promoters, upregulating canonical Wnt transcriptional
[18]
activity . Wnt hyperactivation has important con
sequences for CRC cell physiology. Butyrate and other
HDACis induce CRC cell apoptosis, and we have shown
that Wnt signaling hyperactivation promotes high levels
[1,2,17]
of apoptosis
. Thus, there is a causative linear
relationship between fold-induction of Wnt activity
and the degree of apoptosis in CRC cells exposed to
butyrate. In agreement with these findings, abrogation
of Wnt/β-catenin activity in CRC cells markedly
[1]
reduces the levels of butyrate-induced apoptosis .
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[41,42]

CBP
, differences in p300 expression have been
detected. Thus, butyrate-sensitive HCT-116 and
SW620 CRC cells express p300; butyrate-resistant
HCT-R cells, which were derived from HCT-116 cells,
[41,42]
do not
. Treatment with ICG-001, which specifically
targets the association of CBP, but not of p300, with
β-catenin, inhibited basal and butyrate-induced
[41-43]
Wnt signaling in all CRC cell lines studied
. Both
ICG-001 and butyrate were shown to reduce HCT-116
and SW620 cell proliferation; however, ICG-001
interfered with butyrate-induced apoptosis in SW620,
[41]
but not HCT-116, CRC cells . Butyrate-mediated
apoptosis in SW620 cells was reduced by ICG-001,
but it was not completely abrogated, since (1) p300mediated Wnt activity remains intact after treatment
[30]
with ICG-001 ; and (2) butyrate exerts both Wnt
signaling-dependent and Wnt signaling-independent
[1,2]
effects on CRC cell apoptosis
. Most likely, the
differential modulation of butyrate-mediated apoptosis
by ICG-001 in the CRC cell lines is at least partially due
to the relative utilization of CBP-mediated vs p300mediated Wnt activity in each CRC cell line.
Modulation of cell cycle progression and proliferation
can also affect apoptosis. Therefore, the differential
effects of ICG-001 on butyrate-induced apoptosis
in CRC cells could be due to the variable effects of
ICG-001/butyrate treatment on cell proliferation,
through modulated expression of the cell cycle
inhibitor p21 and the anti-apoptotic factor survivin (a
[33,41]
gene targeted by CBP-mediated Wnt signaling)
.
Significantly, ICG-001 has more marked effects on
proliferation and cell cycle arrest in SW620 cells than in
HCT-116 cells, and the effects of butyrate and ICG-001
on p21 and survivin expression differ between these
[41]
two cell lines .
ICG-001 was shown to repress butyrate-induced
Wnt activity, and knockdown of p300 with siRNA
[42]
also repressed butyrate-mediated Wnt signaling ;
therefore, CBP and p300 activities are both required
for the hyperactivation of Wnt signaling by butyrate.
It is likely that butyrate upregulates separate CBPand p300-mediated components of Wnt activity,
which both contribute to the overall hyperactivation
of Wnt signaling observed in butyrate-treated CRC
cells. Targeting CBP vs p300 activity can have different
effects on butyrate-mediated changes in CRC cell
physiology. For example, unlike ICG-001 treatment,
partial p300 knockdown did not affect HCT-116 or
SW620 CRC cell proliferation in the presence or
[42]
absence of butyrate ; this lack of effect may be
due to differences in the function of CBP and p300 in
these cell lines. However, the role of p300 in butyratemediated CRC cell proliferation is likely cell typespecific; thus, findings from CRC cells that naturally
lack p300 expression suggest that p300-Wnt activity
is required for optimal butyrate-mediated repression
[42]
of cell proliferation (see below) . Thus, upregulation
of the specific p300-mediated component of Wnt
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signaling by butyrate may be responsible for that
agent’s activity in promoting CRC cell apoptosis,
consistent with previous reports that p300-Wnt
activity is associated with differentiation (and possibly
apoptosis), while CBP-Wnt activity is more pro[30-33]
proliferative
. The relative effects of butyrate
upregulation of CBP-Wnt vs p300-Wnt activities likely
determine the final cell fate, and would differ on a celltype dependent basis. Thus, in summary, modulating
distinct CBP-mediated and p300-mediated components
of Wnt/β-catenin activity (e.g., by ICG-001, siRNA,
HDACis) may differentially affect CRC cell physiology
(e.g., proliferation vs differentiation/apoptosis cell fate)
[41-43]
in a cell type-specific manner
.

Combinatorial therapy and effects on apoptosis

Both relatively high and low levels of Wnt/β-catenin
activity can promote apoptosis of colonic cells
[1,2,17,28,29]
with activating mutations in the pathway
.
Interference between butyrate and ICG-001 on
apoptosis in certain CRC cells can be explained by the
fact that butyrate upregulates Wnt activity; whereas,
ICG-001 suppresses that activity. The hyperactivation
of Wnt signaling by butyrate is responsible for part,
albeit not all, of that agent’s ability to promote CRC
[1]
cell apoptosis ; on the other hand, ICG-001 can
[30-33]
activate apoptosis by repressing Wnt activity
.
However, in certain CRC cell lines butyrate and
ICG-001 cooperate to enhance Wnt activity-dependent
effects on apoptosis and proliferation, and this requires
explanation.
One possibility is that ICG-001 has both Wnt
activity-independent as well as Wnt activity-dependent
effects on colonic cell physiology. Thus, one study
suggested that ICG-001 may enhance apoptosis in
multiple myeloma cells in a Wnt activity-independent
[44]
manner , although that study did not distinguish
between the effects of CBP-Wnt and p300-Wnt activity.
However, it has been shown that in colonic cells
[30-43]
ICG-001 has significant Wnt-dependent effects
.
Thus, a Wnt activity-specific mechanism to explain our
findings is that ICG-001, a specific inhibitor of CBPmediated Wnt signaling, represses the CBP-mediated
Wnt activity required for cell growth; whereas,
leaving unaffected p300-mediated Wnt signaling that
[41-43]
promotes colonic cell differentiation and apoptosis
.
Further, it is the fold-change in Wnt activity, and not its
absolute levels, which correlates to butyrate’s effects
[1]
on cell proliferation and apoptosis . Thus, whereas
ICG-001 suppresses the absolute level of Wnt/β-catenin
signaling, butyrate retains the ability to induce a
fold-increase in Wnt activity even in the presence of
[41-43]
ICG-001
.
Thus, combinatorial treatment of colonic cells with
ICG-001 and butyrate inhibits CBP-mediated Wnt
signaling, a pathway responsible for cell proliferation,
whereas, it maintains fold-induction of p300mediated Wnt signaling, a pathway that enhances
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[30-33]

[46]

differentiation
and apoptosis in certain cell
[41-43]
types
. On the other hand, in butyrate-resistant
CRC cells in which butyrate does not increase Wnt
signaling levels and does not induce apoptosis, ICG[42]
001-like agents enhance apoptosis
by repressing
CBP-mediated Wnt activity below the threshold
required for CRC cell viability. Finally, both butyrate and
ICG-001 can have Wnt-independent, as well as Wntdependent, effects on cell apoptosis and proliferation.
Therefore, in some cell lines the Wnt-independent
effects of butyrate/HDACis and ICG-001 on apoptosis
may be additive while, at the same time, the Wntdependent effects of these agents may counteract
each other.

rate for patients with colon cancer) . This finding is
generally supportive of the general hypothesis that
p300-mediated Wnt activity is associated with a lesser
degree of neoplastic progression, while CBP-mediated
Wnt activity is associated with more aggressive and
advanced cancer. The differential effects of CBP and
p300 on cell physiology during neoplastic progression
may derive from altered expression of genes targeted
by CBP-mediated and p300-mediated Wnt activity.
For example, survivin, c-myc, and cyclin D1 are all
genes targeted by Wnt/β-catenin signaling, and their
expression is controlled by the relative levels of CBP
vs p300 activity; furthermore, the products of these
genes directly influence decisions of proliferation,
differentiation, and apoptosis. Thus, survivin expression
is stimulated by CBP and repressed by p300, expression
of cyclin D1 is stimulated by CBP and unaffected
by p300, and expression of c-myc is stimulated by
[33]
p300 . The anti-apoptotic protein survivin and
the pro-proliferative cyclin D1 may mediate more
tumorigenic/aggressive cell phenotypes associated
[30,33]
with CBP-mediated Wnt activity
. The role of c-myc
expression in the downstream consequences of p300
activity is uncertain, as increased expression of c-myc
is usually associated with tumorigenesis. However,
c-myc can, in certain contexts, promote differentiation
and apoptosis, consistent with the pro-differentiation
[30,33]
role suggested for p300-mediated Wnt activity
.
In vitro studies evaluating the effects of butyrate
have typically utilized CRC cells; however, diet-derived
butyrate is likely most effective against early stage
[1,2]
colonic neoplasia . In this context, it is important to
note that microadenoma LT97 cells, isolated from the
[3,4]
earliest stage of colonic neoplasia , have been found
[4]
to be extremely sensitive to the growth-suppressing
[43]
and apoptosis-inducing
effects of butyrate. These
cells were used to determine the role of CBP- and
p300-mediated Wnt signaling in modulating the effects
of butyrate. Similar to what was observed in colon
carcinoma cells, ICG-001 repressed the butyrateinduced hyperactivation of Wnt signaling in LT97
adenoma cells. Unlike late-stage metastatic SW620
CRC cells, cotreatment of LT97 cells with ICG-001 does
not repress butyrate-mediated apoptosis. Proliferation
of LT97 cells was more affected by butyrate than by
ICG-001, and expression of the anti-apoptotic product
of the survivin gene was unaffected by ICG-001
treatment.
Differences in apoptotic levels between ICG-001/
butyrate-treated LT97 adenoma cells and metastatic
SW620 CRC cells may be due to: (1) the relative role of
CBP-mediated and p300-mediated Wnt signaling; and/
or (2) the levels of factors such as survivin (a target
gene of CBP-mediated Wnt signaling), p21, and other
Wnt signaling-targeted genes. Thus, the repression
of butyrate-induced apoptosis in ICG-001 – treated
SW620 cells, compared to LT97 cells, is consistent with

ICG-001 and high/low-Wnt activity fractions in CRC

Modulation of the relative levels of CBP vs p300 activity
can affect tumor behavior by influencing the cell
populations within a neoplasm. CRC cell populations
in culture can be divided into fractions with high and
low Wnt activity, and the number of cells with high
[1,2]
Wnt activity is increased by butyrate treatment .
CRC cells with hyperactivated Wnt signaling commit
[1,2]
to apoptosis
; whereas, cells with moderate
but constitutive levels of Wnt signaling have been
[45]
associated with more aggressive CRC phenotypes .
An EGFP reporter for Wnt activity combined with
flow cytometry analysis of the transfected cells was
utilized to evaluate the effects of ICG-001 treatment
on Wnt activity fractions in CRC cell populations.
This experimental approach revealed that CBPmediated Wnt signaling is absolutely required for the
maintenance of high Wnt activity and low Wnt activity
fractions in CRC cell lines, and that ICG-001 abrogates
the ability of butyrate to increase the number of
[41]
CRC cells with high Wnt signaling levels . These
findings suggest a possible CRC therapy approach
of modulating CBP-mediated Wnt activity in order to
transition CRC cells to less tumorigenic types.

NEOPLASTIC PROGRESSION
Repression of CBP-mediated Wnt/β-catenin activity
by ICG-001 has greater effects on butyrate action
on apoptosis and proliferation in SW620 cells than
[41]
in HCT-116 cells . SW620 cells are derived from a
CRC metastasis and HCT-116 cells are derived from a
primary CRC. One possibility is that CBP-mediated Wnt
activity, which is associated with cell proliferation and
[30-33,40]
pluripotency
, has a more central role (i.e., it is
utilized to a greater extent) in later, advanced stages
of neoplastic development. Although studies evaluating
different forms of cancer come to variable conclusions
about the prognostic value of p300 expression, the
most recent study involving colon cancer showed
that overexpression of nuclear p300 was associated
with a favorable prognosis (disease-free survival
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a more prominent role of CBP-mediated Wnt activity in
SW620 CRC cells, and a more prominent role of p300mediated Wnt activity (not affected by ICG-001) in
LT97 cells. ICG-001 represses butyrate-induced Wnt
transcriptional activity in both SW620 and LT97 cells,
and this finding could be reconciled by the possibility
that p300-mediated Wnt activity (that is not affected
by ICG-001) is utilized to a greater extent in LT97
than in SW620 cells. In addition, the lack of effect of
ICG-001 on the expression of survivin, a gene targeted
[33]
[43]
by CBP-mediated Wnt activity , in LT97 cells
also
suggests that CBP-mediated Wnt signaling has a lesser
role in these cells compared to later-stage, metastatic
SW620 cells. This explanation is supported by the
higher RNA expression levels of survivin in SW620 cells
compared to LT97 cells, as established by microarray
[43]
analysis . In addition, exogenous overexpression of
CBP stimulates the butyrate-induced hyperactivation
[43]
of Wnt signaling in LT97 cells , but not in SW620
[42]
cells , a finding that suggests saturation of CBPmediated Wnt activity in SW620 but not in LT97 cells.
In summary, findings reported in the literature
are consistent with neoplastic progression being
affected by the relative role/activity of CBP-mediated
and p300-mediated Wnt signaling. This possibility
is supported by the following findings: (1) most of
the analyzed CRC cell lines express CBP but some
[41-43]
do not express p300
; (2) p300-mediated Wnt
signaling is associated with cell differentiation;
whereas, CBP-mediated Wnt signaling is associated
[30,33]
with cell proliferation
; (3) CBP is the preferred
[30,41]
binding partner for β-catenin in CRC cell lines
;
(4) expression of survivin, a gene targeted by CBPmediated Wnt activity, is inhibited by ICG-001 in
CRC cells but not in LT97 cells, suggesting a greater
utilization of CBP-mediated Wnt activity in later stages
of colonic neoplasia; and (5) overexpression of CBP in
LT97 cells enhances butyrate-induced hyperactivation
[43]
of Wnt signaling ; whereas, no similar effect is
[42]
observed in CRC cells , suggesting that endogenous
CBP-mediated Wnt signaling is saturated in CRC
cells, but not in LT97 adenoma cells. In addition, a
[47]
recent report suggests that CBP can interact with
thymine DNA glycosylase to enhance Wnt signaling
and proliferation of colonic cells. This finding suggests
that it is likely that a number of signaling pathways
and enzymatic factors cross-talk with CBP and p300 to
influence decisions of proliferation vs differentiation/
apoptosis, and underscores the importance of CBP
activity in promoting Wnt activity-driven proliferation
of human colon cancer cells. An interpretation of these
findings is that a more advanced neoplastic phenotype
is characterized by enhanced expression of genes
targeted by CBP-mediated Wnt activity (e.g., survivin,
cyclin D1). Transcription reporter assays and microarray
[1,2,45,48,49]
findings
clearly have established that HDACis
hyperactivate Wnt signaling; however, certain Wnt
activity-targeted genes exhibit downregulated expression
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due to both Wnt signaling-dependent and Wnt signaling[45,48,49]
independent mechanisms
. For example, expression
of survivin, c-myc, and cyclin D1 is typically repressed in
[48]
HDACi-treated CRC cells . Therefore, one possibility
is that both up- and downregulated expression of
Wnt activity-targeted genes in HDACi-treated colonic
neoplastic cells is influenced by the relative levels of
CBP-mediated vs p300-mediated Wnt activity, and the
relative levels of these activities in different colonic cells
determine the direction and magnitude of the effects
of HDACis on gene expression. These conjectures need
to be carefully evaluated in future studies.
Such additional studies will require use of other
colonic cell lines, particularly those intermediate on
the neoplastic spectrum between the LT97 and SW620
lines. Another cell line useful for evaluating neoplastic
progression is SW480. The SW480 cell line was
derived from a primary tumor from the same patient
from whom the SW620 metastatic line was isolated,
and we have shown that these two cell lines differ in
[1]
the degree of response to butyrate . Thus, future
studies should utilize cell lines such as SW480, in
addition to LT97 and SW620, to further dissect the role
of CBP and p300 in colonic tumorigenesis. In general,
studies that compare cells from matched primary
vs metastatic tumors from the same patient would
assist in identifying the roles played by CBP and p300
in neoplastic progression. We would expect that cell
lines derived from metastases would exhibit a greater
degree of CBP-Wnt activity and less p300-Wnt activity
compared to matched primary tumor samples from
the same patient.

Butyrate/HDACis resistance

Preliminary analyses of the mechanisms underlying
[49]
butyrate resistance in CRC cells
utilized HCT-R cells
that were derived from HCT-116 cells exposed to
increasing concentrations of butyrate (up to 5 mmol/L).
Microarray and western blot analyses demonstrated
altered gene expression in HCT-R cells, compared to
[47]
HCT-116 cells . Importantly, HCT-R cells exhibit a
markedly decreased expression of p300 compared
to parental HCT-116 CRC cells. ICG-001, an inhibitor
of CBP-mediated Wnt activity, was shown to repress
Wnt activity in HCT-R cells, and these cells are highly
sensitive to the apoptosis-inducing effects of ICG-001,
suggesting that survival of butyrate resistant cells is
associated with CBP-mediated Wnt activity.
Butyrate does not affect HCT-R cell proliferation,
unlike the sharp repression of cell growth caused by
the agent in butyrate-sensitive CRC cells expressing
[41]
p300 . HCT-15 CRC cells that, similar to HCT-R
cells, lack expression of p300 also exhibit repressed
hyperactivation of Wnt signaling upon exposure to
[42]
butyrate . Also similar to HCT-R cells, the proliferation
[42]
of HCT-15 cells is not influenced by butyrate . Thus,
both HCT-15 CRC cells that are deficient in p300
expression, and HCT-R cells with repressed p300
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A
LT97 cells

Neoplastic progression

p300 > CBP activity

target the cancer stem cell (CSC) fraction of a tumor,
while sparing normal somatic stem cells (SSCs). The
Wnt signaling pathway is associated with promotion of
pluripotency/stemness; enhanced nuclear translocation
of β-catenin (a marker for Wnt transcriptional activity)
is most evident at the invasive front of metastatic solid
tumors where epithelial to mesenchymal transition
[31]
(EMT) takes place . However, Wnt activity has also
been associated with differentiation; therefore Wnt
activity can trigger distinct physiological pathways
in normal and neoplastic cells. These reports are
consistent with the proposed specific role of CBPmediated Wnt activity in proliferation vs the role of
p300-mediated Wnt activity in differentiation. Thus,
blocking the CBP-β-catenin interaction (e.g., with
ICG-001) promotes p300-mediated Wnt activity and
differentiation of stem and progenitor cells; conversely,
inhibiting the p300-β-catenin interaction enhances
CBP-mediated Wnt activity, promoting pluripotency
[31]
and multipotency . Therefore, repression of CBPmediated Wnt signaling would seem to be an effective
approach to eliminate CSCs through enforced
differentiation.
However, this leads to the question of whether
normal SSCs will be also targeted by this CBP-Wnt
[31]
inhibitory approach. Lenz and Kahn
argue that
negative effects on SSCs may be evaded due to the
tendency of SSCs to multiply through asymmetric
division (producing one daughter stem cell and one
daughter differentiated cell); whereas, CSCs, due
to various mutations, tend to divide symmetrically
(producing either two daughter stem cells or two
daughter differentiated cells). Agents such as
ICG-001 would not change the differences between
these types of stem cells regarding division; SSCs
and CDCs exposed to these agents will continue
to divide asymmetrically and symmetrically, res
pectively. However, the objective of treatment
would be to force the CSC symmetrical cell division
to produce two differentiated cells, abrogating the
symmetrical production of daughter stem cells. The
CSC symmetrical division that produces stem cells
would be repressed by CBP-Wnt inhibitors, reducing
the fraction of stem cells in the tumor. Thus, when
exposed to a pro-differentiation CBP-Wnt inhibitor (such
as ICG-001), CSCs would undergo a symmetrical
division that only produces differentiated cells. In
contrast, when exposed to the same agent, SSCs
continue to normally divide asymmetrically, producing
daughter stem cells that allow for the maintenance
[31]
of the stem cell niche . Effects of CBP and p300 on
stem cell dynamics have a number of implications
for cancer. For example, in human CML cell lines,
hypoxia enhances the leukemia stem/initiating-like
fraction of the cell population via increased CBP[50]
mediated Wnt signaling . ICG-001 can reverse
the effects, emphasizing the role played by CBP in

SW620 cells
CBP > p300 activity

Therapeutic direction

B
HCT116 cells

butyrate/HDACis resistance

p300 > CBP activity

HCT-R cells
CBP > p300 activity

Therapeutic direction

Figure 1 CREB-binding protein/p300 in neoplastic progression and
Histone deacetylase inhibitors resistance, and a possible therapeutic
approach. We posit that neoplastic progression (A) and resistance to HDACis
(B) are associated with downregulated p300-mediated Wnt activity and
relatively increased CBP-mediated Wnt signaling. Gene expression programs
dependent upon CBP activity > p300 activity drive cell phenotype changes
characteristic of greater neoplastic progression and HDACi resistance.
Therefore, therapeutic approaches to prevent and/or reverse progression
and resistance will depend upon enhancing p300-mediated Wnt activity at
the expense of that mediated by CBP. Adapted from[43]. CBP: CREB-binding
protein; HDACis: histone deacetylase inhibitors.

expression, exhibit relative resistance to the effects
of butyrate on Wnt signaling and cell proliferation.
Unlike HCT-R cells, HCT-15 cells respond to butyrate
treatment with a modest upregulation of apoptosis
and lack the heightened sensitivity to the apoptosisinducing action of ICG-001 displayed by the HCT-R
[42]
line . These findings suggest that p300-mediated
Wnt signaling is required for optimal hyperactivation
of Wnt signaling and repression of cell proliferation by
butyrate in at least some CRC cell lines. This possible
role for p300 in mediating butyrate-modulated CRC cell
apoptosis may be related to the association of p300mediated Wnt signaling in colonic cell differentiation
[30-33]
and apoptosis
. In butyrate-resistant HCT-R
cells, CBP-mediated Wnt signaling likely promotes
[42]
cell proliferation , and the downregulation of this
[42]
signaling by ICG-001 induces apoptosis . Thus,
resistance to butyrate and other HDACis might be
associated with a shift of the cancer cells utilizing more
CBP-mediated than p300-mediated Wnt signaling.

Summary: neoplastic progression and resistance to
HDACis

Further studies should address the possibility that the
simultaneous upregulation of p300-mediated Wnt
signaling and downregulation of CBP-mediated Wnt
signaling represent a therapeutic approach against
both neoplastic progression and the development of
resistance to butyrate and other HDACis (Figure 1).

CBP/p300-Wnt activity and cancer stem cell therapeutics

Differential modulation of CBP and p300 activity can
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CSC maintenance and suggesting that repression of
CBP-Wnt activity is a therapeutic option against the
relatively larger pool of CSCs maintained in hypoxic
conditions.

suggest that CBP-Wnt signaling inhibitors, alone or in
combination with HDACis, are effective in suppressing
the earliest stages of colonic tumorigenesis. Practically
speaking, application of this combinatorial treatment
approach would be most useful in patients who are
at particularly high risk for developing CRC (e.g.,
patients who have already had CRC and are at risk for
recurrence).
Suppression of CBP-mediated Wnt activity may also
have a therapeutic effect by stimulating differentiation
[31,40]
of cancer stem cells
. How this activity of ICG-001 like agents is influenced by dietary or pharmacological
HDACis remains to be determined. The therapeutic
choice of enhancing or suppressing Wnt signaling
activity in CRC could be based upon (1) levels of the
Wnt pathway, CBP and p300 expression levels in
neoplastic cells ascertained through biopsy of patient
samples; and (2) identification of specific gene
mutation profiles associated with the HDACi-resistant
and HDACi-sensitive phenotypes.

Therapeutic implications of findings involving HDACis
and modulation of CBP and p300 activity
[41-43]

Findings
suggest that combinatorial therapy
utilizing HDACis and ICG-001-like agents is likely to
be effective in suppressing CRC cell growth. However,
since apoptosis is a preferable outcome to repressed
cell growth in therapy, cotreatment with HDACis and
CBP-Wnt signaling inhibitors (such as ICG-001) should
be avoided in CRCs in which these two types of agents
interfere with each other’s effect on apoptosis. A
challenge would be identifying which subset of CRCs
fall into this category. In addition, the effect of diet
on anti-CRC chemotherapeutics must be considered.
Physiologically relevant concentrations of butyrate are
produced in the colonic lumen from the fermentation
of dietary fiber, and may also interfere with the activity
of ICG-001-like agents on apoptosis. Therefore,
the effects of a fiber-rich diet on the therapeutic
activity of ICG-001-like agents against CRC needs
to be investigated through animal studies. To evade
undesirable interactions between dietary factors such
as butyrate and CBP-Wnt inhibitors, CRC patients
who are treated with ICG-001-like agents may need
[41]
to fast or consume a low-fiber diet . Modulation
of p300-mediated Wnt activity represents another
potential therapeutic approach, although further studies
evaluating of the association of p300 with β-catenin are
required in order to fully evaluate the role of p300 in
colonic cell physiology.
Compared to HDACi-sensitive CRC cell lines,
HDACi-resistant CRC cells exhibited greater apoptotic
[41,42]
response to ICG-001
. Possibly, CBP-Wnt signaling
inhibitors exert their greatest therapeutic effects against
CRCs that are resistant to dietary and pharmacological
HDACis. We theorize that right-sided colonic tumors
may be particularly sensitive to CBP-Wnt signaling
inhibitors since these neoplasms are more likely to be
butyrate resistant since they have developed in the
proximal colon where diet-derived butyrate is at its
highest levels.
The anti-CRC preventive action of diet-derived
butyrate is most likely exerted during early stage
disease. Consistent with this, LT97 microadenoma
cells are highly sensitive to the anti-proliferative and
[3,4,43]
pro-apoptotic effects of butyrate
. Thus, growth
arrest is an important mechanism whereby HDACis,
combined with CBP-Wnt signaling inhibitors, affect
[43]
cells in early stage colonic neoplasia . With respect
to apoptosis, both ICG-001 and butyrate each
stimulated apoptosis of LT97 cells, and there was no
interference between these agents in the induction of
LT97 cell death; whereas, this type of interaction was
[41-43]
observed in some CRC cell lines
. These findings
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What next?
CBP-Wnt signaling inhibitors are in clinical trial for
cancer and are specifically being investigated as
differentiating agents for normal and cancer stem
[31,40]
cells
. We believe that modulation of CBP- and
p300-mediated Wnt activity has preventive and
therapeutic potential for CRC, particularly with respect
to controlling neoplastic progression and preventing/
reversing resistance to HDACis. Combinatorial therapy
with such agents and HDACis remains a possibility.
However, additional in vitro and in vivo studies are
required to further evaluate these possibilities. The
unexplored question of how the combination of CBPWnt signaling inhibitors and HDACis influences cancer
stem cell phenotypes remains to be determined.
The dissection of the relative roles of CBP and p300
in Wnt activity-mediated CRC would be advanced by
the development of new specific inhibitors of p300mediated Wnt activity in human cells, analogous to the
CBP-Wnt inhibitor ICG-001. One promising development
in this regard is the identification of windorphen as
an agent which has greater activity against p300 HAT
activity and the p300-β-catenin association compared
to its effects on CBP; in addition, windorphen treat
[51]
ment also stimulates apoptosis of CRC cells . The
activity and specificity of this agent, alone or in
combination with other agents (e.g., HDACis) requires
further investigation. Future studies can utilize primary
patient samples and animal models of CRC to validate
in vitro findings. Comparison of adenoma vs carcinoma
stage in patients and animal models may recapitulate
the differences observed between LT97 vs SW620 cells
with respect to CBP and p300 expression and activity,
response to butyrate and/or ICG-001, as well as
expression of target genes.
Further, primary neoplastic samples acquired along
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Wnt/beta-catenin Signaling

Fiber

ICG-001

Butyrate
CBP-mediated
proliferation, butyrate
resistance

p300-mediated
differentiation,
apoptosis, butyrate
sensitivity
Apoptosis

loss of p300 activity

Right-Sided colon cancer (often MSI+)

Butyrate resistance

Proximal colon (higher butyrate levels)

Figure 2 Hypothetical relationship between p300 loss, butyrate-resistance, and right-sided colon cancer. Wnt/β-catenin signaling has both CBP-mediated and
p300-mediated components. CBP-Wnt activity, which is repressed by the clinically relevant agent ICG-001, likely mediates colonic cell proliferation and resistance to
butyrate (and other HDACis). In contrast, p300-Wnt activity likely mediates differentiation, apoptosis, and sensitivity to butyrate. Butyrate, derived from dietary fiber,
enhances apoptosis of colon cancer cells, possibly acting through the p300-mediated component of Wnt/β-catenin activity. Neoplasms that arise in the proximal colon,
where butyrate concentrations are highest, may be resistant to butyrate, and this resistance may arise through loss of p300 expression and activity and a greater
reliance on CBP-mediated Wnt signaling. Development of these right-sided colon cancers may be prevented/threated via agents such as ICG-001 and/or other
approaches that can promote p300-Wnt > CBP-Wnt activity. CBP: CREB-binding protein; HDACis: histone deacetylase inhibitors.

the length of the large bowel should be evaluated for
relative butyrate resistance in ex vivo experiments.
For example, CRCs from the right colon have been
hypothesized to exhibit more butyrate resistance than
[52,53]
those from the left colon
, due to intra-colonic
differences in luminal butyrate concentrations. We
also note that CRCs with microsatellite instability
(MSI+) are typically found in right-sided colon cancer;
importantly, these tumors, which display differences
in cell signaling and therapeutic response compared
to non-MSI CRC, frequently exhibit mutations in CBP
[54]
and, particularly, p300 . A number of cell lines,
including HCT-116, that are characterized by p300
[54]
mutation, are MSI+ , and one can hypothesize a
link between MSI+ status, p300 expression, butyrateresistance, and the development of right-sided CRC in
the context of higher levels of butyrate in the proximal
[53]
colon . Whether agents such as ICG-001 would be
especially efficacious against MSI+ colonic neoplasms
(Figure 2) needs to be evaluated, including through
the use of animal models of mismatch repair-deficient
CRC (see below). Thus, variation in butyrate sensitivity
in primary patient samples may reflect differences in
CBP-mediated and p300-mediated Wnt activity, and
the downstream consequences with respect to effects
of butyrate.
Mouse xenograft models can be utilized to deter
mine how alteration in CBP- and p300-mediated Wnt
activity correlates to in vivo tumorigenicity. Thus,
adenoma cells engineered to exhibit greater neoplastic
potential in vitro can be tested for their ability to
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form tumors in vivo; conversely, carcinoma cells with
modified CBP- and p300-mediated Wnt activity and
reduced neoplastic potential in vitro can be compared
to parental cells with respect to tumorigenicity in vivo.
The same principle can be applied in evaluating how
modulation of CBP- and p300-mediated Wnt signaling
in butyrate-resistant cells affects the ability of these
cells to form tumors and the sensitivity of the resulting
tumors to butyrate/HDACis.
The findings generated by these studies can be
subsequently utilized to evaluate approaches that
target earlier stages in tumor development using
genetic Apc mutant mouse models. Perhaps a more
optimal set of mouse models for these studies are
those mismatch repair-deficient strains developed by
[55]
the Edelmann laboratory . Given the prevalence of
MSI+ tumors in right-sided colon cancer, the increased
possibility of butyrate resistance in such tumors, and
the frequency of CBP and p300 mutations in MSI+
CRC, murine models of mismatch repair-deficient CRC
should also be utilized to understand the role of CBP
and p300 in colonic neoplasia, possible connections
between MSI+ status, p300 expression, and butyrateresistance, as well as the utility of using ICG-001-like
agents for the treatment of such tumors. Finally, we
note that many of the issues discussed in this review
are likely not confined to CRC; for example, the CBPWnt inhibitor ICG-001 has shown efficacy in repressing
[56]
pancreatic cell growth . Further, inhibition of p300mediated Wnt signaling in mouse models indicate
a role for p300-Wnt activity in proximalizing lung
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[57]

epithelium , raising the possibility that perturbation
of CBP vs p300 activity influences lung carcinogenesis.
These findings, and the work on effects of CBP and
p300 on normal vs cancer stem cells, suggest that
modulation of CBP vs p300 activity can be a common
therapeutic tool against many forms of human cancer.

9

CONCLUSION
A more comprehensive understanding of how CBP and
p300 influence colonic cell physiology will allow for the
development of anti-CRC preventive and therapeutic
approaches that target CBP and p300 activity in order
to repress neoplastic progression, prevent or reverse
the development of resistance to butyrate and other
HDACis, and target colon cancer stem cells. Further
studies are required to generate data that may lead
to novel chemopreventive and therapeutic approaches
against CRC.
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Although liver resection is considered the most effec
tive treatment for hepatocellular carcinoma (HCC),
treatment outcomes are unsatisfactory because of
the high rate of HCC recurrence. Since we reported
hepatitis B e-antigen positivity and high serum hepatitis
B virus (HBV) DNA concentrations are strong risk
factors for HCC recurrence after curative resection of
HBV-related HCC in the early 2000s, many investigators
have demonstrated the effects of viral status on HCC
recurrence and post-treatment outcomes. These findings
suggest controlling viral status is important to prevent
HCC recurrence and improve survival after curative
treatment for HBV-related HCC. Antiviral therapy
after curative treatment aims to improve prognosis
by preventing HCC recurrence and maintaining liver
function. Therapy with interferon and nucleos(t)ide
analogs may be useful for preventing HCC recurrence
and improving overall survival in patients who have
undergone curative resection for HBV-related HCC. In
addition, reactivation of viral replication can occur after
liver resection for HBV-related HCC. Antiviral therapy
can be recommended for patients to prevent HBV
reactivation. Nevertheless, further studies are required
to establish treatment guidelines for patients with HBVrelated HCC.
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Core tip: Although liver resection is considered the
most effective treatment for hepatocellular carcinoma
(HCC), treatment outcomes are unsatisfactory because
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of the high rate of HCC recurrence. Many investigators
have demonstrated the effects of viral status on HCC
recurrence and post-treatment outcomes. Therapy with
interferon and nucleos(t)ide analogs may be useful
for preventing HCC recurrence and improving overall
survival in patients who have undergone curative
resection for hepatitis B virus (HBV)-related HCC. In
addition, reactivation of viral replication can occur after
liver resection for HBV-related HCC. Antiviral therapy
can be recommended for patients to prevent HBV
reactivation.

HCC , many investigators have reported the effects
of viral status in HBV-infected individuals on HCC
[9-13]
recurrence and post-treatment outcomes
. These
studies suggest controlling viral status is important to
prevent HCC recurrence and improve survival after
curative treatment for HBV-related HCC. Since we first
reported the reactivation of viral replication occurred
after liver resection in patients with HBV-related HCC
[14]
in 2001 , some investigators have reported the same
findings. It is important to prevent such reactivation
[15-17]
after liver resection
.
Two types of drugs, conventional interferon (IFN)-α
or pegylated IFN (PEG-IFN)-alpha, and nucleos(t)ide
analogs (NAs), have recently become available for the
treatment of chronic hepatitis B infection. Studies have
shown that IFN therapy reduces progression to cirrhosis
[18,19]
and HCC development
. Meanwhile antiviral therapy
with NAs including lamivudine (LAM), adefovir dipivoxil
(ADV), and entecavir (ETV), suppresses viral replication
and appears to be useful for preventing progression to
cirrhosis and HCC development in patients with chronic
[20-26]
hepatitis B infection
.
This paper reviews the impacts of perioperative
antiviral therapy on viral replication reactivation after
treatment as well as on HCC recurrence and survival
following curative treatment for HBV-related HCC.

Kubo S, Takemura S, Tanaka S, Shinkawa H, Nishioka T,
Nozawa A, Kinoshita M, Hamano G, Ito T, Urata Y. Management
of hepatitis B virus infection during treatment for hepatitis B
virus-related hepatocellular carcinoma. World J Gastroenterol
2015; 21(27): 8249-8255 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i27/8249.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8249

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and the third most common
[1,2]
cause of cancer mortality . Chronic infection with
hepatitis B virus (HBV) is a major risk factor for HCC
development. Risk factors for HCC among HBV carriers
include male sex and advanced age, longer infection,
[3]
alcohol consumption, and hepatic fibrosis . The
incidence of HCC is reportedly 0.2 per 100 personyears among inactive carriers, between 0.8 and 1.0
among people with chronic hepatitis B infections
without cirrhosis, and between 3.2 and 4.3 among
[4]
patients with compensated cirrhosis . Although liver
resection and radiofrequency ablation therapy are
curative treatments for HCC, treatment outcomes are
often unsatisfactory because of the high rate of HCC
recurrence, which includes metastases from primary
carcinomas and multicentric carcinogenesis after
treatment (i.e., multicentric recurrence). Risk factors
for HCC recurrence include tumor factors such as
tumor number and vascular invasion, which are related
to metastasis from the primary carcinoma. Multicentric
carcinogenesis is closely associated with persistent
active hepatitis and hepatic fibrosis. Therefore,
strategies for both HCC and chronic hepatitis B infection
are required to improve the post-treatment outcome
[5]
of HCC in patients with chronic hepatitis B infections .
Liver transplantation is the most radical treatment for
HCC as well as the treatment of underlying disease
including chronic hepatitis B infection. However, donor
shortage is a major problem associated with liver
transplantation.
Since we reported in the early 2000s that hepatitis
B e-antigen (HBeAg) positivity and high serum
concentrations of HBV DNA are strong risk factors for
HCC recurrence after curative resection of HBV-related

WJG|www.wjgnet.com

REACTIVATION OF HBV REPLICATION
AFTER LIVER RESECTION
Reactivation of HBV replication in patients who
receive cytotoxic or immunosuppressive therapy is well
recognized. Since we first reported the reactivation
of viral replication occurring after liver resection in
[14]
patients with HBV-related HCC , some investigators
have also reported reactivation after chemoem
bolization, radiofrequency ablation therapy, and liver
[15-17]
resection
. Reactivation occurred in 20%-30%
of patients who underwent liver resection. The risk
factors for HBV reactivation include high alanine
aminotransferase activity, high viral load, the presence
of wild-type DNA, and the detection of hepatitis B core
antigen in hepatocytes, which are all features of the
immune clearance phase in the natural course of HBV
[14]
[27]
infection . Huang et al
recently reported antiviral
therapy using telbivudine can significantly decrease the
perioperative reactivation of viral replication after liver
resection for HBV-related HCC. We also did not have
experienced acute exacerbation since the induction
of NAs. Changes in serum HBV DNA levels should be
monitored during the treatment for HBV-related HCC.
Antiviral therapy can be recommended for patients
with risk factor(s) for HBV reactivation.

EFFECTS OF ANTIVIRAL THERAPY ON
OUTCOME AFTER TREATMENT FOR HCC
IFN has been used to treat chronic hepatitis B infection
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Table 1 Clinical trials of antiviral therapy after curative treatment for hepatitis B virus-related hepatocellular carcinoma
Effects of antiviral therapy
Author

Year

Study design

Treatment

Adjuvant therapy

Tumor-free survival

Overall survival

Interferon
Sun et al[39]
Lo et al[37]

2006
2007

RCT
RCT

Resection
Resection

Inteferon-α
Inteferon-α2b

Postponed
Not significant

Chen et al[42]
2012
Nucleos(t)ide analogues
Kubo et al[45]
2007
Kuzuya et al[48]
2007
Yoshida et al[49]
2008
Chuma et al[11]
2009

RCT

Resection

Inteferon-α2b

Not significant

Improved
Improved in stage Ⅲ/Ⅳ
A patients
Not significant

Prospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort

Resection
Resection or RFA
RFA
Resection or RFA

Improved
Not significant
Not significant
Improved

ND
Improved (tendency)
Not significant
ND

Not significant

Improved

Not significant
Improved
Improved

Improved
Improved
Improved

Improved
Improved

Improved
Improved

Not significant
Improved

Improved
Improved

Not significant

Improved

Koda et al[50]

2009

Cohort

Li et al[51]
Chan et al[52]
Urata et al[44]

2010
2011
2012

Prospective cohort
Retrospective cohort
Retrospective cohort

Wu et al[53]
Su et al[54]

2012
2013

Cohort
Retrospective cohort

Ke et al[55]
Yin et al[56]

2013 Retrospective cohort
2013 Cohort including RCT

Nishikawa et al[57]

2014

Retrospective cohort

LAM (with ADV rescue)
LAM (with ADV rescue)
LAM (with ADV rescue)
LAM (with ADV rescue)
or ETV
Resection or RFA
LAM (with ADV rescue)
or ETV
Resection
LAM (with ADV rescue)
Resection
LAM or ETV
Resection
LAM (with ADV rescue)
or ETV
Resection
LAM, ETV, telbivudine
Rection
LAM or ETV or Pegylated
interferon
Resection
LAM
Resection
LAM (with ADV or ETV
rescue)
Resection or RFA or PEI LAM (with ADV rescue)
or ETV

RCT: Randomised clinical trial; RFA: Radiofrequency ablation therapy; PEI: Percutaneous ethanol injection; LAM: Lamivudine; ADV: Adefovir dipivoxil;
ETV: Entecavir; ND: Not determined.

for many years. IFNs are cytokines that possess
a variety of biologic properties, including antiviral,
immunomodulatory, antiproliferative, antiangiogenic,
[28]
and tumoricidal effects . Meta-analyses of controlled
trials of IFN therapy in HBeAg-positive patients show
that patients treated with IFN achieve greater HBeAg
losses, suppression of HBV DNA levels, and alanine
aminotransferase normalization than untreated
[29]
control patients . In addition, IFN therapy induces
higher rates of hepatitis B surface antigen (HBsAg)
seroclearance, resulting in lower rates of cirrhosis
development, reduced HCC incidence, and better
[30]
overall survival . IFN conjugated with polyethylene
glycol, i.e., PEG-IFN, has recently become widely
used because it is convenient and patients with
chronic hepatitis B infections treated with it exhibit
clinical outcomes superior to those of patients treated
[31]
with unconjugated IFN . Several studies show that
IFN effectively suppresses HBV replication, reduces
HCC incidence, and improves outcomes in patients
[32-34]
with chronic hepatitis B infections
. Although the
potential effectiveness of IFN-α as an adjuvant therapy
for preventing HCC recurrence has been demonstrated
[35-41]
in clinical trials and meta-analyses
, other studies
[42,43]
report conflicting results
(Table 1). Furthermore,
while the use of adjuvant IFN therapy in HCC has been
studied extensively, it has not yet been accepted as
a standard treatment after curative therapy, because
previous studies have only involved small numbers
of patients and varying types and doses of IFN.
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Therefore, further studies are required to establish
appropriate postoperative therapy with IFN in HCC
patients.
We reported that a high serum concentration of
HBV DNA is a strong risk factor for HCC recurrence
[44]
and poor survival after curative HCC resection (Figure
1). Furthermore, we reported that the incidence of
HCC recurrence was significantly higher in patients
who experienced acute postoperative exacerbations
of their hepatitis, showed constantly high serum
concentrations of HBV DNA, and showed sustained
[45]
HBsAg expression postoperatively . Several sub
sequent studies also demonstrated high serum
concentrations of HBV DNA are significantly associated
with shorter survival times, with the cause of death
[6,7,9-13,45]
being HCC recurrence
. It is well established
that a high serum concentration of HBV-DNA is
[46]
strongly associated with HCC development . The risk
of HCC in such patients is more than 10 times higher
than that in patients with low serum concentrations
of HBV DNA. Antiviral therapy with NAs including
LAM, ADV, and ETV, has recently been reported to
be useful for preventing progression to cirrhosis and
HCC development in patients with chronic hepatitis
[20-26]
B infections
. Since we reported that LAM may
prevent HCC recurrence after curative resection for
[47]
HCC
(Figure 2), several published reports describe
[11,44,48-57]
the effects of NAs after HCC treatment
(Table 1).
A recent meta-analysis shows that antiviral therapy with
NAs reduces HCC-related mortality and HCC recurrence
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Figure 1 Tumor-free survival (A) and cumulative survival rates (B) after curative resection of hepatocellular carcinoma. Figure adapted from Urata et al[44]
with permission. Open circles and triangle indicate high and low serum hepatitis B virus DNA concentrations (≥ 4 and < 4 log10 copies/mL), respectively.
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Figure 2 Tumor-free survival (A) and cumulative survival rates (B) after curative resection of hepatocellular carcinoma. Figure adapted from Urata et al[44]
with permission. Open circles and triangles indicate patients with high serum hepatitis B virus DNA concentrations who were administered and not administered
nucleoside analogs, respectively.

We previously showed that antiviral therapy with NAs
induces the remission of active hepatitis, maintains
liver function, and increases the likelihood of successful
treatment for HCC recurrence, even if recurrence
[44]
developed after curative resection . Similar results
were subsequently reported in other studies, namely
that antiviral therapy with NAs improved patient
[48,50,51,55,56]
outcomes following curative treatment
. Drug
resistance is increasingly emerging in association with
long-term antiviral therapy. Hence, the effects of drug
resistance on HCC recurrence following treatment for
HBV-related HCC must be evaluated.

postoperatively, and improves overall survival in
[58-60]
patients with HBV-related HCC
. A recent cohort
study of patients with chronic hepatitis B infections
treated with ETV demonstrates the importance of a
[61]
sustained virologic response . However, antiviral
therapy using NAs cannot suppress HCC recurrence
caused by metastases from the original tumor,
because NAs do not have any anticancer activity. In
addition, NAs cannot prevent multicentric recurrence
of HCC, because the HBV DNA will already have been
integrated into the host’s genome, which is the first
step in hepatocarcinogenesis in patients with chronic
hepatitis B infections and cirrhosis. Therefore, HCC
may still develop despite the effective suppression of
viral replication by antiviral agents. A retrospective
study of 2795 Japanese patients with chronic hepatitis
B infections shows that absence of treatment, male
sex, family history of HBV carriage, age over 40
years, fibrosis exceeding grade 2, on a scale of 0-4,
and albumin < 40 g/L and platelet count < 150000/
3
[22]
mm are independent risk factors for HCC . Close
follow-up is necessary for elderly patients who have
cirrhosis, even if antiviral therapy has been effective.
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CONCLUSION
Antiviral therapy after curative treatment aims to
improve prognosis by suppressing viral replication.
Recent accumulating evidence indicates high serum
HBV DNA levels, either preoperatively or posto
peratively, is associated with a higher risk of HCC
recurrence and that this affects the effectiveness of the
antiviral therapy administered after curative treatment
for HBV-related HCC. Although IFN has antiproliferative,
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antiangiogenic, and tumoricidal effects, IFN therapy
may be accompanied by a substantial risk of hepatic
decompensation in patients with advanced liver
disease. While serum concentrations of HBV DNA
become undetectable in most patients who undergo
antiviral therapy with NAs, these compounds have
no anticancer activity. Therefore, combining IFN and
NAs may be an alternative strategy to prevent HCC
recurrence after curative treatment for HBV-related
HCC. Although IFN therapy and NAs are useful for
preventing HCC recurrence and maintaining liver
function after treatment for HBV-related HCC, there
is insufficient evidence to reach a conclusion and
consensus about the optimal perioperative antiviral
therapy. Nevertheless, further studies are necessary to
establish treatment guidelines for these patients.
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Grey zone in the Barcelona Clinic Liver Cancer Classification for
hepatocellular carcinoma: Surgeons’ perspective
Tian Yang, Wan-Yee Lau, Han Zhang, Bin Huang, Jun-Hua Lu, Meng-Chao Wu

Abstract

Tian Yang, Wan-Yee Lau, Han Zhang, Bin Huang, Jun-Hua
Lu, Meng-Chao Wu, Eastern Hepatobiliary Surgery Hospital,
Second Military Medical University, Shanghai 200438, China

Hepatocellular carcinoma (HCC) is the sixth most
common cancer and the third most common cause
of cancer-related deaths worldwide. The Barcelona
Clinic Liver Cancer (BCLC) classification has been
endorsed as the optimal staging system and treatment
algorithm for HCC by the European Association for the
Study of Liver Disease and the American Association
for the Study of Liver Disease. However, in real life,
the majority of patients who are not considered ideal
candidates based on the BCLC guideline still were
performed hepatic resection nowadays, which means many
hepatic surgeons all around the world do not follow the BCLC
guidelines. The accuracy and application of the BCLC
classification has constantly been challenged by many
clinicians. From the surgeons’ perspectives, we herein
put forward some comments on the BCLC classification
concerning subjectivity of the assessment criteria,
comprehensiveness of the staging definition and accuracy
of the therapeutic recommendations. We hope to further
discuss with peers and colleagues with the aim to
make the BCLC classification more applicable to clinical
practice in the future.
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of patients with HCC have cirrhosis at diagnosis.
Actually, biases by physicians on subjective evaluation
commonly exist in clinical practice, especially for those
patients with a single HCC but with compensated
cirrhosis (Child-Pugh A).
In our opinion, even if the patient’s symptoms are
definitely tumor-related (i.e., PS 1-2), the diagnosis of
advanced HCC in the BCLC classification is debatable.
A female patient who complained of persistent
right epigastric pain was diagnosed to harbor a
single 3-cm HCC with compensated cirrhosis (ChildPugh A). Her persistent abdominal pain (PS 2) was
caused by an exophytic tumor growth compressing
on the diaphragm (Figure 1). According to the BCLC
classification, she had a BCLC stage C HCC. According
to the BCLC guidelines, only oral sorafenib should
be given. In actual fact curative HCC resection was
successfully performed for this patient in August 2007,
and she is still alive and disease-free.
Additionally, although the BCLC constitutors tried
very hard to take every possible situation into consi
deration, the truth is that in many HCC patients the
situation is more complicated. For example, the BCLC
classification gave full consideration of the presence of
vascular invasion as an independent poor prognostic
factor of HCC, but it never mentioned the presence of
biliary invasion (Figure 2), which is a specific but not
[10]
an uncommon type of HCC . Previous studies has
shown that the prognosis of HCC with biliary invasion
with or without obstructive jaundice is as poor as HCC
[11-13]
with vascular invasion despite treatment
. Should
biliary invasion be included into the BCLC staging just
like vascular invasion? It may be still a blind spot by
[14]
the BCLC classification .
Another specific group of HCC patients who have
never been mentioned in the BCLC classification is
ruptured HCC (Figure 3), which happens in about
[15-18]
3%-15% of patients with HCC
. Once a patient
develops acute spontaneous rupture of HCC (mostly
PS 3-4 as a life-threatening complication), the patient
should be classified according to the BCLC classification
as having a terminal stage HCC (i.e., BCLC stage D).
Should only supportive care be given to these patients
in accordance with the BCLC guidelines? In numerous
previously published studies, emergency transarterial
embolization or liver resection (either emergency or
staged) have been performed on these patients, and
satisfactory results have been obtained, including
saving lives in acute emergencies and even having
[15,16,18-22]
occasional patients with long-term survival
.
Thus, in our opinions, it is necessary for the BCLC
classification to clarify this special but not uncommon
situation of HCC so as to avoid some clinicians blindly
adhering to the treatment guidelines.
For most liver surgeons, it is not surprising that
[8]
the authors of the recent study stated that the BCLC
treatment recommendation concerning surgery for
HCC was too restrictive, and the authors suggested
updating the EASL/AALSD therapeutic guidelines.

Yang T, Lau WY, Zhang H, Huang B, Lu JH, Wu MC. Grey
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http://dx.doi.org/10.3748/wjg.v21.i27.8256

Hepatocellular carcinoma (HCC) is the sixth most
common cancer and the third most common cause of
[1,2]
cancer-related deaths worldwide . As HCC is usually
associated with cirrhosis, the treatment is complex
because of the need to be oncologically radical but liver
[3]
parenchymal-destruction conservative . Potentially
curative treatments for HCC include liver resection,
[4]
transplantation, or local ablative therapy .
The Barcelona Clinic Liver Cancer (BCLC) classi
[5]
fication has been endorsed as the optimal staging
system and treatment algorithm for HCC by the
European Association for the Study of Liver Disease
(EASL) and the American Association for the Study
[6,7]
of Liver Disease (AASLD) . The main prognostic
factors of this staging system are related to tumor
status (defined by the number and size of nodules,
the presence or absence of vascular invasion and the
presence or absence of extrahepatic spread), liver
function (defined by the Child-Pugh classification
and portal hypertension), and general performance
status defined by the Eastern Cooperative Oncology
Group (ECOG). The BCLC classification links stage
stratification with corresponding therapeutic recom
mendations, with liver resection recommended only
to those patients harboring early-stage tumors (BCLC
[1,5,7]
Stage A)
. However, a recent study published in Ann
[8]
Surg disclosed that in ten well-known hepatobiliary
tertiary referral centers in the West and the East, 50%
of patients harboring intermediate or advanced HCC
still underwent surgery despite the BCLC guidelines
recommend palliative treatments (chemoembolization
or oral sorafenib). As liver surgeons, we would like
to raise the following comments, which need to be
discussed with and further clarified by the BCLC
constitutors.
First, judgment subjectivity exists in the BCLC
classification to some extent, which takes root in
the assessment of the ECOG PS itself (an important
prognostic factor in this classification). According to
the definition of the BCLC classification, patients with
advanced HCC (i.e., BCLC stage C) include patients
with cancer-related symptoms (PS 1-2), vascular
[1]
invasion, extrahepatic spread, or a combination .
In other words, once the HCC patients have cancerrelated symptoms (PS 1 means still near fully
[9]
ambulatory and PS 2 means less than 50% ), they
should be classified as advanced HCC (i.e., BCLC
stage C). However, it is often difficult to judge whether
atypical symptoms such as abdominal pain or malaise,
are tumor-related or liver-related, as more than half
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A

B

Figure 1 Patient 1. A 55-year-old woman with a 30-year-history of hepatitis B virus infection presented with persistent right upper-quadrant pain. Her performance
status was 2, her AFP was > 1000 μg/L and her liver function was Child-Pugh A. She was diagnosed with a Barcelona Clinic Liver Cancer stage C hepatocellular
carcinoma (HCC) with compensated cirrhosis. A: MRI showed a single 3.0-cm tumor in segment 8 with exophytic growth towards the diaphragmatic dome; B: She
underwent curative liver resection for HCC in August 2007, and is still alive and disease-free.

A

B

Figure 2 Patient 2. A 42-year-old man presented with yellowish discoloration of skin. Liver function tests revealed obstructive jaundice. His performance status was 2,
his AFP was 512 μg/L and his liver function was Child-Pugh B. He was diagnosed with a Barcelona Clinic Liver Cancer stage C hepatocellular carcinoma with biliary
invasion. A: CT scan showed a 5.0-cm tumor with ill-defined margins in segment 6; B: MRCP showed a filling defect in the upper common bile duct.

A

B

Figure 3 Patient 3. A 60-year-old man with documented hepatitis B virus infection complained of sudden right abdominal pain and temporary loss of consciousness.
His performance status was 3 and his liver function was Child-Pugh A. He was diagnosed with hemorrhagic shock and a Barcelona Clinic Liver Cancer stage D
hepatocellular carcinoma (HCC) presenting with spontaneous rupture. A and B: Magnetic resonance imaging showed a single 5.5-cm tumor in segment 6 and
homogeneous liquid area around and below the right liver. He underwent emergency liver resection in January 2011 and subsequent abdominal wall metastasis
resection in December 2011. He is still alive but he has developed intrahepatic recurrence of HCC.
[23,24]

However, in two subsequent correspondences
,
Dr. Bruix (one of the BCLC constitutors) and other
renowned scholars pointed out the misclassification
between the BCLC stage A and B for some patients
[25,26]
in the study. In the subsequent replies
by the

WJG|www.wjgnet.com

authors, a large number of articles released by the
[1,5-7,27-32]
BCLC constitutors
were listed which clearly
indicated 5 cm was used as a cutoff point between the
BCLC stages A and B (intermediate), and the variable
of size was included as a criterion for the differentiation
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A

B

Figure 4 Patient 4. A 54-year-old man with long-standing chronic hepatitis B virus (HBV) infection and cirrhosis was diagnosed with hepatocellular carcinoma (HCC)
during an annual routine check-up. Six weeks before his hospitalization in our center, he received transcatheter arterial chemoembolization for HCC. His performance
status was 0 and his liver function was Child-Pugh A. He was diagnosed with a Barcelona Clinic Liver Cancer stage A? B? HCC and HBV-related cirrhosis. A:
Computed tomography scan showed a single 17.5-cm tumor in segments 5, 6, 7, and 8 with well-defined margins and sporadic lipiodol depositions within the tumor; H:
He underwent curative liver resection of HCC in July 2012, and is still alive.

with HCC.
In addition, it should be noted that only surgery,
radiofrequency ablation, TACE, oral sorafenib, and
symptomatic treatment were recommended in the
BCLC guideline, but many other effective or promising
treatment modalities for HCC have never been mentioned
by the BCLC treatment schedule, such as radiotherapy,
Yttrium (90) radioembolization, cryotherapy, microwave
coagulation therapy, laser therapy, traditional Chinese
[37-41]
medicine, immunotherapy, and so on
. Therefore,
it should be considered as biased and insufficient for
the BCLC treatment guideline, which may also need
to be further modified by the BCLC conductors in the
future.
It’s worth mentioning that nowadays the majority of
patients who are not considered ideal candidates based
on the BCLC guideline still agree to undergo hepatic
[8,42,43]
resection all around the world
. An international
[42]
multicenter study by Roayaie et al
which reported a
5-year overall survival rate of > 30% in the candidates
based on the current guidelines for HCC. This group of
patients accounted for nearly 70% of all the patients
who underwent hepatic resection during the study
period. These figures tell us currently there are many
hepatic surgeons who do not follow the guidelines for
[44-46]
HCC according to the BCLC recommendation
. Are
these surgeons irresponsible? Or have patients been
misled by these surgeons to make a wrong decision?
The superiority of the BCLC classification, when
compared with other existing staging systems, is
to provide treatment recommendations based on
different stages of HCC. However, the validity of some
of these recommendations requires further verification,
since most of them are based on observational
studies. Till now, there is still a lack of good high-level
evidences in the field of HCC treatment (only fewer
than one hundred RCTs on HCC have been published
[27]
in the medical literature) . Therefore, more clinical
evidences need to be created and accumulated in the
future. Admittedly, the evidences coming from RCTs

between these two stages (Figure 4). Beyond any
doubt, this is a high-level debate in academic circles
because most of these participating scholars have
published hundreds of academic papers in the field
of HCC. What is worth reflecting on is why such a
controversy on the BCLC classification should still exist
among these top experts in HCC. Would it be even
more confusing for the majority of ordinary clinicians?
It seems incredible to us that this recent debate on
which BCLC stage should a patient with HCC belong
to is still on-going, as the BCLC classification has been
[5]
proposed for 15 years and it has passed through
[1,32,33]
several sequential revisions
.
Undoubtedly, HCC is one of the most complicated
and heterogeneous disease which requires multi
disciplinary management by a team of hepatologists,
surgeons, interventional radiologists, oncologists,
pathologists, and nurses. The purpose of formulation
of a staging system is to provide accurate information
for easy classification of patients into different risk
groups. A precise staging helps to make therapeutic
decisions and to estimate prognosis. Unfortunately,
the best tool for staging HCC remains controversial.
The lack of a consensus on an HCC staging system
is mostly in part related to the heterogeneity in
[34]
treatment modalities at diagnosis . Therefore,
as we think, it is necessary to establish specific
HCC staging systems to assess prognosis, directed
toward different treatment modalities, for example,
for those patients with resectable or non-resectable
[35,36]
HCC
. Considering the most complexities of HCC
treatment among all malignancies, it was inadvisable
and impractical to try conducting a specific or sole
treatment modality for all HCCs by using a seemingly
simple but uniform treatment algorithm just like the
current BCLC guideline, which may well do more than
good in the real life. Therefore, this should be the
major intrinsic limitation of the BCLC classification,
since this so-called “authoritative guidance” attempts
generalize all probabilities of the treatment for patients
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are more reliable and valuable than those coming from
retrospective or prospective cohort studies, although
it is not desirable to underestimate, or even deny, the
true value of the latter types of studies. We should also
recognize that it is difficult, sometimes even impossible
to conduct a RCT, especially those involving surgery,
as funding support for a surgical research is always the
biggest obstacle compared with a new drug research.
Adding to the complexity on therapeutic researches on
HCC, whether multidisciplinary treatment is better than
singly therapy, and whether personalized therapy would
produce better results to an individual patient with HCC
are questions which have not been answered.
[1]
As Dr. Bruix said, further refinement is still needed
for the BCLC classification. We herein bring up our
doubts and confusions about the BCLC classification.
We hope to further discuss with peers and colleagues
with an aim to make the BCLC classification more
applicable to clinical practice in the future.
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Abstract
Liver cancer, a large proportion of which is hepato
cellular carcinoma (HCC), is diagnosed in more than
700000 people each year worldwide. Liver cancer
is particularly prevalent in Asia, Sub-Saharan Africa
and the South Pacific, where hepatitis B and hepatitis
C infection rates are very high. However, due to
resistance to chemotherapy, patients with intermediate
and advanced-stage disease cannot benefit from this
treatment. Clusterin, which is overexpressed in many
different cancers, is a stress-induced cytoprotective
protein that confers treatment resistance. Custirsen
(OGX-011) is a novel 2’-methoxyethyl modified phos
phorothioate antisense oligonucleotide that targets
secretory clusterin protein expression and is currently
in clinical trials for patients with different cancers. In
recent years, a number of different clinical trials have
been performed, and two phase Ⅲ clinical trials of
custirsen evaluating combinations with chemotherapy
in patients with metastatic castration-resistant prostate
cancer and metastatic non-small cell lung cancer are
currently in progress. The aims of this review are to
summarize the current state of research on clusterin,
predict future research directions and analyze the
potential of the clinical application of custirsen in HCC.
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Core tip: Resistance of liver cancer cells to chemo
therapy continues to be a major clinical obstacle to
extending the survival rate of patients with hepato
cellular carcinoma (HCC). Custirsen, targeting secretory
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clusterin protein expression, is currently in clinical
trials for patients with different cancers and considered
to play a role in chemosensitization. This review is to
summarize the current state of research on clusterin,
to predict future research directions and to analyze the
potential of the clinical application of custirsen in HCC.

on chromosome 8p21-p12, where it is organized
into nine exons, eight introns and a 5’-untranslated
region, and it encodes three different transcriptional
isoforms in humans [isoform 1, NM_001831, mRNA
(GenBank); isoform 2, NR_038335, non-coding RNA
(GenBank); and isoform 3, NR_045494, non-coding
[8]
RNA (GenBank)] . The latest data from GenBank
showed that isoform 1 encodes the functional protein
and isoforms 2 and 3 represent non-coding RNAs due
to the presence of an upstream ORF that is predicted
to interfere with translation of the longest ORF. In
humans, there are two proteins encoded by this gene:
secretory CLU protein (sCLU) (75-80 kDa) and nuclear
[9,10]
CLU protein (nCLU) (55 kDa)
. The CLU gene
encodes for an mRNA of 2877 bp, which translates to
a 449-amino acid polypeptide. The first 22 amino acids
of the secretory glycoprotein (75-80 kDa) represent
a classical hydrophobic leader signal sequence, and
these acids are translated into a leader polypeptide
that targets the protein to the endoplasmic reticulum
(ER). There, the 22-mer peptide is removed through
proteolytic processing, producing a 50-kDa precursor,
which is further processed to a 60-kDa form in the ER.
As the protein is transported to the Golgi complex, it
is glycosylated and further proteolytically cleaved into
two 40-kDa subunits, α- and b-chains. Then, the two
subunits are assembled into a heterodimeric complex,
[9,11]
which is linked by five disulfide bonds
. The nuclear
CLU protein (55 kDa) is synthesized from a truncated,
alternatively spliced nuclear clusterin mRNA, which
lacks exon Ⅱ (containing the first AUG and encoding the
ER-targeting secretion signal sequence). Exons Ⅰ and
Ⅲ are spliced together, placing the second in-frame
AUG in exon Ⅲ as the first available translation
start site. Translation of the nuclear clusterin mRNA
produces a about 49-kDa pre-nuclear clusterin (pnCLU)
protein, which localizes in the cytoplasm and remains
dormant, presumably by hiding the nuclear localization
site (NSL) within the C-terminal portion of the protein.
Following whole-body ionizing radiation (IR) or cell
damage, the pnCLU protein can be post-translationally
modified to generate a mature about 55-kDa proapoptotic protein form (nCLU), which has N-and
[10,12]
C-terminal coiled-coil domains
. Multiple reports
have shown that the sCLU protein is cytoprotective
and anti-apoptotic, whereas the nCLU protein is pro[10,13]
apoptotic
. Overexpression of sCLU in human
prostate cancer cells results in treatment resistance
and cytoprotection against TNF, androgen withdrawal,
and a variety of cytotoxic agents, such as paclitaxel,
gemcitabine, cisplatin and docetaxel, whereas
depletion of the sCLU protein using siRNA increases
[14-18]
sensitivity to treatment
. Similar sCLU properties
have been observed in chemoresistance to various
chemotherapeutic agents found in many other tumor
types, including breast, lung, kidney and pancreas
[13,17,19-22]
cancer cells
. Based on these results, targeting
sCLU to sensitize cancer cells to chemotherapy
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INTRODUCTION
Liver cancer is the sixth most common neoplasm and
the second most frequent cause of cancer-related
death worldwide, and hepatocellular carcinoma
(HCC) accounts for 70%-90% of the total liver cancer
[1-3]
burden . HCC is often associated with liver cirrhosis
resulting from major chronic liver diseases including
chronic hepatitis B and C virus infections, alcoholic
liver disease and non-alcoholic steatohepatitis.
Despite improved diagnostic techniques and increased
screening of high-risk patients in developed countries,
only 20%-30% of patients with HCC are diagnosed
in early stages and have the opportunity to receive
potentially curative treatments (surgical resection,
transplantation or local ablation). Another 20% of
patients have multifocal intra-hepatic tumors. For
these patients, trans-arterial chemoembolization
(TACE) has been considered a standard treatment
strategy. The remaining half of patients present with
advanced disease and must receive systemic therapy
[4,5]
without surgical treatment .
Decreasing tolerance to chemotherapy is the key
to improving the curative effects of systemic therapy
for HCC. Clusterin is a stress-induced cytoprotective
chaperone that confers treatment resistance and is
overexpressed in response to cellular stress across
a number of cancers, including standard cancer
treatments, such as hormone therapy, radiation therapy
and chemotherapy. Custirsen (OGX-011) is a novel
phosphorothioate antisense oligonucleotide (ASO)
compound that targets expression of the secretory
[6,7]
clusterin protein (sCLU)
. This review aims to
summarize important data and review research
progress about the role of novel targeted agents in
enhancing chemotherapy sensitivity and then indicate
the potential research direction in HCC.

CLUSTERIN GENE STRUCTURE AND
FUNCTION
The Clusterin (CLU) gene is a single-copy gene, located
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has become an attractive new strategy for cancer
treatment.

shown to be viable when combined with standard
doses of docetaxel. More importantly, although the
incidence of gastrointestinal toxicity was higher for
higher dose levels of custirsen, the overall toxicity of
the combination was mild or moderate. Furthermore,
the incidence and quality of these toxicities were
considered consistent with those of single-agent
docetaxel, and there was no significant worsening with
dose escalation. In addition, a consistent decrease
in serum clusterin level was observed at the 640 mg
dose, which has been recommended as the biologically
effective dose for subsequent phase Ⅱ trials. The third
trial, registered in Clinical Trials.-Gov., was an openlabel, one-arm, one-sequence crossover drug-drug
interaction study in advanced solid tumor subjects
whose aim was to evaluate the potential effects of
custirsen on the pharmacokinetics of paclitaxel. This
trial started on December 9, 2011, and was completed
in October 2013. The results of this trial are being
analyzed, and thus for, no original articles have been
published in PubMed (Table 1).

CUSTIRSEN (OGX-011) IN CLINICAL
TRIALS
Antisense oligonucleotide (ASO) therapy is a method
for inhibiting specifically targeted genes. ASOs are
short synthetic analogues of natural nucleic acids,
complementary to mRNA regions of a targeted gene
that induce selective degradation of the mRNA or
[23]
inhibit translation of the selected mRNA into protein .
Custirsen is a second-generation 2’-MOE-modified
phosphorothioate ASO, which is a 21-nucleoside
complement to the clusterin gene exon Ⅱ mRNA
translation initiation site with one CpG motif. It is
considered to be a potent inhibitor of sCLU expression
in vitro, in vivo and in human clinical trials, with no
[20]
apparent effect on the expression of nCLU . Hence,
custirsen plays the role of chemosensitization by
influencing the anti-apoptotic protein sCLU instead of
the pro-apoptotic protein nCLU. In preclinical studies,
custirsen significantly increased the treatment effects
of hormone therapy and chemotherapy in multiple
tumors, including non-small cell lung, prostate, breast,
[9,13,18]
bladder and kidney cancers
. Thus far, there
have been three phase Ⅰ and six phase Ⅱ clinical
trials, which have been completed with a total of 390
patients enrolled (101 patients in phase Ⅰ and 289
[24-29]
patients in phase Ⅱ)
.

Phase Ⅱ clinical trials

Six phase Ⅱ clinical trials of custirsen were performed
to further evaluate the safety and efficacy of custirsen
in combination with various cancer therapies: three
[26,27]
[28]
prostate cancer trials
; one lung cancer trial ;
[29]
and one breast cancer trial . In the breast cancer
trial, five of fifteen patients had confirmed partial
responses for an overall response rate of 33%, which
was one of the primary objectives of this trial. The
median duration of stable disease was 9.3 mo, and the
toxic effects were similar to those with single-agent
docetaxel. Serum clusterin levels as mean percentage
changes (relative to baseline) decreased to 23.3%,
25.9% and 32.1% on days 8, 15, and 22, respectively,
yet there was no relationship between the response
[29]
rate and the serum clusterin . Subsequently, in lung
cancer trial, the results were confirmed by Laskin
[28]
et al
In this trial, custirsen was administered for
patients with NSCLC. Tumor response to custirsen in
combination with gemcitabine/platinum occurred in 25
(31%) of 81 patients, and the 1- and 2-year survival
rates were 54% and 30%, respectively. The toxicity
of the combination was not obviously different from
what has been reported for gemcitabine/platinum
combinations. Serum CLU levels were significantly
decreased after custirsen treatment by day 1 of cycle 2
or 3, with 52 of the 55 patients exhibiting a reduction
in CLU during treatment compared with their baseline
levels (Table 2).
Then subsequently, a total of 82 patients with
metastatic CRPC were enrolled in a multicenter trial to
evaluate the clinical and biologic activity of custirsen in
combination with standard docetaxel and prednisone
[26]
treatment . Median serum clusterin decreased by
26% in the custirsen plus docetaxel/prednisone arm
(arm A, 41 patients) and increased by 0.9% in the

Phase Ⅰ clinical trials

Twenty-five patients with localized prostate carcinoma
and high-risk features (the first-in-humans phase Ⅰ trial),
were treated with custirsen (40 mg, 80 mg, 160 mg,
320 mg, 640 mg) by 2-h intravenous infusion on
days 1, 3, 5, 8, 15, 22, and 29 for one cycle. Then,
radical prostatectomy was performed within 7 d of
the last custirsen dose. In this trial, one subject was
designated to determine the relationship between the
plasma and prostate tissue concentration of custirsen
and clusterin expression in prostate tissues and lymph
nodes following dose-dependent custirsen treatments.
Custirsen treatment in all of the patients was well
tolerated and produced a custirsen distribution in the
prostate tissues, with a dose-dependent decrease in
clusterin expression and an associated increase in the
apoptotic index. Furthermore, an effective biologic dose
of 640 mg was established for phase Ⅱ trials, based on
its ability to suppress clusterin mRNA expression by >
[24]
[25]
90% . In the subsequent phase Ⅰ trial , 40 patients
with different malignancy types, including prostate,
ovary, renal, non-small cell lung, bladder and breast
cancers, were enrolled in two groups with treatments
of escalating doses of custirsen (40 mg-640 mg)
2
with weekly docetaxel (30 mg/m , intravenous) or
2
docetaxel (75 mg/m , intravenous) every 3 wk. In
this study, custirsen at a biologically active dose was
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Table 1 Summary of the phase Ⅰ clinical trials of custirsen
Clinical trial

Notes

Drugs

OGX-011-01[24]
Dose escalation, single-center study in patients
Buserelin,
Hormone therapy and OGX-011 before radical
receiving hormone therapy and custirsen prior to
custirsen
prostatectomy in treating patients with prostate cancer
radical prostatectomy
sodium,
(NCT00054106)
flutamide
OGX-011-2[25]
Dose escalation, multi-center, study with custirsen in
Custirsen
OGX-011 and docetaxel in treating patients with
combination with docetaxel in patients with CRPC,
sodium,
metastatic or locally recurrent solid tumors
NSCLC, breast, ovarian, bladder or renal cancer
docetaxel
(NCT 00471432)
OGX-011-10
Open-label, one arm, one-sequence crossover drugCustirsen,
A clinical study in cancer patients to investigate the
drug interaction study in advanced solid tumors
paclitaxel and
potential impact of custirsen on the blood levels of
subjects to evaluate the potential effect of custirsen
carboplatin
the chemotherapeutic drug, paclitaxel, when given
on the pharmacokinetics of paclitaxel
together as part of a treatment regimen
(NCT01497470)

Phase

25

Ⅰ

40

Ⅰ

36

Ⅰ

and an increase in the apoptotic index of prostate tumor
cells were observed, although neoadjuvant treatment
was not associated with pathologic complete response.

docetaxel/prednisone only arm (arm B, 41 patients). A
PSA decrease of ≥ 50 was observed in 23 patients in
arm A and 22 patients in arm B. The results from this
trial also showed that the median PFS time and the
median OS estimate were 7.3 mo and 23.8 mo in arm
A and 6.1 mo and 16.9 mo in arm B, respectively. This
trial demonstrated that clusterin is a useful therapeutic
target, and it supported the conclusion of improved
survival outcomes for patients treated with docetaxel
and custirsen, so further evaluation of the combination
(phase Ⅲ trial) is warranted. In a recent phase Ⅱ trial
of custirsen, male patients were randomized to receive
docetaxel/mitoxantrone in combination with custirsen
to evaluate the safety and efficacy of two second[27]
line treatments for mCRPC . Twenty patients were
treated with docetaxel plus custirsen (arm A), and
twenty-two patients were treated with mitoxantrone
plus custirsen (arm B). The overall survival rate and
median time to pain progression were 15.8 mo and
10.0 mo in arm A and 11.5 mo and 5.2 mo in arm
B, respectively. PSA decreases of 90% or more, 50%
or more, and 30% or more occurred in 4, 8 and 11
patients, respectively, in arm A, and PSA decreases of
50% or more and 30% or more in 6 and 7 patients,
respectively, in arm B. This trial provided the evidence
that combining custirsen with chemotherapy is
feasible in patients with progressive metastatic CRPC
following first-line docetaxel therapy and that custirsen
treatment significantly reduces the mean CLU level
during treatment, compared with baseline. For the first
time, this trial identified a correlation between serum
levels and survival that supported further evaluation
of serum CLU, which is being evaluated in phase Ⅲ
studies of custirsen as a predictive biomarker. Another
trial was designed to assess the effects of combined
hormone ablation therapy and weekly treatment with
custirsen prior to surgery in patients with localized
prostate cancer. Twenty-four patients were enrolled
in this trial and were treated with an LHRH agonist in
combination with weekly custirsen treatment for 12
wk, with prostatectomy performed within 14 d of the
last dose of custirsen. Decreased expression of clusterin
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Ongoing phase Ⅲ clinical trials

Currently, there are two randomized, global, phase Ⅲ
trials of custirsen in combination with chemotherapy
agents compared with chemotherapy agents alone.
The AFFINITY trial (NCT01578655) aims to compare
cabazitaxel/prednisone alone to a combination with
custirsen for second-line chemotherapy in prostate
cancer. This trial is a randomized, open-label, multi
center, international trial that was designed to confirm
that adding custirsen to cabazitaxel/prednisone
treatment can slow tumor progression and enhance
survival outcomes compared to standard cabazitaxel/
prednisone treatment in men with metastatic CRPC. A
total of approximately 630 patients will be randomized
in equal numbers to the two arms. The estimated study
completion date of this trial is December 2015. Another
phase Ⅲ trial, known as ENSPIRIT (NCT01630733),
has been designed to compare the overall survival
of patients randomized to receiving custirsen in
combination with docetaxel (arm A) to that of patients
randomized to receive docetaxel alone (arm B).
Eleven hundred patients with advanced or metastatic
NSCLC who have failed platinum-based therapy will be
required for this trial. This trial started in September
2012, and it is estimated to conclude in July 2017 (Table
3).

One completed phase Ⅲ trial

The phase Ⅲ SYNERGY trial was completed in April
2014, and was designed to confirm that adding
custirsen to standard first-line docetaxel/prednisone
treatment could slow tumor progression and enhance
survival outcomes compared to standard firstline docetaxel/prednisone treatment alone. In this
trial, 1000 male patients with prostate cancer were
randomly assigned with equal probability to two
arms. In the first half of 2014, the results from this
trial were announced by the company OncoGenex
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Table 2 Summary of the phase Ⅱ clinical trials of custirsen
Clinical trial
OGX-011-3[26]
Docetaxel and prednisone with or without OGX-011
in treating patients with recurrent or metastatic
prostate cancer that did not respond to previous
hormone therapy
(NCT00258388)

Notes

Drugs

Randomized, two-arm, open label, multicenter study in patients who received
docetaxel/prednisone with/without
custirsen

Custirsen sodium:
640 mg iv for 2 h-Cycle 1: days 7, 5, 3, 1, 8,
15 (4 wk cycle)
Docetaxel: 75 mg/m2 iv for 1 h-day 1
every 3 wk (3 wk cycles)
Prednisone:
5 mg PO bid
0GX-011-04
A single-arm, open-label, single center study LHRH agonist (hormone ablation) was
Hormone ablation therapy in patients with localized to assess the effects of combined hormone
given with weekly custirsen treatment
prostate cancer
ablation therapy and weekly treatment with for 12 wk and prostatectomy performed
custirsen prior to surgical removal of the
within 14 d of the last dose of custirsen
prostate gland
OGX-011-05[28]
An open-label trial to assess the safety and Custirsen sodium: 640 mg iv for 2 h Cycle
A study of OGX-011/Gemcitabine/Platinum-based
anti-tumor effect of OGX-011 when given
1: days 7, 5, 3 and days 1, 8, 15 of every
regimen in stage ⅢB/Ⅳ non-small cell lung cancer
to patients in combination with GEM and
21-d cycle
(NCT00138658)
CIS/CARB
GEM: days 1 and 8
Cisplatin/Carboplatin: day 1
6 cycle 2
OGX-011-06[29]
To study how well giving OGX-011 together Custirsen sodium: 640 mg iv for 2 h on
OGX-011 and docetaxel in treating women with
with docetaxel works in treating women
days 7, 5, 3, 1, 8 and 15 of cycle 1 and on
locally advanced or metastatic breast cancer
with locally advanced or metastatic breast
days 1, 8, 15 on the other cycle
(NCT00258375)
cancer
Docetaxel: 75 mg/m2 iv for 1 h on days 1
and 8
OGX-011-07[27]
A multicenter, open-label, randomized
Prednisone: 5 mg twice daily through
Evaluation of safety and feasibility of OGX-011 in
study evaluating the safety and feasibility
completion of the final treatment cycle.
combination with second line chemotherapy in
of custirsen in combination with second line Custirsen: 640 mg iv for 2 h on days 9 to
patients with HRPC
chemotherapy in patients with HRPC
1 of every cycle
(NCT00327340)
Mitoxantrone: 12 mg/m2, iv on day 1.
Docetaxel: 75 mg/m2, iv on day 1
Ⅱ
Assessing the effects of combined therapy with
An open-label, non-blinded, phase
Neoadjuvant hormone therapy: buserelin
androgen ablation and OGX-011 given prior to
clinical, tissue pharmacokinetic and
9.9 mg subcutaneously × 1 injection with
radical prostatectomy on pathologic complete
pharmacodynamics study of weekly
flutamide 250 mg orally tid for the first 4
response rates in men with localized prostate cancer OGX-011 and neoadjuvant hormone therapy
wk
and high risk features
prior to radical prostatectomy in patients OGX-011: 640 mg by intravenous infusion
(NCT00138918)
with localized prostate carcinoma and high
over 2 h on days 1, 3, and 5
risk features

82

24

81

15

42

45

[36,37]

CLU
. Today, this protein is officially named CLU.
It was detected for the first time in HCC by Tobe et
[38]
al , who found that SP40-40 could be expressed in
hepatoma cells and also provided further evidence
for the assignment of the human SP40-40 gene to
chromosome 8. sCLU is a unique glycoprotein thought
to be involved in numerous physiological processes,
including lipid transport, the regulation of complement
function, programmed cell death and membrane
recycling by regulating some potential pathways
[39]
(Figure 1) . The Burkey group found that human
HCC cells (HepG2) could secrete Apo lipoprotein J
(Apo-J), another name for sCLU, in association with
a significant amount of lipid, providing unequivocal
[35]
evidence that Apo-J could transport lipids . This
research also demonstrated that Apo-J was a secreted
lipid transport protein associated with all of the major
lipid classes that could play an important role in lipid
transportation. In addition, other researchers found
that TRPM-2 mRNA could be induced by heat shock
[40]
treatment of the human culture cell line HepG2 ;
and this heat shock induction was observed in culture
cells derived from different animal species. Because

Pharmaceuticals. The results suggested that custirsen
plus standard first-line docetaxel/prednisone therapy
did not display a statistically significant improvement
in overall survival in male patients with metastatic
CRPC, compared to docetaxel/prednisone alone
(median survival: 23.4 mo and 22.2 mo, respectively).
A thorough analysis of this trial must be performed
to explore the potential key factors that might have
contributed its results. Although the results of this
phase Ⅲ trial were unexpected, there are still two
phase Ⅲ trials and one phase Ⅱ trial ongoing. We need
to await the results from the ongoing trials to perform
a comprehensive analysis of data from completed trials
(Table 3).

Preclinical studies of sCLU in HCC

The CLU gene was first detected in ram rete testis
fluid and was subsequently found in many different
[30-32]
tissues
. Thus, at the beginning of study into the
[33]
gene, it had many different names, such as SGP-2 ,
[31]
[34]
[35]
SP40-40 , TRPM-2 , and ApoJ . After complete
cDNA cloning, sequencing and comparison, it was
proved that SGP-2 and TRPM-2 were identical to
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Table 3 Summary of the phase Ⅲ clinical trials of custirsen
Phase Ⅲ trial
ENSPIRIT
A multinational, randomized, open-label
study of custirsen in patients with advanced or
metastatic non-small cell lung cancer
(NCT01630733)

AFFINITY
Comparison of cabazitaxel/prednisone alone
or in combination with custirsen for second
line chemotherapy in prostate cancer
(NCT01578655)

SYNERGY
Comparison of docetaxel/prednisone to
docetaxel/prednisone in combination with
OGX-011 in men with prostate cancer
(NCT01188187)

Treatment and Arms

Patients, n

Completion Date

Arm A: Custirsen Docetaxel
Custirsen: Three loading doses of custirsen 640 mg iv over 2 h
administered in 5 to 9 d prior to day 1 of cycle 1, then custirsen 640
mg iv weekly every 21-d cycle
Docetaxel: 75 mg/m2 iv over 1 h on day 1 of every 21-d cycle
Arm B: Docetaxel
Docetaxel: 75 mg/m2 iv over 1 h on day 1 of every 21-d cycle until
disease progression, unacceptable toxicity, withdrawal of consent or
protocol specified parameters to stop treatment
Drugs: cabazitaxel, prednisone, custirsen sodium
Following 2 loading doses of custirsen (640 mg iv), cabazitaxel (25
mg/2 iv) is administered on a 3-wk cycle with weekly custirsen (640
mg iv) and daily prednisone (10 mg PO) until disease progression,
unacceptable toxicity, or completion of 10 cycles
Drugs: cabazitaxel, prednisone
Cabazitaxel (25 mg/m2 iv) is administered on a 3-wk cycle with
daily prednisone (10 mg PO) until disease progression, unacceptable
toxicity, or completion of 10 cycles
Drugs: custirsen sodium, docetaxel, prednisone
Docetaxel/prednisone on a 3-wk cycle with weekly OGX-011 640
mg infusions until disease progression, unacceptable toxicity, or
completion of 10 cycles.
Drugs: docetaxel, prednisone
Docetaxel/prednisone on a 3-wk cycle until disease progression,
unacceptable toxicity, or completion of 10 cycles

1100

July, 2017

630

December, 2015

1023

April, 2014

[45]

there might be a relationship between heat shock
[41]
and apoptosis , TRPM-2 might play a role in the
[40]
process of apoptosis . As research continued, sCLU
was found to be expressed in many human tumors,
including breast, lung, bladder, kidney and prostate
cancers. Its expression has been documented to
lead to broad-based resistance to other unrelated
chemotherapeutic agents such as doxorubicin and
[14-16,18]
cisplatin
. To explore the expression of clusterin
[42]
in HCC, Kang et al examined 100 surgically resected
HCCs using the tissue microarray method, and they
found that a total of 89 HCCs exhibited clusterin
overexpression, which was associated with poor
Edmondson’s histological grades and high TNM stages.
Another group demonstrated that CLU overexpression
was an important factor for metastasis and this might
be related to YKL-40 in playing the metastatic role in
[43]
HCC. However, the study by Aigelsreiter et al
found
the opposite results after analysis, and the authors
reported that the reasons for this discrepancy might
be methodological differences or differences in antigen
[44]
preservation. In addition, Hsieh et al
suggested
that dysregulation of the clusterin gene in human
hepatoma was most likely due to cellular responses to
external stresses, particularly during sample collection
procedures, rather than due to any correlations with
hepatoma development or progression. External
stresses or micro-environmental changes can greatly
affect gene or protein expression. Although there
is varying sCLU protein expression in a number
of different liver cancer tissues, sCLU might also
contribute to resistance of HCC to chemotherapy and
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could play a role in promoting HCC metastasis . Our
previous results demonstrated that overexpression of
sCLU abrogated OXA-induced inhibition of cell growth
and cell apoptosis, but depletion of sCLU synergized
with OXA to inhibit cell growth and enhance cell
apoptosis, by regulating the proteins involved in
mitochondrial apoptosis pathways. sCLU could be a
novel molecular target for overcoming OXA resistance
[21,22]
in HCC
. In recent years, an increasing number
of reports have provided evidence that a proteomic
approach is a promising method for discovering and
identifying novel biomarkers for HCC. In Asako Kimura’
s research, three-step proteome analyses were
performed in serum samples, and 83 up-regulated
proteins, the most significantly overexpressed of which
was sCLU, were found in the serum of HCC patients.
The overexpression of serum sCLU was confirmed
by ELISA using another group of HCC samples, and
the author confirmed that sCLU was a potential novel
[46]
serum marker for HCC . The same conclusion was
[47]
also verified by another research center . However,
opposite conclusions were obtained from three
[48-50]
different research groups
, all of which demon
strated that serum sCLU levels in HCC patients were
significantly lower than those in healthy patients
but statistically higher than in cirrhosis patients. The
reasons for this discrepancy might include that the
total number of cases was insufficient and that the
selection criteria for patients were different. Therefore,
a large number of clinical trials in different research
centers are necessary to explore the potential of serum
clusterin as a biomarker in HCC.
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Figure 1 Potential mechanisms of secretory clusterin in tumors[21,22,39]. ER: Endoplasmic reticulum; Cyto C: Cytochrome c; IGFR: Insulin-like factor receptor.

and clinicopathologic parameters in HCC patients, and
more samples are needed from HCC patients with
HBV or HCV infection from multiple research centers.
Second, in recent years, an increasing number of
reports have provided evidence that clusterin could
be a novel biomarker for HCC. However, the research
about the pertinence of sCLU expression in tumor
tissues and blood serum is limited. If we could find
the relationship between the sCLU expression in
tumor tissues and blood serum, in other words, if the
contents of sCLU in blood serum could predict the
expression of sCLU in tumor tissues, there will be of
great significance for the individualized treatment in
HCC. Third, understanding the mechanisms and the
signaling pathways regulated by sCLU could be critical
to unravelling the solution for multi-drug resistance in
HCC. Then, further investigations should be targeted
at the mechanisms and signaling pathways regulated
by sCLU in HCC. Furthermore, although additional

CONCLUSION
Custirsen (OGX-011) is a second-generation antisense
molecule designed to block the expression of the
protein sCLU, which is up-regulated in tumor cells
in response to treatment interventions, such as
chemotherapy, hormone ablation and radiation therapy.
In recent years, studies of the Clusterin gene have led
to the understanding of entirely new mechanisms of
cancer drug resistance (Figure 1). Studies from multiple
canters worldwide have indicated the potential for the
development of therapeutic strategies that aim to
overcome cancer cell drug resistance and the targeting
of clusterin as an early diagnostic serum biomarker in
HCC. However, in the coming years, questions remain
regarding the role of Clusterin gene in HCC that must
be explored. First, additional experiments exploring
the expression of sCLU in HCC tissues are required to
confirm the relationships between sCLU expression
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preclinical trials and clinical trials are necessary to
explore the role of sCLU in HCC, targeting the sCLU
with custirsen could also validate the approach as a
systemic therapy to increase chemotherapy sensitivity.
A deeper understanding of the mechanisms and the
role of sCLU in anticancer drug resistance might reveal
that custirsen is a valuable therapeutic agent for
overcoming anticancer drug resistance in advanced
HCC.
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Effects of Yttrium-90 selective internal radiation therapy on
non-conventional liver tumors
Andrew Kuei, Sammy Saab, Sung-Ki Cho, Stephen T Kee, Edward Wolfgang Lee

Abstract

Andrew Kuei, Stephen T Kee, Edward Wolfgang Lee,
Division of Interventional Radiology, Department of Radiology,
UCLA Medical Center, David Geffen School of Medicine at
UCLA, Los Angeles, CA 90024, United States

The liver is a common site of metastasis, with essen
tially all metastatic malignancies having been known
to spread to the liver. Nearly half of all patients with
extrahepatic primary cancer have hepatic meta
stases. The severe prognostic implications of hepatic
metastases have made surgical resection an important
first line treatment in management. However, limitations
such as the presence of extrahepatic spread or poor
functional hepatic reserve exclude the majority of
patients as surgical candidates, leaving chemotherapy
and locoregional therapies as next best options.
Selective internal radiation therapy (SIRT) is a form of
catheter-based locoregional cancer treatment modality
for unresectable tumors, involving trans-arterial
injection of microspheres embedded with a radioisotope Yttrium-90. The therapeutic radiation dose is
selectively delivered as the microspheres permanently
embed themselves within the tumor vascular bed. Use
of SIRT has been conventionally aimed at treating
primary hepatic tumors (hepatocellular carcinoma) or
colorectal and neuroendocrine metastases. Numerous
reviews are available for these tumor types. However,
little is known or reviewed on non-colorectal or nonneuroendocrine primaries. Therefore, the aim of this
paper is to systematically review the current literature
to evaluate the effects of Yttrium-90 radioembolization
on non-conventional liver tumors including those
secondary to breast cancer, cholangiocarcinoma, ocular
and percutaneous melanoma, pancreatic cancer, renal
cell carcinoma, and lung cancer.
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with 20%-30% of metastatic colon cancers being
[5,6]
confined to the liver . Most other tumors including
gastric cancer, pancreatic cancer, breast cancer, lung
cancer, neuroendocrine tumors, and melanoma com
[7]
monly present with systemic, disseminated disease .
Numerous studies in the past on surgical resection of
liver metastases have achieved improved survivability
with colorectal and neuroendocrine primaries over other
[8-11]
tumor types
. As such, the prognostic opportunity
for colorectal and neuroendocrine liver metastases has
attracted a majority of research in regional therapies
for the treatment of unresectable disease. The role
of regional therapy in treating non-conventional liver
metastases remains less studied and more con
troversial.
Selective internal radiotherapy (SIRT) or transarterial
radioembolization (TARE) with Yttrium-90 microspheres
is a targeted catheter-based therapy indicated for
unresectable metastatic liver tumors. Its efficacy is
centralized on two principles: (1) that hepatic tumors
source over 90% of their blood supply from the hepatic
artery; and (2) that tumor neovascularity is denser than
[12]
the surrounding parenchyma . During the procedure
Yttrium-90 microspheres are trans-arterially infused into
the liver. The beads penetrate and permanently embed
themselves within the tumor vascular bed, selectively
delivering the therapeutic radiation dose over two
[13-18]
weeks
.
Currently, Yttrium-90 microsphere products are
commercially available in either glass (TheraSphere) or
resin (SIR-Spheres). Therasphere is US Food and Drug
Administration (FDA) approved under a Humanitarian
Device Exemption in 1999 as radiation treatment or
neoadjuvant to surgery for unresectable hepatocellular
carcinoma. SIR-Spheres have received FDA approval
in 2002 for unresectable metastatic colorectal cancer.
Yttrium-90 radioembolization has also had documented
off-label use in the treatment of metastatic liver
disease with other known primaries. A number of
reviews and meta-analyses have been written on the
use of Yttrium-90 in the treatment of liver metastases,
however few broadly investigate results from non[6,12,19-29]
colorectal or non-neuroendocrine primaries
.
Our objective is to consolidate the current literature to
better delineate the response and survival outcomes of
Yttrium-90 radioembolization on non-conventional liver
tumors.

Core tip: Selective internal radiotherapy or transarterial
radioembolization with Yttrium-90 microspheres
is a targeted catheter-based therapy indicated for
unresectable metastatic liver tumors. A number of
reviews and meta-analyses have been written on the
use of Yttrium-90 in the treatment of liver metastases,
however few broadly investigate results from noncolorectal or non-neuroendocrine primaries. Our objec
tive is to consolidate the current literature to better
delineate the response and survival outcomes of
Yttrium-90 radioembolization on non-conventional liver
tumors including breast cancer, cholangiocarcinoma,
ocular and percutaneous melanoma, pancreatic cancer,
renal cell carcinoma and lung cancer.
Kuei A, Saab S, Cho SK, Kee ST, Lee EW. Effects of Yttrium-90
selective internal radiation therapy on non-conventional liver
tumors. World J Gastroenterol 2015; 21(27): 8271-8283
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i27/8271.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i27.8271

INTRODUCTION
In the United States and Europe, metastases to the
liver are forty times more common than primary
[1]
liver tumors . Nearly half of patients in the United
States with extrahepatic primary cancer have hepatic
[1]
metastasis . The prevalence of metastatic liver
disease is attributed physiologically to dual blood
supplies to the liver and the easily penetrable nature
of the fenestrated endothelium lining of the hepatic
[2]
sinusoids .
Essentially all metastatic malignancies have been
known to metastasize to the liver, with carcinomas being
histologically most common, followed by lymphomas
and sarcomas. Primary sites by frequency include
upper gastrointestinal including stomach, pancreas,
and gallbladder (44%-78%), colon (56%-58%), breast
(52%-53%), lung (42%-43%), esophagus (30%-32%),
[1]
genitourinary organs (24%-38%) .
Metastatic liver disease frequently originates
from the gastrointestinal tract via the portal venous
drainage. Another known but less common route of
metastasis is through systemic arterial circulation.
Lymphatic spread and peritoneal fluid extension is less
[1]
common .
Surgical resection is the first line treatment of all
liver metastasis, however the majority (over 75%) of
patients are excluded as surgical candidates, leaving
chemotherapy and locoregional therapies as the next
[3]
best option . Traditional contraindications to resection
include extrahepatic disease, unfitness for surgery, and
extensive liver involvement limiting the ability to leave
[4]
adequate hepatic functional reserve .
Isolated liver metastases amenable to local therapy
are more commonly associated with colorectal cancer,

WJG|www.wjgnet.com

LITERATURE RESEARCH
A systematic literature search was conducted using
PubMed, EMBASE, and Cochrane Library for “Yttrium-90”
and “Y90” as well as synonyms for “radioembolization”
and “liver metastasis.” A total of 28 studies containing
non-conventional primaries undergoing Yttrium-90
radioembolization were included for review. Studies
providing only unified results for multiple primary
tumors were excluded. Of the studies with results
distinguished by primary tumor, 10 studies contained
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breast, 6 contained melanoma, 8 contained cholang
iocaricnoma, 3 contained pancreatic, 2 contained renal
[30-50]
cell carcinoma, and 3 contained lung or thoracic
.

burden < 25% and 6 patients with tumor burden >
25% were 9.4 and 2.0 mo, respectively. The authors
concluded that although the tumor response with SIRT
was encouraging, the influence on survival remained
unclear.
[35]
A larger study in 2007 by Coldwell et al
included a total of 44 women with unresectable chem
orefractory BRCLM. On 12-wk follow-up CT, 47%
of 36 patients had a partial response by RECIST
criteria. 95% of all 44 patients showed a response
on PET scan. The patients had not met their median
survivability at 14 mo, however 86% of patients were
alive at that time. Patients non-responsive by CT or
PET scan had a median survival of 3.6 mo. Based on
an expected median survival of patients with advanced
breast cancer responding to standard chemotherapy
of 14 mo, the authors predicted the patients would
demonstrate an increase in overall survival.
[39]
In 2008, Jakobs et al
followed 30 unresectable
chemorefractory BRCLM patients undergoing SIRT.
Follow-up data available for 24 patients revealed
a 61% partial response rate by RECIST criteria.
Survivability in patients with no response correlated
[35]
closely to Coldwell et al
at 5.7 mo vs 3.6 mo. The
median overall survival of 11.7 mo corresponds closely
to the 9.4 mo survival in patients with < 25% tumor
[31]
burden in Bangash et al
considering the majority
(23/30) of patients fell under that criteria.
In 2013, the largest study to date reported SIRT
of 77 unresectable chemorefractory BRCLM patients.
Response rates were consistent with prior studies with
a partial response rate of 56% by RECIST criteria.
Median survival of 11.5 mo was nearly identical to that
[39]
reported by Jakobs et al . In patients ECOG 0, with
< 25% tumor burden and no extrahepatic disease,
[33]
median survival was promising at 14.3 mo .
[47]
Later that year, Saxena et al
reported their
experience with 40 patients affected by unresectable,
chemoresistant BRCLM. Response rates were lower
than prior studies at 31% overall, however complete
response was observed in 5% of patients. Conversely,
median survival was slightly higher than prior studies
at 13.6 mo.
[50]
In 2014, Gordon et al
studied 75 patients with
progressive chemorefractory breast cancer liver
metastasis and stable extrahepatic disease reports
a significantly lower median OS of 6.6 mo. The
patient cohort consisted of over 40% of patients
with tumor burden greater or equal to 25%, which is
proportionally higher than the tumor burdens reported
in other studies mentioned above. Partial response and
stable disease was reported in 35.3% and 63.2% of
patients respectively.
In summary, multiple studies have demonstrated
Yttrium-90 SIRT as an effective procedure for
unresectable chemoresistant BRCLM. Collective
analysis of current literature ranges response rates
between 18%-61% and median overall survival
between 6.6 to 13.6 mo. Though response rates and

BREAST CANCER
Breast cancer is the most commonly diagnosed
cancer in women, expected to account for 29% of
[51]
all new cancers diagnosed among women . Breast
cancer confined to the primary site has a promising
prognosis, with estimated 5-year survival rates
[51]
exceeding 99% . Overall survival has continued to
steadily improve with risk of death decreasing 1%-2%
[34,51]
annually
. The outlook significantly worsens for the
estimated 20%-30% of patients who develop distant
metastatic disease, with 5-year survival rates as low as
[51-53]
16%-25%
. Surveillance, Epidemiology, and End
Results (SEER) data from the National Cancer Institute
collected between 1973 and 1995 estimate cumulative
survival with metastatic breast cancer at time of
[54]
diagnosis is estimated at 18.5 mo . Median survival
in patients with unresectable, chemoresistant breast
cancer liver metastases (BRCLM) ranges between 3-10
[55]
mo . The majority of patients with fatal metastatic
breast cancer (up to 60%) die of liver failure caused
[35,56,57]
by hepatic metastasis
.
Clinical management for breast cancer liver
metastases has predominantly involved systemic
chemotherapy over surgical resection for a multitude
of reasons. First, effective chemotherapy has long
been established before other metastatic tumor types
such as colorectal cancer, where surgical resection
was considered the first-line treatment early on.
Second, liver metastases are considered an ominous
sign of poor outcome relative to other metastatic
[58]
sites . Third, solitary liver metastases are rare in
the setting of breast cancer (< 5%). Less than 20%
[58-60]
of patients qualify as surgical candidates
. As a
result, it is imperative that alternative therapies for
patients with unresectable, chemoresistant BRCLM
to be investigated. Among the therapies available
are transarterial chemoembolization, transarterial
radioembolization or SIRT, radiofrequency ablation,
and stereotactic therapy.
Of the studies on SIRT of non-conventional liver
metastases, breast cancer is the most studied (Table
1). So far we found 7 exclusively BRCLM SIRT stu
[31,33,35,39,47,48,50]
dies
in addition to 3 mixed primary studies
that provide discrete response data on the patients with
[34,45,46]
breast primaries
.
The first study investigating survival of BRCLM
patients undergoing SIRT was in 2007 by Bangash
[31]
et al
who assessed 27 patients with progressing
liver metastases on polychemotherapy. Of the 23
patients who made it to the 90-d follow-up computed
tomography (CT) scan, 39.1% showed either
complete or partial response by WHO criteria. 63%
of all 27 patients showed positive tumor response on
PET. Median survival for the 21 patients with tumor
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Table 1 Breast cancer studies n (%)
Type
of mets
(patients)

Response criteria

Therasphere
(mean 1.52 Gbq)

Breast (75)

RECIST and PET
@ 1.4 mo (median)

Seyal et al[48]
(8/2014, RS)

Unspecified
(no dosage info)

Breast (21)
34 lesions

Saxena et al[47]
(12/2013, RS)

SIR-Spheres
(mean 1.67 Gbq)

Breast (40)

Cianni et al[33]
(1/2013, RS)

SIR-Spheres
(median 1.9 Gbq)

Breast (77)

Jakobs et al[39]
(5/2008, PC)

SIR-Spheres
(mean 1.9 Gbq)

Breast (30)

SIR-Spheres
(median 2.1 Gbq)

Breast (44)

Author

Type of microsphere

(publish date and study
type)
Gordon et al[50]
(8/2014 Epub, RS)

Coldwell et al[35]
(3/2007, RS)

Bangash et al[31]
(5/2007, PC)

(average dosage or activity)

Therasphere
Breast (27)
(median 1.70 Gbq, mean 2.05 Gbq)

Cianni et al[34]
(1/2010, RS)

SIR-Spheres
(mean 1.64 Gbq)

Reiner et al[46]
(1/2014, PC)

SIR-Spheres
(mean 1.5 Gbq)

Pöpperl et al[45]
(4/2005, PC)

SIR-Spheres
(mean 2.27 Gbq)

Breast
(32, data
extracted
from larger
study)
Breast
(1, data
extracted
from larger
study)
Breast
(4, data
extracted
from larger
study)

Response

Median OS

st

@ 1 assessment
RECIST
6.6 mo
24 (35.3) PR
43 (63.2) SD
1 (1.5) PD
7 lost
PET
3 (12) CR
18 (72) PR or SD
4 (16) PD
50 lost
RECIST 1.1
34 lesions
None
@ unspecified
6 (17.7) PR
27 (79.4) SD
1 (2.9) PD
RECIST
2 (5) CR
13.6 mo
@ 1 mo
10 (26) PR
15 (39) SD
11 (29) PD
2 lost
RECIST and PET
29 (56) PR
11.5 mo
@ 1.8 mo
18 (35) SD
5 (10) PD
25 ineligible
RECIST
14 (61) PR
11.7 mo (all)
@ 4.2 mo (median)
8 (35) SD
23.6 mo (responders)
1 (4) PD
5.7 mo (nonresponders)
7 lost
RECIST and PET
RECIST
Median OS not reached
@ 2.8 mo
17 (47) PR
17 (47) SD
86% 14-mo survival
2 PD (5) PD
8 lost
PET scans
42 (95) response
2 (5) no response/progression
WHO and PET
WHO
Median OS not given.
@ 3 mo
9 (39.1) CR/PR
6.8 mo (ECOG 0)
12 (52.1) SD
2.6 mo (ECOG 1,2,3)
2 (8.8) PD
9.4 mo (< 25% tumor
4 lost
burden)
PET
2.0 mo (> 25% tumor
17 (63) response
burden)
10 (37) no response
RECIST
14 (44) CR/PR
None
@ 1.8 mo
11 (34) SD
7 (22) PD

RECIST 1.1
@ 4 mo

1 (100) CR/PR

None

PET
@ 3 mo

3 (100) Regression
1 lost

None

PC: Prospective cohort study; RS: Retrospective study; CR: Complete response; PR: Progressive response; PD: Progressive disease; SD: Stable disease; OS:
Overall survival; OR: Overall response.
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[72-74]

survival outcomes vary significantly depending on
selection criteria, they are generally improved over
past controls. Breast cancer metastasis are often
uniformly hypervascular and slow growing, which
based on previous studies with colorectal carcinoma
and neuroendocrine tumors make it an ideal target
[35,61,62]
for SIRT
. BRCLMs also typically present
numerous and widespread, placing limitations on what
other therapies such as stereotactic radiotherapy or
conventional chemoembolization can achieve while
maintaining adequate liver function. Still, the tendency
of BRCLM to present with extrahepatic involvement
limits SIRT from a prognostic perspective. Although
the number of studies on the effects of SIRT on breast
cancer metastasis is gradually increasing, they have
so far involved only relatively small, heterogenous
patient cohorts. In order to validate SIRT as a potential
first-line adjuvant to chemotherapy, larger multicenter
randomized control studies are needed. The poten
tially synergistic relationship with post-treatment
chemotherapy also warrants further investigation and
[47]
careful consideration in select patients .

three more recent studies
. The first study by
[74]
Mouli et al
expands on the pilot study by Ibrahim
[69]
et al , adding 22 patients to the previous cohort. In
the study, 25% of patients exhibited partial response
by WHO criteria. Overall survival varied significantly
between solitary (14.6 mo) and multifocal (5.7 mo)
[74]
[72]
lesions . The second study by Camacho et al
on
21 chemorefractory ICC patients reports a median
[73]
survival of 16.3 mo. The last study by Filippi et al
on 18 ICC patients reports an 82.5% response rate
by PET scan and a median overall survival of 14.8 mo.
Survivability data from the 3 most recent reports are
consistent with the 13.9 mo overall survival by meta[63]
analysis reported by Beohm et al .
Yttrium-90 SIRT is considered at some centers
a preferred first-line therapy for low-tumor burden
[74]
ICC . Reasons for this include the benefit of being
able to downstage previously unresectable ICC for
curative resection. Though median overall survival
data is shorter than that of hepatic arterial infusion,
Yttrium-90 therapy carries fewer risks including not
having to implant a chemoinfusion port.

CHOLANGIOCARCINOMA

OCULAR AND CUTANEOUS MELANOMA

Intrahepatic cholangiocarcinoma (ICC) is the second
most common primary liver malignancy after hepa
tocellular carcinoma. Incidence of ICC has been on the
[63,64]
rise
. Median overall survival of patients for ICC
patients is currently 22 mo. Untreated, median survival
[65]
with ICC is significantly lower at 3-8 mo . Curative
resection is the mainstay of therapy in ICC, however
few qualify mostly due to advanced hepatic disease.
ICC is rapidly fatal for those with unresectable disease,
though improvements in non-operative therapy have
brought median survival in unresectable disease to 15
[66]
mo vs 6 mo before the year 2000 . Treatment has
traditionally involved systemic chemotherapy agents
[67]
5-flourouracil and leukovorin . Newer palliative
agents like floxuridine and gemcitabine as well as
liver directed techniques like hepatic arterial infusion,
transarterial chemoembolization, and transarterial
radioembolization have been selectively implemented
in the past decade.
ICC has recently accumulated a small body of
studies dedicated toward liver directed treatment
with yttrium-90 SIRT (Table 2). Our literature search
found 8 ICC-only SIRT studies, mostly published
within the past two years (2013-2014). A systematic
[63]
review and meta-analysis by Boehm et al
draws
[3,68-71]
conclusions from 5 of these studies
. In the metaanalysis, the highest median overall survival was
with hepatic arterial infusion (22.8 mo) compared to
transarterial radioembolization (13.9 mo), transarterial
chemoembolization (12.4 mo), and drug-eluting
transarterial chemoembolization (12.3 mo). The
authors point out the results should be interpreted
with caution due to potential selection bias.
Not included in the analysis by Boehm et al are

Melanoma is a less common yet particularly lethal
form of skin cancer, accounting for 75% of skin
cancer related deaths. The most common types of
melanoma are cutaneous (over 90%) and ocular
[75,76]
(around 5%)
. Unlike most other cancer types, the
[51]
incidence of cutaneous melanoma is on the rise .
Though ocular and cutaneous melanomas both arise
from melanocytes, they have distinct patterns of
disease progression. Ocular (uveal) melanomas have a
tendency to metastasize to the liver (occurring in 95%
of metastatic disease), whereas liver metastasis occurs
in just 15%-20% of metastatic cutaneous melanomas.
With either type of melanoma, liver metastasis is
attributed to a grim prognosis and is often the cause
[77,78]
of death
. Reported median overall survival is 2.4
mo with liver involvement, 7.2 mo with non-visceral
[79]
metastases, and 11.4 mo with lung metastases .
As a first-line treatment, standard chemotherapy has
been traditionally ineffective, though new research has
shown improved survival with vemurafenib and new
[80,81]
immunotherapies like ipilimumab
. For those with
chemorefractory liver metastases, liver directed therapy
is a preferred approach to reduce tumor burden and
prolong overall survival. Surgical resection is not a
viable option for the majority (91%) of patients based
[37]
on extensive hepatic or extra-hepatic involvement .
Transcatheter therapy via transarterial infusion (TAI)
chemotherapy and transarterial chemoembolization
have had reported favorable response rates and
improved clinical outcomes in those with unresectable
[49]
liver metastases .
In addition, four studies have been done on
yttrium-90 SIRT of melanoma liver metastases (Table
[40]
3). The first study in 2009 by Kennedy et al
on 11
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Table 2 Cholangiocarcinoma studies n (%)
Author

Type of microsphere

(publish date and
study type)
Ibrahim et al[69]
(10/2008, PC)

(average dosage or activity)
Therasphere
(median 105.1 Gy)

Type of mets
(patients)

Response criteria

ICC (24)

WHO
@ 1 mo

Saxena et al[71]
(2/2010, PC)

SIR-Spheres
(mean 1.76 Gbq)

ICC (25)

RECIST
@ 8.1 mo (median)

Haug et al[68]
(6/2011, PC)

SIR-Spheres
(no dosage info)

ICC (26)

RECIST
@ 2.8 mo

SIR-Spheres
(median 1.54 Gbq)

ICC (33)

RECIST
@ 3 mo

Rafi et al[70]
(4/2013, PC)

SIR-Spheres
(mean 1.20 Gbq)

ICC (19)

RECIST
@ 3 mo

Mouli et al[74]
(8/2013, PC)

Therasphere
(no dose info)

WHO
@ 1 mo

Camacho et al[72]
(2/2014, PC)

SIR-Spheres
(no dose info)

ICC (46)
Note: overlaps
with Ibrahim et al
ICC (21)

Hoffmann et al[3]
(2/2012, RS)

Filippi et al[73]
(8/2014, PC)

SIR-Spheres
(not given)

Response

Median OS

6 (27) PR
15 (68) SD
1 (5) PD
2 lost
6 (26) PR
11 (48) SD
5 (22) PD
2 lost
5 (22) PR
15 (65) SD
3 (13) PD
3 lost
12 (36) PR
17 (52) SD
4 (12) PD
2 (11) PR
13 (68) SD
4 (21) PD
11 (25) PR
33 (73) SD
1 (2) PD
RECIST
1 (4.7) PR
16 (76.2) SD
4 (19.1) PD
mRECIST
13 (62.0) PR
4 (19.0) SD
4 (19.0) PD
EASL
2 (9.5) PR
15 (71.4) SD
4 (19.1) PD
14 (82.3) PR
3 (17.6) SD

14.9 mo

st

@ 1 assessment

RECIST
mRECIST
EASL
@ 1 mo

ICC (18)

PERCIST
@ unspecified

31.8 mo (solitary)
6.1 mo (extrahepatic disease)
9.3 mo

11.7 mo

22 mo

11.5 mo

No median OS
14.6 mo (solitary)
5.7 mo (multifocal)
16.3 mo

14.8 mo

ICC: Intrahepatic cholangiocarcinoma; PC: Prospective cohort study; RS: Retrospective study; CR: Complete response; PR: Progressive response; PD:
Progressive disease; SD: Stable disease; OS: Overall survival; OR: Overall response.

uveal melanoma patients reported a strikingly high
response rate of 77% with a 1-year survival of 80%.
One patient that failed 13 prior bland embolization
procedures had complete response after one radio
embolization treatment.
[37]
In 2011, Gonsalves et al
studied a larger cohort
consisting of 32 patients with hepatic metastasis of
uveal melanoma. In contrast to the prior study by
[40]
Kennedy et al
just 6% had treatment response by
RECIST criteria. Median overall survival was 10.0 mo.
The low response rate was attributed to the inclusion
of salvage patients with bulky, treatment resistant
progressive lesions and high tumor burden (7 patients
above 25% hepatic tumor burden). Of note, median
radiation treatment activity in the study by Gonsalves
[37]
[40]
et al was 1.08 Gbq vs 1.55 Gbq in Kennedy et al .
[42]
In 2014, Memon et al
published a mixed mela
noma type study consisting of 7 ocular, 4 cutaneous,
3 rectal and 2 unknown melanomas. Response to
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therapy was 31% by RECIST criteria. Median overall
survival was short at 7.6 mo, attributed to high
tumor burden (56% of patients had > 25% tumor
burden) and the presence of extrahepatic disease
(63%) at presentation. The authors conclude that
further investigations are needed to rationalize
radioembolization over other forms of locoregional
therapies.
[49]
Later that year, Xing et al
published a slightly
larger mixed melanoma type study consisting of 15
ocular and 13 cutaneous melanomas compared to a
supportive care group of 30 patients. Two patients
suffered yttrium-90 SIRT related mortality in the
study. Though imaging response by RECIST criteria
was comparable to prior studies at 21% (5/24
patients at follow up), median overall survival was
relatively longer at 10.1 mo from time of SIRT therapy.
Median overall survival between cutaneous and uveal
metastatic melanoma is reported to be similar. The
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Table 3 Melanoma studies n (%)
Author

Type of microsphere

Type of mets (patients)

Response criteria

(average dosage)

Xing et al[49]
(8/2014, RS)

SIR-Spheres
(mean 1.86 Gbq)

Melanoma (28)
13 cutaneous
15 ocular

RECIST 1.1
@ 0.9-1.4 mo

Therasphere

Melanoma (16)

(6/2014, RS)

(median 1.87 Gbq)

7 ocular
3 rectal
4 cutaneous
2 unknown

WHO, RECIST, and
EASL
@ 0.9 mo

Gonsalves et al[37]
(2/2011, RS)

SIR-Spheres
(median 1.08 Gbq)

Ocular melanoma (32)

RECIST 1.0
@ 1 mo

Kennedy et al[40]
(7/2009, RS)

SIR-Spheres
(median 1.55 Gbq)

Ocular melanoma (11)

RECIST
@ 1.4 mo

SIR-Spheres
(mean 1.5 Gbq)
SIR-Spheres
(no dosage info)

Melanoma (2, data extracted from
larger study)
Ocular melanoma (1, data extracted
from larger study)

RECIST 1.1
@ 4 mo
RECIST
@ 2 mo

Memon et al[42]

Reiner et al[46]
(1/2014, PC)
Lim et al[41]
(4/2005, PC)

Response

Median OS

5/28 (21) PR
9/28 (38) SD
10/28 (42) PD
4 lost
WHO

10.1 mo

st

(publish date and study type)

@ 1 assessment

5 (31) CR/PR
8 (50) SD
3 (19) PD
RECIST
5 (31) CR/PR
8 (50) SD
3 (19) PD
EASL
6 (38) CR/PR
7 (43) SD
3 (19) PD
1 (3) CR
1 (3) PR
18 (56) SD
12 (38) PD
1 (11) CR
6 (66) PR
1 (11) SD
1 (11) PD
2 lost
1 (50) CR/PR
1 (50) SD/PD
1 (100) PD

7.6 mo

10.0 mo

Median OS not
reached

None
None

PC: Prospective cohort study; RS: Retrospective study; CR: Complete response; PR: Progressive response; PD: Progressive disease; SD: Stable disease; OS:
Overall survival; OR: Overall response.

authors mentioned that the 19.9 mo median overall
survival from time of hepatic metastases compares
favorably over prior metastatic melanoma studies
with other forms of treatment including systemic
chemotherapy (12.0 mo), transarterial infusion (14.0
mo), transarterial chemoembolization (9.03 mo).
Given the hypervascular and aggressive nature of
melanoma liver metastases, locoregional treatment
with SIRT appears to be a reasonable approach at
reducing disease progression. Median overall survival
ranges from 7.6 to 10.1 mo, substantially improved
over the expected less than 3 mo reported decades
[79]
ago . As with many other tumor types, patients
undergoing SIRT with less hepatic involvement and
the absence of extrahepatic disease tend to achieve
better survival rates. Based on the few small cohort
studies so far, SIRT has been demonstrated to be safe
and effective at prolonging survival, however without
further comparative studies the ideal selection criteria
and benefit over other regional therapies remains
uncertain.
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PANCREATIC CANCER
Metastatic pancreatic cancer carries a notoriously
[82]
dismal prognosis . Systemic chemotherapy cen
tralized around Gemcitabine, the current mainstay of
treatment, brings median overall survival to around
[83-85]
5-7 mo
. Initial reports with advanced pancreatic
cancer using the novel chemotherapy regimen
FOLFIRINOX introduced in 2010 documented a median
overall survival of 11.1 mo, the most significant
[86]
improvement in survival seen thus far . Among the
treatment options specific to pancreatic cancer liver
metastases, surgical resection of liver disease at the
time of pancreatic resection has had high complication
[87-90]
rates and poor long-term outcomes
. Alternative
locoregional therapies such as Yttrium 90 SIRT have
been investigated as adjuncts for the purpose of
slowing disease progression.
A paucity of clinical data exists on Yttrium-90 SIRT
for liver metastases of pancreatic cancer patients (Table
4). So far just 2 small cohort, single center studies
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Table 4 Pancreatic cancer studies n (%)
Author

Type of microsphere

(publish date and
study type)

Type of mets (patients)

Response criteria

Response

Median OS

9/13 (64.3) PR
4/13 (35.7) PD
6 lost
2 (40) PR
1 (20) SD
2 (40) PD
2 lost
1 (100)
Regression

9 mo

st

(average dosage or activity)

@ 1 assessment

Michl et al[43]
(12/2013, RS)

SIR-Spheres
(1.0-2.5 Gbq)

Pancreatic (19)

RECIST
@ 2.6 mo (median)

Cao et al[32]
(11/2010, RS)

SIR-Spheres
(no dosage info)

Pancreatic (7)

RECIST
@ 1-2 mo

Pöpperl et al[45]
(4/2005, PC)

SIR-Spheres
(mean 2.27 Gbq)

Pancreatic (1, data extracted
from larger study)

PET
@ 3 mo

No median OS
1 patient survived to 15 mo

None

PC: Prospective cohort study; RS: Retrospective study; CR: Complete response; PR: Progressive response; PD: Progressive disease; SD: Stable disease; OS:
Overall survival; OR: Overall response.

have been published. The first small study in 2010
[32]
by Cao et al
included 7 pancreatic adenocarcinoma
patients with liver metastases. 2 patients died prior
to initial follow up. Two (40%) of the remaining 5
exhibited partial response by RECIST criteria. Average
median survival is not provided, but the authors report
that one patient survived nearly 15 mo after SIRT
[32]
therapy . A second, slightly larger study in 2014
[43]
by Michl et al
on 19 chemorefractory pancreatic
patients with metastatic liver disease reports an
encouraging median overall survival of 9.0 mo. 5
patients died and 1 patient was omitted for disease
progression prior to initial follow up. Of the 13 patients
at initial follow up, 64.3% exhibited partial response
by RECIST criteria. 9 patients received adjuvant
chemotherapy after surgery. The authors also found a
correlation with serum markers CA 19-9 and CRP and
shorter overall survival.
Though the limited available data makes survi
vability benefits unclear, initial reports as a salvage
treatment are encouraging. Median survival with
the small cohort is attributed to a roughly 2-4 mo
improvement over conventional gemcitabine com
bination therapy alone, however improvement over
the new chemotherapy regimen FOLFIRINOX has yet
to be demonstrated. Response rates by RECIST criteria
are consistent with established response rates with
colorectal and neuroendocrine metastatic liver disease.
Further studies are needed to delineate the proper
patient selection criteria for optimal patient outcome.

survival has more than doubled to greater than 2
[91]
years . Approximately 33%-50% of patients with
renal cell carcinoma eventually develop metastatic
[92,93]
disease
. Metastatic RCC is frequently unresponsive
to external beam radiotherapy, high-dose IL-2 and
[93]
systemic chemotherapy . The most common site of
metastases is the lung (45%-75%). Metastatic disease
to the liver affects 20%-40% of patients, and the
overwhelming majority (over 96%) are accompanied
[93-96]
by widespread disease
. Patients with hepatic
involvement have a reported median overall survival of
[97]
7.4 mo . Though few patients qualify, the relatively
uncommon procedure of surgical resection of hepatic
metastases has shown promising survival outcomes
at the cost of significant morbidity and mortality risks.
Two-year overall survival for metastatic renal cell
carcinoma with and without hepatectomy has been
[93]
reported at 40% and 10%, respectively . Experience
with locoregional therapies like SIRT in the treatment
of renal cell carcinoma liver metastases is very limited
(Table 5).
The pilot study for yttrium-90 SIRT of chem
orefractory renal cell carcinoma liver metastases was
[30]
in 2012 by Abdelmaksoud et al
Median overall
survival for 6 patients was 12 mo. Of the 5 patients
that made it to initial follow-up, 3 (60%) had complete
response and 1 (20%) had partial response by RECIST
criteria. Two patients died within 2 mo of treatment
from unrelated extra-hepatic causes. A case report
[38]
published in 2013 by Hamoui et al
on a 76-yearold woman with metastatic sarcomatoid renal cell
carcinoma undergoing palliative SIRT was done on
both a left renal tumor and the right hepatic lobe.
CT scan at 8 wk and 3 mo both showed stability of
the renal cell carcinoma and hepatic metastases.
At past 9 mo, the patient subsequently developed
worsening metastatic disease and died 23 mo after
radioembolization.
Like neuroendocrine tumors, the hypervascular
nature of renal cell carcinoma makes for an attractive
[98]
target for treatment of liver metastasis with SIRT .
Additionally, patients with numerous metastatic foci

RENAL CELL CARCINOMA
Renal cell carcinoma (RCC) is currently responsible
for 2%-3% of malignancies in the US. Incidence
of RCC in the U.S. is on the rise, with an estimated
over 63000 new cases and over 13000 deaths are
[51]
expected in 2014 . Cumulative 5-year survival rates
for all US RCC patients have improved from 50%
[51]
in 1975-1977 to 73% in 2003-2009 . With the
advent of newer targeted therapies including antiVEGF and m-TOR targeted agents, median overall
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Table 5 Renal cell carcinoma studies n (%)
Author

Type of microsphere

(publish date and study type)
Abdelmaksoud et al[30]
(3/2012, RS)

Hamoui et al[38]
(2/2013, case report)

Type of mets (patients)

Response criteria

Response

Median OS

3 CR (60)
1 PR (20)
1 PD (20)
1 lost
1 (100) SD

12 mo

st

(average dosage or activity)

@ 1 assessment

SIR-Spheres
(median 1.89 Gbq)

RCC (6)

mRECIST
@ 25 mo (mean)

Therasphere
(80 Gy)

RCC (1)

Unspecified
@ 1.8 mo

Patient died 23 mo after SIRT

SIRT: Selective internal radiation therapy; RS: Retrospective study; CR: Complete response; PR: Progressive response; PD: Progressive disease; SD: Stable
disease; OS: Overall survival.

Table 6 Lung or thoracic cancer studies n (%)
Author

Type of microsphere

(publish date and study type)

Type of mets (patients)

Gaba et al[36]

Therasphere

(8/2012, case report)

(1.57-3 Gbq)

Response criteria

Response

Median OS

2 (100) CR

Patient 1: Alive 11
mo after SIRT
Patient 2: Alive 2
mo after SIRT
2.7 mo

st

(average dosage or activity)

@ 1 assessment
Squamous cell lung cancer (2)

PET CT
@ 2-3 mo

Murthy et al[44]
(2/2008, RS)

SIR-Spheres
(no dosage info)

Lung cancer (6)
2 carcinoids
3 adenocarcinomas
1 small cell carcinoma

Unspecified
@ unspecified

Reiner et al[46]
(1/2014, PC)

SIR-Spheres
(mean 1.5 Gbq)

NSCLC (1, data extracted from
larger study)

RECIST 1.1
@ 4 mo

1 (17) PR
1 (17) “minor
response”
1 (17) SD
3 (50) PD
1 (100) CR/PR

None

SIRT: Selective internal radiation therapy; RS: Retrospective study; PC: Prospective cohort study; CR: Complete response; PR: Progressive response; PD:
Progressive disease; SD: Stable disease; OS: Overall survival.

[102]

difficult to treat by ablation and stereotactic techniques
may be better off with treatment via transarterial
infusion. Post-operative pain with SIRT is expected
to be less than other embolization procedures like
chemoembolization and bland embolization because
[38]
SIRT doesn’t cause large vessel occlusion . In
the treatment of liver metastasis from renal cell
carcinoma, SIRT is limited by the rarity of liverdominant metastases and the known resistance to
[30]
radiation . However, based preliminary data on a
handful of patients, initial reports are promising for
the use of SIRT of hepatic metastases by renal cell
carcinoma with a palliative rather than curative intent.

performed successfully in select patients .
The value of yttrium-90 SIRT of lung cancer has been
seldom looked into and the available data is extremely
[44]
limited (Table 6). In 2008, Murthy et al
published
a retrospective analysis of 6 patients with various
lung cancers. Included were 3 adenocarcinomas, 2
carcinoids, and 1 small cell carcinoma. It is reported
that 2 patients had partial response, 1 patient had
stable disease, and 3 patients developed progressive
disease. Median overall survival was 2.7 mo from
radioembolization to death. A case report published
[36]
in 2012 by Gaba et al
presents complete response
after SIRT of liver metastases in two chemorefractory
squamous cell lung cancer patients. At the time of the
study, both patients were alive at 11 mo and 2 mo
following SIRT therapy.
The poor response to systemic chemotherapy
and dismal survival rates with metastatic lung cancer
emphasizes the need to further study alternative
therapies. The few cases of yttrium-90 SIRT of lung
cancer liver metastases so far demonstrate SIRT’
s potential as an effective salvage therapy. In lung
cancer especially, clinicians must be mindful of nontarget radiation to the lungs due to potentially limited
baseline pulmonary function. With further studies, the
criteria in which SIRT becomes a worthwhile therapy in

LUNG CANCER
Lung cancer is the leading cause of cancer death,
with an estimated over 159000 lung cancer related
deaths expected in 2014. At stage Ⅳ , non-small
cell lung cancer and small cell lung cancer have a
[51]
combined 4% chance of 5-survival . Treatment of
stage Ⅳ lung cancer is especially challenging and
[99]
consists of predominantly palliative chemotherapy .
Surgical resection of liver metastases in the setting
of metastatic lung cancer has been traditionally
[100,101]
considered not worthwhile
, though it has been
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metastatic lung cancer can be better defined.

CONCLUSION

13

Although the indications for Yttrium-90 SIRT in
nonconventional liver metastases are less welldefined, initial results of small studies are largely
favorable. Overarching limitations include marked
cohort heterogeneity, the absence of a gold standard
in response criteria, and variations in treatment
dosing. Disparities in median overall survival amongst
tumor types may be explained by small cohort size
and variations in tumor burden, progressiveness,
time to first follow up, and presence of extra-hepatic
disease. These studies demonstrate that whether or
not Yttrium-90 SIRT provides a justifiable benefit to
any given patient relies tremendously on both tumor
type and patient status. With larger, multi-centered
randomized controlled studies, established clinical
guidelines can develop that ultimately improve patient
outcomes.
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MicroRNAs potential utility in colon cancer: Early detection,
prognosis, and chemosensitivity
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Abstract

Michael Hollis, Lakshmi Shankar Chaturvedi, Sahil Gambhir,
Dinesh Vyas, Department of Surgery, College of Human
Medicine, Michigan State University, East Lansing, MI 48912,
United States

Over the past decade, research has shown that aberrant
expression of microRNA (miRNA) is involved in colorectal
cancer development and progression. MicroRNAs are
small sequences of non-coding RNA that regulate ex
pression of genes involved in important cellular functions,
such as cell differentiation, multiplication, and apoptosis.
A specific miRNA may display the effects of a tumor
suppressor or oncogene. Altered miRNA expression is
found in colorectal cancer (CRC) and patterns of miRNA
expression correlate with CRC detection and outcome.
Studies also have examined the use of circulating serum
miRNA and fecal miRNA expression as non-invasive
markers for early detection. Here, we review recent
evidence demonstrating the potential role of miRNA
in CRC and the implications of its use in the diagnosis,
prognosis, and management of CRC.
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INTRODUCTION

Micro-RNA

Colorectal cancer (CRC) is currently ranked third in the
world among the most common cancers in females
[1]
and second in men . Each year, approximately more
than one million people acquire CRC and over half a
[2,3]
million people die from CRC . The incidence varies
greatly worldwide, with differences dependent on
lifestyle, environment, and genetics. Epidemiological
studies have identified many risk factors for the
development of CRC which include age, family history,
inflammatory bowel disease, and preventable risk
factors such as obesity, excess alcohol, excess red
[4]
meat and processed meat consumption , high-fat
[5]
diet, cigarette smoke, low socioeconomic status , and
[6]
sedentary lifestyle .
The etiology of CRC is most commonly sporadic,
but may also be hereditary as in familial adenomatous
polyposis (FAP) and hereditary non-polyposis colorectal
cancer (HNPCC). Regardless, the development of CRC
involves genetic mutations leading to the progression
of normal epithelial cells of the intestinal mucosa from
adenoma to carcinoma. Due to this well-established
sequential transformation, there are multiple oppor
tunities to interfere with the natural course of the
disease. This may take the form of screening, chemo
prevention, chemotherapy, surgical resection, or
palliative therapy.
Prognosis depends on the cancer stage at the
time of diagnosis. The Tumor Node Metastases (TNM)
staging system of the American Joint Committee
on Cancer/Union for International Cancer Control is
the preferred staging system for CRC. Detection of
early stage CRC may confer a 90% 5-year survival
rate, compared to 12% if distant metastasis has
[7,8]
occurred
. Given that symptoms are often not
[9]
obvious, detection of CRC relies heavily on screening .
Over the past two decades, the introduction of
screening programs such as endoscopy, fecal occult
blood testing (FOBT), and barium enema have led to
improved early detection of CRC, which has shown
a reduction in CRC incidence and mortality in many
[10]
countries . Unfortunately, less than 40% of CRC
patients are identified early enough in the disease
[7]
when management is most efficacious . In addition,
adherence to such screening programs is insufficient
[11]
at nearly 50% in high-risk patients . Endoscopy is
invasive and expensive, whereas the less invasive
and less expensive FOBT had a sensitivity of only
[9,12]
47%-73% in case control studies
. Thus, there is a
strong necessity for the development of accurate and
non-invasive markers for the diagnosis and prognosis
of CRC.
Recent studies have implicated microRNA (miRNA)
as serving a key part in the CRC progression and
outcome. This article focuses on the utility of miRNA in
the diagnosis and prognosis of CRC, as well as its role in
predicting sensitivity to chemotherapy.

In 1993, the first miRNA known as lin-4 was identified
[13,14]
in C. elegans
. According to a searchable online
database, 2588 mature human miRNAs have since
[15]
been found in humans . miRNAs are small (18-25
nucleotides) RNA polymers, which are expressed as
pre-miRNA and enzymatically cleaved by the protein
[16]
Dicer into the mature form of miRNA . They are
estimated to regulate the expression of over 30% of
human genes by directly engaging with and influencing
the transcription of mRNA molecules, ultimately regu
[17]
lating protein translation . An miRNA can accomplish
this through integration with a RNA-induced silencing
complex (RISC) and subsequently binding with a
target mRNA molecule. The mechanisms by which
the miRNA affects the processing of mRNA most
commonly involve binding to the mRNA, resulting in
either mRNA degradation or inhibition of its translation.
mRNA transcripts are degraded if exact base-pairing
occurs between miRNA and mRNA and silenced if
the base-pairing is imperfect. Other mechanisms
include directly binding to DNA open reading frames,
epigenetic modifications such as methylation, and
targeting mRNA binding proteins. A single miRNA can
act on many mRNAs, while a single mRNA can be
[18]
acted on by multiple miRNAs .
Effect of the miRNA is dependent on the function of
the mRNA with which it interacts. Therefore, elevated
activities of miRNAs that reduce tumor suppressor
expression facilitate cell proliferation and are known as
oncomiRs. Depressed activity of miRNAs functioning as
tumor suppressors would also promote oncogenesis,
and are known as tsmiRs. Other miRNAs regulate
cell migration and invasion, and promote metastasis.
MicroRNA genes are also often located within regions
of the genome that are especially susceptible to loss
of heterozygosity and amplification, at fragile sites, or
other areas associated with genetic mutations. Since
miRNAs are known to regulate cell differentiation,
[19]
apoptosis, and proliferations , alterations in their
expression contribute to human disease, such as
colorectal cancer.

WJG|www.wjgnet.com

MICRO-RNA and Early Detection
Successful treatment is best achieved when CRC is
detected at its earliest stage. Specifically, detecting
CRC and surgically resecting it before it has metas
tasized is considered the only curative therapy. The
most widely used methods for diagnosing early CRC
are fecal occult blood tests (FOBT) and colonoscopy.
Although these tests have improved the survival rates
for CRC, FOBT has a low sensitivity and colonoscopy is
both expensive and invasive. In addition, certain foods
and medications may lead to false-positive results
of FOBT. In recent years, many studies have shown
a relationship between miRNA expression and CRC.
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advanced adenoma. The sensitivity of fecal miR-135b
was 78% in CRC, 73% in advanced adenoma, and
65% in any adenoma; the specificity was found to be
[21]
68% .
[22]
Koga et al found that fecal miR-106a was also of
value in improving the sensitivity of FOBT screening.
The authors extracted fecal RNA from the residuum
of the FOBT to analyze for potential miRNA markers.
They showed that the sensitivity and specificity of fecal
miR-106a was 34.2% and 97.2% compared to FOBT
with 60.7% and 98.1%, respectively. Importantly,
the addition of fecal miR-106a analysis to the FOBT
results demonstrated a sensitivity and specificity of
70.9% and 96.3%, respectively. One quarter of the
CRC patients with a false-negative were found to
be a true-positive with the addition of the fecal miR106a analysis, greatly enhancing the sensitivity of the
screening test. The authors’ use of the FOBT residuum
was validated by their earlier study which found no
significant difference in the quality or quantity of the
miR-106a extracted from FOBT residuum after 5 d if
[23]
stored at 4 degrees Celsius .
The most utilized CRC serum marker is currently
carcinoembryonic antigen (CEA), but it has also been
found to be elevated in other non-cancerous conditions
such as inflammation of the intestines, liver, lung, and
[24]
pancreas . miRNAs are found circulating in both serum
and plasma. They are packaged into microvesicles and
[25]
exosomes, thus resistant to degradation by RNase .
They are also stable in a variety of other conditions such
as low/high pH, freeze-thaw cycles, boiling, and long[26]
term storage .
In many recent studies, specific plasma miRNAs
were found to be either up- or down-regulated in
patients with CRC versus controls and also discovered
their utility for detecting patients with CRC and
[27]
adenoma. Kanaan et al
identified a group of 8
plasma miRNAs and a group of 3 plasma miRNAs,
which could precisely distinguish between patients
with colorectal adenoma and patients without colo
rectal neoplasia. Their panels were also able to
distinguish between patients with colorectal adenomas
[28]
from all stages of CRC. Yong et al
also identified
a group of 3 plasma miRNAs whose levels were
elevated in patients with CRC and were significantly
correlated with their level of expression within their
respective CRC tissue samples. They also illustrated
an increasing trend of plasma levels from the early to
late stages of CRC in comparison to control patients.
Furthermore, as a biomarker for CRC detection, this
triple miRNA panel performed with a sensitivity of
80% and a specificity of 84.4%. Another 20 miRNAs
were either up-regulated or down-regulated, in which
changes in their serum levels reliably differentiated
between patients with stage Ⅳ CRC and controls. A
follow-up study led to the development of a partial
least squared regression model, which was able to
correctly assign patients as stages Ⅰ or Ⅱ based on the

Table 1 Summary of miRNA and early detection
miRNA and early
detection
Micro RNA

Summary
Ref.

miR-135b
miR-106a
miR-431
miR-15b
miR-139-3p
miR-532-3p
miR-331
miR-195
miR-17
miR-142-3p
miR-15b
miR-532
miR-652
miR193a-3p

New article
[12,23]
[24,25]
[29]
[29]
[29]
[29]
[29]
[29]
[29]
[29]
[29]
[29]
[29]
[30]

miR-23a

[30]

miR-338-5p

[30]

miR-18a
miR-20a
miR-21
miR-29a
miR-92a
miR-106b
miR-133a
miR-143
miR-145
miR-1288

[32]
[32]
[32]
[32]
[32]
[32]
[32]
[32]
[32]
[33,34]

Tumor initiation, progression
Improves sensitivity of FOBT
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma,
expression levels in tumor
Diagnosis of colorectal adenocarcinoma,
expression levels in tumor
Diagnosis of colorectal adenocarcinoma,
expression levels in tumor
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Diagnosis of colorectal adenocarcinoma
Control for miRNA in colorectal cancer

FOBT: Fecal occult blood testing.

Much of this work has suggested that miRNA may
serve as a reliable, non-invasive biomarker with high
sensitivity for early detection of CRC (Table 1).
Colonocytes of the gastrointestinal tract are conti
nuously released into the intestinal lumen and can
be evaluated in the feces. The first study to identify
miRNA in feces showed that fecal samples from CRC
patients had elevated miRNA. This data demonstrated
a significant correlation with the histopathology of
[20]
the patients’ tumor tissue samples . A recent study
[20]
by Ahmed et al
studied tumor tissue samples
from different CRC mouse models and discovered
that miR-135 is involved in a complex feedback loop.
Mutations of molecular pathways commonly found
in CRC involving APC and PTEN/PI3K facilitate the
overexpression of miR-135b, which itself promotes
tumor initiation and progression. Another study
showed that miR-135b was elevated in CRC and
adenomatous tissue samples in contrast to adjacent
tissue without evidence of lesions. Stool samples
demonstrated a trend of increasing miR-135b across
the adenoma to carcinoma sequence compared to
inflammatory bowel disease patients and healthy
controls. Stool miR-135b was also shown to drop
significantly after surgical resection of the CRC or
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Table 2 Summary of miRNA and prognosis
miRNA and prognosis
Micro RNA
miR-200c
miR-378
miR-126
miR-224
miR-429
miR-182
mir-32
miR-214
miR-182
miR-92a
miR-124
miR-30b
miR-625
miR-155
miR-210
miR-215
miR-130b
miR-148b
miR-148
miR-16
miR-21

Summary
Ref.

[35-38]
[46]
[47]
[48,49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[37]
[37]
[59]
[60]
[61]
[61]
[62]
[10,39-45,47,65-68]

Increased expression level predicts worse prognosis
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Potential prognostic biomarker
Upregulated in CRC, associated with tumor size, distant metastasis, poor survival and independent biomarker

CRC: Colorectal cancer.

[29]

miRNAs and CRC prognosis found a connection
[33]
between the levels of miRNA-200c and survival .
Since then, multiple studies have shown that both
decreased and increased levels of various miRNAs are
associated with poor outcome. A study by Toiyama et
[34]
al
demonstrated elevated serum miR-200c in stage
Ⅳ CRC compared to stages Ⅰ-Ⅲ, and showed that it
served as a predictor for lymph node metastasis and
recurrence. miR-200c was also found to serve as an
independent indicator for CRC prognosis. Another
study also found elevated miR-200c in the serum and
tumor tissue of CRC patients compared to healthy
[35]
controls . Serum miR-200c was also compared
among CRC patients treated with surgical resection
and chemotherapy. The serum miR-200c levels
returned to normal levels in those with good prognosis,
whereas in those with recurrence or distant metastasis
miR-200c either remained elevated or elevated again
[36]
after a transient decline. Hur et al identified elevated
expression of miR-200c in liver metastasis tissue
compared to the primary CRC tissue. The miR-200c
was found to be epigenetically regulated.
Another miRNA with significant potential as a
prognostic marker is miR-21. miR-21 is upregulated
[37]
in six different forms of cancer, including CRC .
Previous studies have shown that tissue samples
with elevated miR-21 expression were associated
with lymph node and distant metastases; it was also
[38]
correlated with clinical stage of CRC . Another study
found that serum miR-21 was significantly elevated in
[39]
CRC patients . Moreover, serum miR-21 accurately
differentiated both adenoma and CRC patients from
healthy controls. Elevated serum miR-21 was also

serum miRNA profile of stage Ⅳ CRC patients . Luo
[30]
et al
demonstrated the ability of 9 plasma miRNAs
to differentiate between patients with CRC and
[31]
controls. Gopalan et al
discovered that expression
of miR-1288 was correlated with not only stage, but
also location within the gastrointestinal tract; higher
miR-1288 expression was found in tumors located
more distally within the colon.
In the study of serum miRNAs in CRC, a stable
control is needed for the accurate measurement of
[32]
circulating miRNAs. Hu et al
found that miR-1228
was steadily expressed among patients with different
cancer types, including CRC, and among patients with
CRC at different stages. Therefore, they suggest that
miR-1228 is the most stable endogenous control for
studying circulating miRNAs in CRC.

MICRO RNA and Prognosis
Although early detection of CRC promotes a reduction in
mortality due to the disease, it is frequently diagnosed
at a later stage when the prognosis is unfavorable.
Current management of CRC relies on clinical and
histopathologic factors including, but not limited to,
extent of the tumor (T), the extent of spread to the
lymph nodes (N), and the presence of metastasis (M) or
TNM stage, tumor margin involvement, differentiation,
and lymphovascular invasion. Increasing evidence
supports the use of molecular markers in estimating
prognosis and refining clinical management. Many
studies demonstrate the utility of miRNAs as prognostic
biomarkers (Table 2).
The first study to establish a relationship between

WJG|www.wjgnet.com
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[50]

miRNA and chemosensitivity
Micro RNA

Summary

Ref.

miR-21

[65-68]

miR-153

[69]

miR-19a

[70]

miR-106a

[71]

miR-130b

[71]

miR-484

[71]

miR-129

[72]

miR-15b

[73]

miR-1915

[74]

miR-122

[75]

Increased expression causes decreased
chemosensitivity
Up regulation, increased resistance to
oxaliplatin and cisplatin
Up regulation leads to resistance of
FOLFOX therapy
Up regulation leads to resistance of 5-FU
and oxalilatin
Up regulation leads to resistance of 5-FU
and oxalilatin
Up regulation leads to resistance of 5-FU
and oxalilatin
Down regulation increases resistance to
5-FU, transfection of miRNA into existing
cells increase cytotoxic effect 5-FU
Down regulation increases resistance to
5-FU
Down regulation decreases chemotherapy
by modulating apoptotic pathway
Down regulation increases resistant to
5-FU

[52]

[53]

MICRO-RNA and Chemosensitivity
In addition to serving as biomarkers for diagnosis
and prognosis, several studies have identified the
ability of miRNAs to predict the sensitivity of CRC to
chemotherapy. The response to chemotherapy varies
between patients, the mechanisms for which are
complex and poorly established. The use of miRNAs
to predict chemotherapy efficacy allows for a more
personalized approach to the treatment of CRC (Table
3).
A previous study has demonstrated that miR-21
expression correlates with poor prognosis and treatment
[40]
response after 5-fluorouracil (5-FU) treatment . This
suggests that elevated miR-21 plays a role in the
resistance to 5-FU. CRC tumor cell exposure to 5-FU
facilitates an elevated expression of miR-21, perhaps
as a means to overcoming the drug’s cytotoxic
[65]
[66]
effects . Recently, Deng et al
demonstrated that
forced overexpression of miR-21 in CRC cell lines
increased resistance to 5-FU, which was reversed
with genetic knockdown of miR-21 expression. This
was also demonstrated by the effects of the dietary
curcumin analog, difluorinated curcumin (CDF), on
CRC cell lines resistant to treatment with 5-FU and
[67,68]
oxaliplatin
. CDF was shown to inhibit growth of
these cells when treated with 5-FU and oxaliplatin,
while demonstrating a reduced expression of miR-21.
The authors suggest that CDF leads to a decline in
miR-21 expression, therefore sensitizing the cells to
5-FU and oxaliplatin treatment.
Additional research has recognized several mi
RNAs whose expression patterns are associated with
sensitivity to chemotherapeutic agents. For example,
up-regulation of miR-153 was associated with in
creased resistance to oxaliplatin and cisplatin both in
[69]
vivo and in vitro . Additionally, miR-19a was found
to be up-regulated in the serum of resistance-phase
advanced CRC and was able to distinguish between
patients who respond to FOLFOX therapy and those
[70]
[71]
who are resistant . Kjersem et al
identified 3
miRNAs (miR-106a, miR-130b, and miR-484) whose
up-regulation correlated with a lack of response to 5-FU
and oxalilatin. Interestingly, this lack of response was

5-FU: 5-fluorouracil.

associated with tumor size, distant metastasis, and
poor survival, and served as an independent biomarker
[40]
for CRC prognosis. Schetter et al
reported a strong
association between elevated miR-21 expression and
CRC prognosis based on two patient cohorts, one
comprised of 84 American CRC patents and the other
of 113 Chinese CRC patients. Elevated expression
conferred upon each cohort a worse prognosis and was
independent of staging and other clinical characteristics.
Subsequent studies performed on cohorts of patients
from other ethnic populations has validated their
findings and suggest that elevated miR-21 serves as a
[41-43]
strong prognostic biomarker regardless of ethnicity
.
[44]
Kjaer-Frifeldt et al
performed another cohort
study demonstrating the use of miR-21 as a prognostic
indicator in patients with stage Ⅱ CRC. The authors
showed that miR-21 expression may be combined
with traditional characteristics used to stratify patients
as either high- or low-risk of disease recurrence.
Their thinking was that patients that had high miR-21
expression, and therefore a high-risk of recurrence,
would be more likely to benefit from adjuvant
[45]
chemotherapy. However, Oue et al
found that in a
cohort of Japanese patients with stage Ⅱ CRC, high
expression of miR-21 was correlated with a poorer
response to adjuvant chemotherapy. The authors
showed instead that low miR-21 expressing patients
had a positive response to adjuvant chemotherapy.
Many other miRNAs expression patterns have been
discovered as potential prognostic biomarkers. The
expression levels of the following miRNAs have each
been reportedly correlated with prognosis in at least
[46]
[47]
[48,49]
one study: miR-378 , miR-126 , miR-224
,
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[51]

miR-429 , miR-182 , miR-32 , miR-214 ,
[54]
[55]
[56]
[57]
miR-182 , miR-92a , miR-124 , miR-30b ,
[58]
[35]
[59]
miR-625 , miR-155 and miR-210 , miR-215 ,
[60]
[61]
[62]
miR-130b , miR-148 , and miR-16 . The RNA
Ⅲ endonuclease known as Dicer is involved in the
processing of miRNA and its expression is associated
[63]
[64]
with poor prognosis . Iliou et al
showed that
impairment of Dicer function lead to the downregulation
of miRNAs associated with the regulation of the stem
cell marker, CD44, and epithelial-to-mesenchymal
transition-inducing transcription factors. The authors
also identified that such changes enhanced tumor
initiation and liver metastasis.

Table 3 Summary of miRNA and chemosensitivity
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not associated with a reduction in progression-free or
overall survival.
Down-regulation of other miRNAs has also been
associated with chemoresistance. Reduced expression
[72]
[73]
of miR-129 and miR-15b was found in CRC tissues
resistant to 5-FU when compared to normal specimens.
Transfection of miR-129 into resistant cells enhanced the
[72]
cytotoxic effects of 5-FU . miR-1915 was also found to
play a role in multi-drug resistant CRC. Overexpression
of Bcl-2 has been generally accepted as conferring drug
resistance in multiple cancers, including CRC. A study
[74]
by Xu et al
found reduced levels of miR-1915 and
up-regulation of Bcl-2 in a multi-drug resistant CRC cell
line. Through transfection of miR-1915, they discovered
that increased expression of miR-1915 lead to a
reduction in Bcl-2 protein levels and sensitized the cells
to multiple chemotherapeutic drugs through modulation
of apoptotic pathways.
[75]
A recent study by He et al
illustrated the role of
miRNAs on the “Warburg effect” and chemoresistance.
The “Warburg effect” is the observation that most
cancer cells utilize high rates of glycolysis relative to
oxidative phosphorylation when compared to normal
cells. The study demonstrated that miR-122 directly
targets the glycolytic enzyme pyruvate kinase type M2
(PKM2) and consequently, miR-122 is downregulated
in 5-FU-resistant CRC cells. The resistance to 5-FU was
found to be correlated with the increase in glycolytic
glucose metabolism, evidenced by increased glucose
consumption and lactate release and increased
expression of PKM2, lactate dehydrogenase, and
the GLUT-1 glucose transporter. Interestingly, over
expression of miR-122 was shown to suppress PKM2
and significantly improve the cytotoxic effects of 5-FU
on these resistant cells.

miRNAs. Research must also continue to develop a
more detailed understanding of miRNA biochemical
mechanisms and improve precision in the detection,
prognosis, and chemosensitivity of colorectal cancer.
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Abstract
The hepatitis C virus (HCV) is one of the most common
causes of chronic liver disease and the leading indication
for liver transplantation worldwide. Every aspect of
the HCV life cycle is closely tied to human lipid meta
bolism. The virus circulates as a lipid-rich particle,
utilizing lipoprotein cell receptors to gain entry into the
hepatocyte. It has also been shown to upregulate lipid
biosynthesis and impair lipid degradation, resulting in
significant intracellular lipid accumulation and circulating
hypocholesterolemia. Patients with chronic hepatitis C
(CHC) are at increased risk of hepatic steatosis, fibrosis,
and cardiovascular disease including accelerated athero
sclerosis. HMG CoA Reductase inhibitors, or statins, have
been shown to play an important role in the modulation
of hepatic steatosis and fibrosis, and recent attention
has focused upon their potential therapeutic role in
CHC. This article reviews the hepatitis C viral life cycle
as it impacts host lipoproteins and lipid metabolism. It
then describes the pathogenesis of HCV-related hepatic
steatosis, hypocholesterolemia and atherosclerosis, and
finally describes the promising anti-viral and anti-fibrotic
effects of statins, for the treatment of CHC.
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Core tip: This article reviews the complex relationship
between hepatitis C virus (HCV) infection and human
lipid metabolism. It discusses the aspects of the hepatitis
C viral life cycle that are entwined with cholesterol
homeostasis, as well as the clinical implications of HCV-
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mediated changes in human lipid profiles. Finally, it
describes the current state of knowledge regarding the
impact of statin medications on histological, virological
and clinical outcomes, among patients with chronic
hepatitis C.

metabolism: the scavenger receptor class B member 1
(SRB1) protein, the Neimann-Pick C1 Like 1 (NPC1L1)
receptor, and the low-density lipoprotein receptor
(LDLR). The HCV viral life cycle is shown in Figures 1
and 2.
SRB1 is a cell surface transmembrane protein,
primarily expressed in the liver and steroidogenic
tissues. Although its essential function is cholesteryl
ester uptake from HDL, it also serves as a multi-ligand
receptor for various lipoproteins, including VLDL, LDL
[17]
and HDL . Oxidized LDL and VLDL have been shown
[18]
to inhibit HCV cell entry , while HDL enhances HCV
[19-21]
entry in an SRB1-dependent process
. Changes
in circulating lipid levels have indeed been shown to
impact both viremia and treatment response: increased
triglyceride levels have been linked to improved viral
[22]
clearance , while elevated LDL and total cholesterol
is associated with improved treatment response to
[23]
interferon-based therapy .
The NPC1L1 receptor is a cholesterol receptor in the
intestines and the liver, essential for dietary cholesterol
absorption and biliary cholesterol reabsorption. It is
thought to promote HCV cell entry via interaction with
cholesterol of lipoviral particles and by modulation
of cholesterol homeostasis, which in turn alters
[24]
membrane composition and affects HCV cell entry .
In vitro, inhibition of NPC1L1 blocks initiation of HCV
infection, via a cholesterol-dependent mechanism
[25]
occurring before virion-cell membrane fusion . A
recent in vivo mouse model also showed that blockade
[24]
of NPC1L1 with ezetimibe blocks viral cell entry .
LDLR is a transmembrane glycoprotein responsible
[26]
for the uptake of serum lipoproteins . Transcription of
LDLR is upregulated by the sterol-regulatory element
[26,27]
binding proteins (SREBPs)
, and the signaling
[28,29]
molecules PCSK9
, and inhibited by the inducible
[30,31]
degrader of LDLR (IDOL)
. It has been shown
that accumulation of HCV RNA within hepatocytes
correlates with the expression of LDLR, and that
antibodies directed against LDLR inhibit the cellular
[25,32]
absorption of HCV
. HCV has also been shown
to activate SREBP-mediated PI3-K/AKT and LXR
[10]
pathways , resulting in further activation of LDLR,
and thus enhancing viral infectivity.
Once inside the cytoplasm, the uncoated viral
genome is translated, and the polypeptide is cleaved
into 10 viral proteins. The HCV structural proteins (E1,
E2 and core) play important roles in viral replication
and assembly, while the non-structural proteins
(p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B) are
essential for the intracellular aspects of the viral life
[33]
cycle . Following translation, the viral genome is
[34]
transcribed by the proteins NS3 and NS5B . HCV core
protein accumulates around lipid droplets (LD), which
[35]
are stores of triacylglycerols and cholesterol esters ,
and has been shown to inhibit the activity of MTP
(microsomal triacylglycerol transfer protein) and the
subsequent secretion of very low-density lipoprotein
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INTRODUCTION
Hepatitis C virus (HCV) is a single-stranded RNA virus,
of the genus Hepacivirus and the family Flaviviridae.
Affecting 2% to 3% of the global population, HCV
is one of the most common causes of chronic
liver disease and the leading indication for liver
[1,2]
transplantation worldwide . Estimates suggest that
over a period of twenty to thirty years, cirrhosis will
develop in 10% to 25% of patients with untreated or
relapsed chronic hepatitis C (CHC), and hepatocellular
[2]
carcinoma (HCC) in 1% to 5% .
Hepatic steatosis is a common histopathological
finding in patients with CHC. Various factors have
been independently associated with steatosis,
including obesity, diabetes, hyperlipidemia and alcohol
[3]
consumption . It has also been demonstrated that
the hepatitis C virus possesses a unique relationship
[4,5]
with host lipids and lipoproteins , and relies heavily
on host lipoproteins, lipid droplets, and host cofactors for each step of the viral life cycle including the
[6-8]
facilitation of viral replication . At the same time,
HCV causes profound lipid perturbations within the
infected host, resulting in hepatic steatosis, circulating
[6,8-12]
hypocholesterolemia and increased atherogenesis
.
Statins, which inhibit the rate-limiting enzyme of
the mevalonate pathway, HMG CoA Reductase, have
been shown to play an important role in the modulation
of hepatic steatosis and cholesterol metabolism, and
recent attention has focused upon their potential
therapeutic role for patients with CHC. This article
reviews the molecular pathways of lipid homeostasis
and the pathogenesis of hepatic steatosis as they relate
to chronic hepatitis C infection, and then describes the
potential impact of statin medications upon clinical, viral
and histological outcomes.

HCV viral life cycle and host lipoproteins

HCV infection begins with attachment of the viral
particle to the hepatocyte cell surface, in a process that
requires many host proteins that are closely entwined
[13-16]
with lipid metabolism
. To enter the cell, HCV must
then associate with multiple cell surface receptors,
three of which are closely linked to lipoprotein

WJG|www.wjgnet.com

8294

July 21, 2015|Volume 21|Issue 27|

Simon TG et al . Lipid dysregulation in chronic hepatitis C infection
ApoB

Exchangeable
apoproteins

HCV
lipoviralparticle

oB

Ap

oE

Ap

SR-B1

HCV

Basolateral
domain

LDL

HDL

HCV

GAG

RTKs

SR-B1

LDLR

CDB1

?
Membrane
fusion

CLDN1

HCV

OCLN

Tight junction (TJ)

NPC1L1
?

Apical
(bile-canalicular)
domain

BILE

Ezetimibe
ABCG5/8
Cholesterol

TJ
Basolateral
domain

Figure 1 hepatitis C virus viral life cycle. hepatitis C virus (HCV) entry into human hepatocytes is a complex, multi-step process that takes place at the basolateral
region of polarized hepatocytes. It begins when the viral particle binds surface glycosaminoglycans (GAGs) and the low-density lipoprotein receptor (LDLR) via
apolipoprotein E. This is followed by a complex series of interactions mediated by cellular factors including scavenger receptor class B type I (SR-BI), the tetraspanin
CD81, claudin-1 (CLDN1), occludin (OCLN), the Niemann-Pick C1-like 1 (NPC1L1) receptor, as well as receptor tyrosine kinases (RTKs) that promote CD81CLDN1 association and membrane fusion. The HCV particle is then internalized into the hepatocyte by clathrin-mediated endocytosis. This figure is reproduced with
permission from the original article, published in Journal of Hepatology, Vol 57, Issue 1, by Lupberger J, Felmlee J and Baumert TF. Cholesterol Uptake and Hepatitis
C virus entry, page 215-217, Copyright Elsevier, 2012.
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Figure 2 hepatitis C virus-mediated perturbations in cholesterol metabolism. Hcv: Hepatitis C virus; ROS: Reactive oxygen species; VLDL: Very low-density
lipoprotein.
[36]

[37,38]

(VLDL) . The functions of each viral protein and their
interactions with host lipid metabolism are outlined in
Table 1.
HCV RNA replication and assembly of the LVP occur
at the membranous web (MW), a specialized structure
composed of clusters of viral vesicles and lipid
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droplets (LD)
, on which the LVP and viral proteins
[39,40]
converge
. The enzyme diacylglycerol transferase-1
(DGAT) facilitates the trafficking of core, NS5A and
[41,42]
NS4B proteins to the LD
, and results in inhibition
of triglyceride lipolysis and lipid droplet turnover, thus
increasing the concentration of available intracellular
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Table 1 Functions of hepatitis C virus structural and non-structural proteins
Protein

Function

Association with Lipid Metabolism

Structural proteins
E1
Surface envelope protein of LVP
E2
Surface envelope protein of LVP, binds CD81 for viral fusion and cell entry
Core
Important for cell surface binding, replication and assembly
Non-structural proteins
P7
Creates transmembrane ion channel in membranous web, (viroporin)
NS2
Cysteine protease
NS3
Serine protease, RNA helicase, promotes viral protein processing with NS4A
NS4A
Protease; cofactor for NS3
NS4B
Directs membrane rearrangements for formation of membranous web
NS5A
NS5B

Phosphoprotein, required for replication, forms bridge to assembly
RNA-dependent RNA polymerase, for replication of viral genome

[43]

lipids, for the facilitation of further HCV replication .
To export new HCV virions, the virus co-opts the host
VLDL synthesis and secretion pathways. Synthesis
of VLDL involves the generation of a VLDL precursor,
using the lipid transfer function of the microsomal
triglyceride transfer protein (MTP), which lipidates
[44]
nascent apolipoprotein B100 (apoB100) . The VLDL
precursor is then targeted to the Golgi apparatus for
export. The viral LVP is enriched in ApoE and ApoB,
and thus possesses characteristics of a VLDL particle.
This enables it to utilize the lipid transfer function of
the MTP, and thus co-opt the VLDL secretion pathway
[6,45-48]
and facilitate virion export
.

Assists in recruitment of core protein to LD by DGAT1
Increases expression of FASN, SREBP
Unknown
Unknown
Activates fatty acid synthase, associates with DGAT1 and
P14KA, facilitating creation of membranous web
Activates FASN; associates with P14KA, DGAT1
Direct interaction with fatty acid synthase gene

Hepatic steatosis: Hepatic steatosis is frequently
[53]
observed in the setting of CHC , and is thought to
result from a combination of viral-mediated activation
of lipid biosynthesis pathways and reduced lipid
[54,55]
export
. The presence of hepatic steatosis among
patients with CHC has been associated with poor
treatment response [lower sustained viral response
(SVR) rates] and accelerated disease progression to
[56-58]
advanced fibrosis and cirrhosis
. Both patientrelated factors and viral factors play important roles in
the modulation of HCV-related steatosis.
One important viral factor that impacts host lipid
metabolism is viral genotype. Genotype 3 CHC is
associated with the greatest degree of hepatic steatosis,
and the most significant reductions in serum cholesterol
[50,59]
levels
. In the fasting state, patients with genotype
3 demonstrate profoundly elevated cholesterol meta
[60]
bolites , as well as increased intracellular lipid accu
[47,61,62]
mulation
, compared to all other HCV genotypes.
In contrast, among patients infected with all other
genotypes of CHC, metabolic risk factors, including
insulin levels, diabetes and obesity, appear to play a
[63,64]
more important role in progressive steatosis
. This
was demonstrated in analyses linking hepatic steatosis
to higher levels of circulating viremia, among genotype
[65]
3 patients ; in those cohorts, the eradication of
infection resulted in improvement or resolution of
[66]
steatosis, a finding not seen in other genotypes .
Patient factors that modulate hepatic steatosis
include genetic variations and metabolic dysregulation.
Patients with a single nucleotide polymorphism (SNP)
in the interleukin 28B (IL28B) gene (genotype CC)
possess lower serum levels of triglycerides, higher
[67]
LDL-C levels , and an overall reduced prevalence of
[68]
hepatic steatosis . The IL-28B CC genotype has also
[69,70]
been associated with increased rates of SVR
. In
addition, an independent genome-wide association study
also determined that a single genetic variant (I148M) in
the human patatin-like phospholipase domain containing
3 (PNPLA3) rs738409 C>G SNP was the strongest
[71]
genetic determinant of hepatic steatosis .

Lipid changes in chronic hepatitis C infection

Circulating hypocholesterolemia: Circulating lipid
levels are altered in patients with HCV, regardless
of the duration of infection. In a cohort of patients
with acute HCV, early infection was associated with
reduction in LDL and total cholesterol levels; following
viral eradication through spontaneous clearance or
successful anti-HCV treatment, the lipids of those
[49]
patients returned to pre-infection levels . Patients
with CHC also have demonstrate reduced levels of
circulating LDL, apolipoprotein B100 (apoB) and
[50]
total cholesterol, compared to healthy controls .
An inverse relationship has also been described
between reduction in apoB levels and HCV viral load,
[50]
among those with non-genotype 1 infection . These
perturbations also seem to resolve after successful
[49]
clearance of CHC , supporting the hypothesis that
HCV has a direct cytopathic effect upon host lipid
metabolism.
The presence and degree of hypocholesterolemia
carries important prognostic implications for patients
with CHC. Elevated LDL and high-density lipoprotein
(HDL) levels have been associated with improved
[51,52]
rates of sustained virologic response (SVR)
. This
may be related to the dependence of HCV upon LDL
cholesterol concentrations and the LDLR for both
cellular entry and viral replication.
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In multiple subsequent candidate gene studies,
PNPLA3 I148M has been shown to specifically influence
[72-74]
hepatitis C-related liver fat accumulation
, as well
[75,76]
[77]
as NASH
, fibrosis progression and hepatocellular
[78]
carcinoma . However, unlike IL28B, PNPLA3 has
[73,79]
consistently not been shown to influence SVR
.
These findings were recently confirmed in a post-hoc
analysis of a large randomized trial of patients with
genotype 1 CHC, where PNPLA3 again was associated
with progressive steatosis and development of
[73]
fibrosis, but not with SVR . Interestingly, the authors
observed that this was modulated by the IL28B
polymorphism, suggesting new complexity to the
relationship between genotype variations and disease
[73]
progression . Further research will be needed to
fully characterize the mechanisms that underpin the
associations between these risk alleles and hepatic
steatosis.
Additional patient-related determinants of hepatic
[74]
steatosis in CHC include alcohol use
and metabolic
derangements, particularly insulin resistance, diabetes
[64]
and the metabolic syndrome . The link between
hepatitis C and insulin resistance has also been
supported in multiple population-based cohort studies,
where adults with CHC were three to eleven times
[80]
more likely to develop type 2 diabetes , compared to
uninfected controls.

effects as well.
Effect of statins on viral replication: Statins
appear to block HCV replication by inhibiting de novo
cholesterol and geranylgeranylated protein synthesis,
thus reducing expression of key HCV viral proteins and
[99,100]
inhibiting pro-inflammatory signaling pathways
.
In early in vitro studies, cells cultured with lovastatin
[101,102]
successfully inhibited HCV RNA replication
. This
was confirmed in a high-throughput screen of small
molecule modulators of HCV replication, with the
strongest antiviral activity observed in atorvastatin,
[103]
fluvastatin and simvastatin
. It is thought that the
geranylgeranyl lipid product of the mevalonate pathway
[7,104,105]
is necessary for HCV replication
. In experiments
with lovastatin, the statin-mediated inhibition of HCV
replication was overcome by the addition of gerany
[7,104]
lgeraniol, but not by farnesol or cholesterol
, results
which underscored the importance of the mevalonate
pathway in HCV replication.
Despite negative results from in vivo analyses of
[106,107]
statin monotherapy
, a great deal of evidence
now suggests a beneficial role of statins upon virologic
outcomes in patients treated with pegylated interferon
[52,108,109]
(IFN) and ribavirin
. In a large retrospective
cohort of 8293 veterans undergoing anti-HCV therapy,
[108]
statin use was an independent predictor of SVR . In
a subsequent uncontrolled, prospective Japanese pilot
study of patients infected with genotype 1b, fluvastatin
[110]
also was associated with improved SVR
. Since
that time several randomized controlled trials have
demonstrated that statins increase SVR rates when
combined with peginterferon and ribavirin in genotype
[111]
1 infection
. Despite this compelling evidence, the
future importance of statins for the enhancement
of SVR is uncertain as we enter the era of secondgeneration and novel direct acting antiviral (DAA)
therapy for CHC, which yields SVR rates of over 90%.

Accelerated atherogenesis: Hypocholesterolemia
and lower rates of systemic hypertension do not
seem to protect patients with HCV infection from
atherosclerosis. Ishizaka and colleagues first demon
strated a link between HCV and carotid artery plaque
[81]
formation , and it has since been demonstrated
that HCV seropositivity is an independent risk factor
for coronary artery disease (CAD), over and above
traditional risk factors including age, smoking status,
[82,83]
hypertension, diabetes and hyperlipidemia
.
Although some studies have yielded conflicting results,
[84]
[85]
with some confirming
and others refuting
this
link, convincing recent data has nevertheless shown
excess cardiovascular mortality during the course of
[86,87]
chronic HCV infection
. Indeed, a recent review
concluded that HCV infection should be considered a
risk factor for the development of atherosclerosis, and
argued for more vigilant preventive cardiac screening
[88]
in this population .

Anti-fibrotic effects of statins: It has also been
postulated that statins may exert antifibrotic effects,
although the data are more limited. Animal models
show that statin use blocks the activation of hepatic
myofibroblasts, inducing apoptosis and preventing
both proliferation of hepatic stellate cells (HSCs) and
[95,97,98,112-114]
their production of collagens
. Until recently,
reports in humans consisted primarily of retrospective
studies of laboratory markers of hepatotoxicity, and
were limited by small sample sizes, lack of appropriate
controls or histological data from liver biopsy, which
remains the gold standard for the assessment of
[90,115,116]
fibrosis
. However, in a recent post-hoc analysis
of a large, prospective human trial of patients with
advanced CHC followed with serial liver biopsies, it
was demonstrated that statin use was associated with
[117,118]
significantly reduced fibrosis scores
.

potential therapeutic role of statin medications

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors (statins), are among the most
commonly prescribed medications worldwide, and have
[89,90]
been shown to be safe in chronic liver disease
.
There is mounting evidence that statins exert powerful
pleiotropic effects via both HMG-CoA dependent and
independent pathways, modulating inflammation,
[89,91-98]
angiogensis, apoptosis and cell growth
. Several
studies have also shown that statins may inhibit HCV
replication, and thus may exert powerful anti-HCV
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[91,119-123]

including HCC
. They inhibit cell growth, tumor
spread, and appear to exert powerful antiproliferative,
[96-98]
antiangiogenic and immunomodulatory effects
.
One mechanism is via direct interference with lipid
rafts, thus inhibiting cell signaling, tumor invasion
[124,125]
and angiogenesis
. Via competitive inhibition of
HMG-CoA reductase, statins prevent post-translational
prenylation of the Ras/Rho superfamily, which are
otherwise upregulated in approximately 30% of
[96,120]
neoplasms
. By decreasing expression of MMP-14
and TIMP-2, statins also inhibit the PI3K/PTEN/AKT/
[96-98,112]
mTOR pathway, blocking tumor cell spread
.
In a recent population-based cohort of patients
infected with HCV, statin users were shown to have a
[126]
significant reduction in the incidence of HCC
. The
results were statin-specific, and both dose and duration
responses were seen, with a hazard ratio of 0.33 for
HCC among those taking higher cumulative daily
doses. These results are consistent with several other
[127,128]
large observational studies
. Randomized data,
however, does not appear to support the relationship
between statins and reduced risk of HCC. In a pooled
meta-analysis pooling of 7 observational cohorts and
26 randomized controlled trials, the authors found
a 37% reduced risk of HCC among statin users in
the observational studies (adjusted odds ratio 0.52,
95%CI: 0.42-0.64), but no benefit attributable to
[123]
statins in the randomized groups . Such differences
between observational studies and randomized trials
may reflect length of follow-up, patient selection, lack
of sufficient power to detect a difference, within a
selected cohort.

CONCLUSION
Every aspect of the HCV life cycle is closely linked to
human lipid metabolism. Not only does the virus itself
circulate as a lipid-rich particle that mimics VLDL, it
also utilizes cell surface receptors essential for lipid
metabolism to gain entry into the hepatocyte. Once
inside the cell, the virus upregulates intracellular lipid
synthesis, impairs lipid degradation, and decreases
catabolism and export of lipoproteins. As a result, it
causes significant intracellular lipid accumulation as well
as a relative circulating hypocholesterolemia. Patients
with chronic HCV infection are at increased risk of
developing hepatic steatosis, fibrosis, and cardiovascular
disease including accelerated atherosclerosis. Statins,
which inhibit the rate-limiting enzyme of the mevalonate
pathway, HMG CoA Reductase, have been shown to
play an important role in the modulation of hepatic
steatosis and fibrosis, and it is postulated that they
may also possess important anti-proliferative, antiangiogenic and antioxidant effects, with a potential
protective role against the development of HCC. It
remains to be seen to what degree statin medications
will play a role in adjunctive management of patients
with CHC in the era of new DAAs.
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In China, acupuncture has been considered an
effective method for treating gastrointestinal (GI)
dysfunction diseases for thousands of years. In fact,
acupuncture has gained progressive acceptance from
both practitioners and patients worldwide. However,
the therapeutic effects and underlying mechanisms in
treating GI dysfunction have not yet been established
due to a lack of systematic and comprehensive review
articles. Therefore, the aim of this review is to discuss
the efficacy of acupuncture as a treatment for GI
dysfunction and the associated underlying mechanisms.
A search of PubMed was conducted for articles that
were published over the past 10 years using the terms
“acupuncture”, “gastrointestine”, and other relevant
keywords. In the following review, we describe the
effect and underlying mechanisms of acupuncture on
GI function from the perspectives of GI motility, visceral
sensitivity, the GI barrier, and the brain-gut axis. The
dual regulatory effects of acupuncture may manifest by
promoting gastric peristalsis in subjects with low initial
gastric motility, and suppressing peristalsis in subjects
with active initial motility. In addition, the regulation
of acupuncture on gastric motility may be intensitydependent. Our findings suggest that further studies are
needed to investigate the effects and more systematic
mechanisms in treating GI dysfunction, and to promote
the application of acupuncture for the treatment of GI
diseases.
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Acupuncture is beneficial as an alternative therapy
for the management of chemotherapy-induced nau
[7]
[8,9]
sea , postoperative nausea and vomiting , peptic
[10]
[11]
ulcer disease
and postoperative ileus , as well as
[12-14]
other functional disorders
including irritable bowel
[15]
[16]
[17]
syndrome (IBS) , constipation , and diarrhea .
These effects of acupuncture occur through regulation
of GI motility, protection of the stomach mucosa, and
[18-20]
a decrease in visceral sensitivity
. For example,
acupuncture at zusanli (ST-36), a classic acupoint, may
improve upper and lower abdominal symptoms and
restore impaired gastric slow waves, which are induced
[21]
by rectal distension (RD), via the vagal pathway .
Moreover, EA at Foot-Yangming meridian (SMFY) may
enhance gastric motility and improve gastric mucosal
blood flow by regulating the concentration of motilin and
[22]
somatostatin in sinus ventriculi and bulbus medullae .
A search of PubMed articles published between
the beginning of 2005 and 2015 was conducted using
the search term “acupuncture” in combination with
the terms “gastrointestinal motility”, “gastric mucosa”,
“intestinal mucosa”, “intestinal barrier”, “visceral
sensitivity”, “brain-gut axis”, or “brain-gut peptide”.
Sixty-five articles associated with acupuncture and
GI regulation were selected from the publications
obtained through the conduct of the literature search.
In this review, four aspects of the regulatory effects
of acupuncture on the GI tract are discussed including
the modulation of GI motility, the GI barrier, visceral
sensitivity, and the brain-gut axis.

Core tip: Acupuncture has been used as an appropriate
adjunctive treatment for gastrointestinal (GI) dysfunction
diseases. However, the therapeutic effects and under
lying mechanisms in treating GI dysfunction have not
yet been established due to a lack of systematic and
comprehensive review articles. This review clarifies the
effects and underlying mechanisms of acupuncture
on GI function from various perspectives including GI
motility, visceral sensitivity, the GI barrier, and the braingut axis. In addition, the dual regulatory effects and
the intensity-dependent nature of acupuncture on GI
motility are discussed.
Li H, He T, Xu Q, Li Z, Liu Y, Li F, Yang BF, Liu CZ.
Acupuncture and regulation of gastrointestinal function. World J
Gastroenterol 2015; 21(27): 8304-8313 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i27/8304.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i27.8304

INTRODUCTION
Acupuncture has been an integral part of traditional
Chinese medicine (TCM), with a history tracing back
[1]
more than 3000 years . In principle, acupuncture is a
method by which yin and yang can come into balance
with one another and qi can flow harmoniously
[2]
throughout the body . In addition, De-qi, a composite
of unique needle sensations in patients, including
soreness, numbness, heaviness, fullness, warmth,
coolness, tingling, and dull pain, is an efficacy predictor
and parameter for assessing clinical effectiveness of
[3]
acupuncture . However, only when qi is achieved will
acupuncture be recognized as effective in the process
of treating diseases.
In China, acupuncture, a therapy that involves
inserting the tips of thin, stainless steel needles
through the skin at specific points, has been widely
used in clinical practice to treat various diseases and
physiological disorders. The procedure can be accomp
lished by manual manipulation or electrical stimulation.
Manual acupuncture involves the manipulation of the
inserted needles by hand, such as lifting, thrusting,
[4]
twisting, twirling, or other complex combinations .
Electroacupuncture (EA) is a modification of the
traditional acupuncture and involves stimulating
acupoints with an electrical pulse instead of manual
[5]
manipulations .
Gastrointestinal (GI) diseases are a significant
burden to society. In 2004, GI diseases were reported
to affect an estimated 60 to 70 million United States
citizens, and to total approximately $142 billion in
[6]
direct and indirect costs . To alleviate this burden,
it is necessary to identify an economical means of
treating GI diseases. Consequently, increased attention
has been paid to studying the efficacy and related
mechanisms of acupuncture in treating GI diseases.

WJG|www.wjgnet.com

ACUPUNCTURE AND MODULATION OF
GI MOTILITY
GI motility maintains healthy digestive function
through the contraction and expansion of smooth
[23,24]
muscle in different sections of the GI tract
. The
characteristic motility pattern in the interdigestive
period is referred to as an interdigestive migrating
[25]
contraction . In research, gastric myoelectrical
activity (GMA), multichannel electrogastrography
(EGG), and gastric pressure are often used to assess
[26-30]
GI motility
. Acupuncture may have regulatory
effects on GI motility, especially on the motility of the
stomach and colon (Table 1).

Effect of acupuncture stimulation on GI motility

According to TCM, one characteristic of acupuncture is
that it has opposite regulatory effects during different
physiological conditions. For example, acupuncture
may promote gastric peristalsis in subjects with low
initial gastric motility, but it may suppress peristalsis in
[31]
subjects with active initial motility .
One study involving 65 healthy volunteers found
that manual acupuncture at ST-36 and neiguan (PC-6)
decreased normogastria and increased bradygastria;
however, the study did not provide evidence to support
that acupuncture was more effective than sham
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Table 1 Effect of acupuncture on gastric and colonic motility
Organ
Stomach

Subjects

Methods

Findings

Ref.

Normal mice

EA at ST-36
EA at CV-12
EA at acupoints in
Foot-Yangming Meridian
EA at CV-12
EA at ST-36
EA at ST-36

ST-36-gastric motility ↑
CV-12-gastric motility ↓
Gastric motility ↑

[48]

Gastric motility ↓
Gastric motility ↑
Gastric motility ↑

[29]
[30]
[18]

Manual acupuncture at
both PC-6 and ST-36
Manual acupuncture at acupoints in large
intestine meridian or ST-25, BL-25, GV-1
EA at ST-36
EA at ST-36

Normogastria ↓
Bradygastria ↑
Only GV-1-colonic motility ↓

[32]

Colonic motility ↑
Colonic motility ↓

[50]
[35]

Rats with gastric mucosal damage
Normal mice
Normal rats
Dogs with impaired gastric motility
induced by RD
Healthy human
Colon

Conscious dogs
Conscious rats
Rats with stress

[22]

[37]

↑, increase; ↓, decrease. EA: Electro-acupuncture; ST-36: Zusanli; CV-12: Zhongwan; PC-6: Neiguan; RD: Rectal distension; GV-1: Changqiang; ST-25:
Tianshu; BL-25: Dachangshu.

Table 2 Mechanisms of acupuncture on gastrointestinal motility
Function

Subjects

Gastric motility

Colonic motility

Stimulation

Result

Mechanism

Ref.

ST-36

Increase

[18]

ST-36
Foot-Yangming Meridian
CV-12
ST-36
ST-36
Hind limbs

Increase
Increase
Decrease
Increase
Increase
Decrease

Vagal activity
opioid pathway
Vagal pathway
Brain-gut peptide
TRPV1 receptor
NMDA receptors
Parasympathetic efferent pathway
OXT expression

Method

Region

Dogs with RD

EA

Healthy volunteers
Rats
Wild-type mice
Rats
Rats
Rats

MA
EA
EA
EA
EA
TENS

[21]
[22]
[29]
[30]
[50]
[54]

MA: Manual acupuncture; EA: Electro-acupuncture; ST-36: Zusanli; RD: Rectal distension; CV-12: Zhongwan; NMDA: N-methyl-D-aspartate; TRPV1:
Transient receptor potential vanilloid-1; TENS: Transcutaneous electrical nerve stimulation; OXT: Oxytocin.
[32]

acupuncture . Moreover, the results of several clinical
studies indicated that acupuncture at hegu (LI-4)
and PC-6 inhibited the excessive GI motility induced
by mosapride citrate, and enhanced the suppression
of loperamide-induced conditions, but these effects
[33-35]
were not observed under normal conditions
.
Similar outcomes have been noted in laboratory
settings. Acupuncture applied at PC-6 or ST-36 in
rats significantly enhanced gastric motility, while
stimulating zhongwan (CV-12) significantly suppressed
[36]
[37]
gastric motility . Iwa et al
suggested that in rats,
EA at ST-36 not only promoted gastric peristalsis,
but also inhibited the acceleration of stress-induced
colonic transit due to restraint. When acupuncture was
applied at the changqiang acupoint (GV-1), colonic
motility was also inhibited in healthy dogs through a
decrease in the total duration and frequency of the
[38]
contractions . The results of these studies indicate
that acupuncture has a dual regulatory effect on GI
motility and supports the TCM theory that acupuncture
[39]
restores the balance between the yin and yang .

of GI motility (Table 2). In diabetic rats, EA at ST-36
has been shown to normalize contractions of the
gastric antrum. This effect was partly related to an
enhanced SCF/c-kit pathway which plays a critical role
in maintaining the survival and proliferation of cells of
[40,41]
Cajal (ICCs)
. ICCs, which act as a pacemaker in
the GI tract, play a crucial role in the generation of slow
[42]
waves and the control of gastric movements . In rats
with burns, EA at ST-36 improved postprandial gastric
dysrhythmia, and delayed gastric liquid emptying via
the enhancement of vagal activity, which indicated
that the accelerative effect of EA on gastric motility
[43]
might be blocked after a vagotomy . Acupuncture
at the acupoints in the limb promoted gastric motility
via a supra-spinal reflex that activated the vagal
nerve fibers, while the same stimulus to the abdomen
resulted in the reverse effect via a spinal reflex that
[44-46]
activated sympathetic nerve fibers
. Moreover,
EA at ST-36 has been found to enhance gastric
motility via the efferent parasympathetic pathway,
whereas stimulating CV-12 has been found to inhibit
[47,48]
GI motility via the efferent sympathetic pathway
.
Furthermore, the inhibitory effect of EA on gastric
motility may be intensity-dependent. In wild-type
mice, EA at an intensity of 1 mA at CV-12 produced no

Mechanisms by which acupuncture regulates GI motility

The pathways, transmitters, and modulators of the
nervous system are important factors in the regulation
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significant effect on gastric motility. In contrast, gastric
motility was significantly inhibited by EA stimulation at
intensities of 2 mA and 4 mA. However, the intensitydependent characteristic disappeared following the
blockage of the TRPV1 channel, which indicated that
TRPV1 was partially involved in the EA modulation
[29]
of gastric motility . Strong manual acupuncture
stimulation applied in rats at ST-36 or CV-12 produced
a more significant enhancement or inhibition on
gastric motility compared with slight stimulation.
In this case, the intensity of manual acupuncture
stimulation depended on the twisting frequency of
needle manipulations and De-qi sensation. And the
effect was more likely to be mediated via A-delta and
[49]
[50]
C-afferent fibers . Similarly, Iwa et al
reported
that EA applied in freely moving conscious rats might
promote distal colonic motility and accelerate colonic
transit via a sacral efferent parasympathetic pathway.
The stimulatory effect of EA on stress-induced delayed
gastric emptying was blocked by pretreatment with an
intracerebroventricular injection of kynurenic acid, a
glutamate receptor antagonist, which suggested that
the glutamate receptor was involved in the regulation
[51]
of gastric motility . Glutamatergic receptors are
classified as either N-methyl-D-aspartate (NMDA)
[52]
receptors or non-NMDA receptors . NMDA receptors,
which are associated with vagal afferent nerve fibers,
may play a critical role in mediating gastric motility.
When anesthetized rats were microinjected with AP5,
an antagonist of NMDA receptors, the increased gastric
pressure that was induced by low frequency electric
[30,53]
stimulation at ST-36 significantly decreased
. In
addition, acupuncture could improve the GI symptoms
associated with stress by up-regulating the expression
of hypothalamic oxytocin (OXT), which is an anti[54]
stressor agent .

acupuncture has the potential to significantly prevent
postoperative intra-abdominal adhesion formation,
[66]
which is a leading cause of small bowel obstruction .
The loss of intestinal barrier function and epithelial cell
integrity induced by gut ischemia/reperfusion injury
could promote the systemic production of various
inflammatory mediators and activate leukocytes,
[67]
which may lead to remote organ injury . In rats with
ischemia/reperfusion injury, the anti-inflammatory
effect of EA at ST-36 has been shown to prevent the
injury to the intestinal barrier and remote organs via
the activation of the α7 subunit of nicotinic receptor
and the cholinergic anti-inflammatory-dependent
[68]
pathway .
Stress-induced mucosal diseases occur with local
[69]
ischemia . In rats with stress-induced gastric ulcers,
EA at ST-36 aided in the repair of the stomach mucosa
by increasing the concentration of epidermal growth
[70,71]
factor in gastric mucosal tissue
. The protective
effect of EA on the gastric mucosa may be related to
an increase in the expression of the intestinal trefoil
factor gene and SS-R1mRNA in gastric mucosal tissue,
[20,72,73]
which may promote mucosal restoration
. As a
neurotransmitter, nitric oxide (NO) has both protective
and deleterious effects on the gastric mucosa,
depending on the type of nitric oxide synthase (NOS,
[74]
i.e., NOS1, NOS2, or NOS3) . EA applied at ST-36
in rats has been shown to increase the expression
of NOS1, but decrease the expression of NOS2
and NOS3, resulting in the protection of the gastric
[75]
mucous . Prior research has indicated that excess
[60]
gastric acid secretion may cause GI mucosal lesions .
Furthermore, plasma beta-endorphin (β-EP) and
[76,77]
somatostatin (SS) inhibit acid secretion
. Following
the intragastric administration of a mixed amino acid
meal to dogs, EA at ST-36, PC-6, and pishu (BL-20)
suppressed acid secretion and significantly increased
β-EP and SS simultaneously. Moreover, the inhibition
of acid secretion by EA was significantly greater than
[78]
inhibition observed following sham EA .

ACUPUNCTURE AND MODULATION OF
GI BARRIER FUNCTION
The GI barrier, which is a component of GI defense,
protects the epithelium from harmful microbes and
[55]
toxins . Impairment of the mucosal barrier primarily
results from mucosal ischemia/reperfusion injury,
inflammatory response, excess gastric acid secretion
[56-60]
and bacterial infection
.
Acupuncture may be helpful in restoring GI
barrier injury by regulating the neuron-endocrineimmune system and antagonizing the inflammatory
response. In duodenal ulcer patients, acupuncture
has been shown to reduce the acid output and to
[61]
achieve symptomatic relief . EA at ST-36 provided
protective effects against gut injury and mucosal
barrier dysfunction in hemorrhaged rats by activating
the cholinergic anti-inflammatory-dependent pathway
and enteric glial cells which are known to secrete proepidermal growth factor and thereby increase epithelial
[62-65]
restitution
. The anti-inflammatory effect of
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ACUPUNCTURE AND MODULATION OF
VISCERAL SENSITIVITY
IBS is characterized by chronic or recurrent abdominal
pain, discomfort, and/or altered bowel habits (i.e.,
diarrhea, constipation or both) that often interfere with
[79,80]
the daily life of a patient
. Clinically, acupuncture
has been acknowledged as an effective treatment
for abdominal pain in IBS patients, although some
acupuncture trials failed to demonstrate superiority
over a placebo treatment in patients who have
[81-83]
IBS
.
Chronic visceral hypersensitivity (CVH) is an
important and characteristic feature of IBS. In rats,
EA at bilateral points of ST-36 and shangjuxu (ST-37)
significantly attenuated CVH that was induced by
neonatal colon irritation. This effect was not observed
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following sham-EA at ST-36 and ST-37 without electrical
stimulation, or following EA at control points, shenmai
(BL-62), and the tail, which not only confirmed the
acupoint specificity but also accounted for the placebo
[84]
effect of EA .
The antihyperalgesic effect of acupuncture may
be mediated via the opioidergic, adrenergic, and
serotonergic pathways in both the central and peripheral
nervous systems. In rats with heterotypic intermittent
stress (HIS), EA delivered at acupoint ST-36 for 30
min in both hind limbs significantly attenuated the
hypersensitive responses to colorectal distention
compared with sham EA treatment. In contrast,
the analgesic effects were blocked by pretreatment
with naloxone, an opioid receptor antagonist, which
suggested that the opioid pathway was involved in the
[85]
regulation of visceral hypersensitivity by acupuncture .
Serotonin (5-HT) hyperactivity is known to increase
visceral sensitivity in the enteric nervous system. This
is supported by the effectiveness of the 5-HT3 receptor
[86]
antagonist in treating IBS . Several studies have
shown that EA at ST-36 decreased visceral sensitivity
and produced an analgesic effect in rats with CVH
[87,88]
via the serotonergic pathway
. In response to
[89]
colorectal distension, Chu et al
used the abdominal
electromyogram (EMG) as the measurement index
for visceral hypersensitivity in rats with CVH, and
found that the inhibitory effect of EA at ST-36 on
visceral hypersensitivity may be mediated by the
5-HT3 receptor in colon tissue. However, a study
[90]
performed by Liu et al
suggested that EA at tianshu
(ST-25) and ST-37 reduced the concentration of 5-HT
by activating the 5-HT4 receptor, which indicated
that the 5-HT3 receptor may not be involved in the
regulation of the visceral pain threshold in CVH rats.
These conflicting results may be partially due to the
application of different acupuncture points in the two
experiments. When EA was applied at ST-36 and ST-37
in CVH rats, the abdominal withdrawal reflex (AWR)
decreased, and the pain threshold pressure (PTP)
increased. Furthermore, the high expression levels
of phosphorylated NMDA receptor subunit (pNR1) in
the spinal cords (L4-L5 segments) of CVH rats was
[84]
markedly attenuated by EA treatment . Aside from the
peripheral nervous system, the central nervous system
plays an important role in the regulation of visceral
sensitivity by EA. Corticotropin-releasing hormone (CRH)
has been shown to increase rectal sensitivity, which
was inhibited by the administration of α-helical CRH,
[91,92]
an antagonist of the CRH receptor
. In IBS model
rats, EA at ST-37 significantly decreased the visceral
sensitivity and hypothalamic CRH levels compared with
the untreated IBS model rats. Therefore, it is possible
that EA can moderate visceral sensitivity by regulating
the hypothalamic CRH concentrations in the rodent IBS
[93]
model .
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ACUPUNCTURE AND MODULATION OF
BRAIN-GUT AXIS
The brain-gut axis is a bridge that connects the CNS
[94]
and GI tract . By means of the brain-gut axis, signals
from the brain influence the sensory, motor, and
secretory modalities, as well as the microbiota of the
gut. Conversely, visceral messages from the microbiota
[95]
may influence brain functions .
The brain-gut axis involves the CNS, autonomic
nervous system (ANS), hypothalamic-pituitary axis (HPA)
and brain-gut peptides. A functional magnetic resonance
imaging (fMRI) study of the human brain demonstrated
that manual acupuncture at ST-36 modulated neural
activity at multiple levels in the cerebro-cerebellar and
[96]
limbic systems . Further, the anterior cingulate cortex,
prefrontal cortices, and the caudate tail may play a role
in processing gastric perceptions in functional dyspepsia
(FD) patients. Acupuncture could deactivate the primary
somatosensory area and the cerebella, and could
[97]
activate the visual-related cortex .
Brain-gut peptides, which are distributed along
the GI tract and in the central nervous system, are
[22,94]
involved in the modulation of GI tract processing
.
Tachykinins, as exemplified by substance P (SP),
participate in important physiological processes in
GI systems including smooth muscle contractility,
[98]
epithelial secretion, and proliferation . A reduction
in the secretion of SP and vasoactive intestinal
polypeptide (VIP), an inhibitor of GI motility, could
contribute to the major effects of EA when treating
[99]
rats with IBS . Motilin and cholecystokinin (CCK)
are peptides that are known to be potent regulators
[47]
of GI motility. In a study by Niu et al , EA at ST-36
significantly increased the secretion of motilin and
CCK, which could be the mechanism by which
acupuncture enhanced the GI myoelectrical activity
[100]
of conscious rabbits
. Further, evidence suggested
that the orexigenic peptides, including ghrelin and
neuropeptide Y (NPY), could be down-regulated by EA
[101]
and could stimulate decreased food intake in rats .

CONCLUSION
Although acupuncture has been used as an appro
priate adjunctive treatment for GI dysfunction
diseases, the underlying mechanisms have not been
clearly understood. Currently, there are no systematic
and comprehensive review articles that clarify the
regulatory effect of acupuncture on GI function. In
this review, we discuss the regulation on GI function
through acupuncture from the perspectives of GI
motility, the GI barrier, visceral sensitivity, and the
brain-gut axis. The results of studies in both humans
(Table 3) and animals suggest that acupuncture has
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Table 3 Clinical trials associated with acupuncture and gastrointestinal Regulation
Trial design
Randomized controlled trial
Non-randomized controlled trial
Non-randomized controlled trial
Randomized controlled trial
Randomized controlled trial

Subjects

Method

Acupoints

Result

Ref.

Healthy persons administered
with mosapride citrate
Healthy persons administered
with loperamide
Healthy persons
Healthy volunteers
Healthy volunteers

Manual acupuncture

LI-4 and PC-6

GI motility ↓

[32]

Manual acupuncture

LI-4 and PC-6

GI motility ↑

[33]

Manual acupuncture
Manual acupuncture
Manual acupuncture

LI-4 and PC-6
ST-36
ST-36 and PC-6

Intestinal motility GI motility ↑
Normogastria↓
Bradygastria ↑

[34]
[21]
[31]

↑, increase; ↓, decrease; -: No effect. GI: Gastrointestinal; RCT: Randomized controlled trial; LI-4: Hegu; PC-6: Neiguan; ST-36: Zusanli.

acupoints. The duration and frequency of acupuncture
manipulation are important parameters for the
success of the therapy. Thus future studies should
incorporate optimized methodologies that account for
the selection of acupoints and stimulation parameters.
The mechanisms underlying the beneficial effects
of acupuncture may be associated with the pathways
and transmitters of the nervous system. However,
the mechanisms behind the involvement of brain-gut
peptides in acupuncture and GI regulation have not been
established because there are no known antagonists
available to serve as controls in experimental studies.
Although manual acupuncture and EA are both effective
in regulating GI disorders, it is still unclear which
method is more effective in certain conditions. Further
investigation of the efficacy of acupuncture on multiple
targets may be more likely to inspire scientific interest.
Furthermore, to elucidate the roles and mechanisms
of acupuncture in GI regulation and new therapeutic
approaches for treating various GI diseases, proper
controls are required in future studies.

4 cun 4 cun
2
4
8 cun

CV-12

4
ST-25

12 cun
PC-6
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Abstract
AIM: To characterize high-mobility group protein
1-toll-like receptor 4 (HMGB1-TLR4) and downstream
signaling pathways in intestinal ischemia/reperfusion (I/
R) injury.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of the Academic
Committee of Chinese Academy of Medical Sciences and Peking
Union Medical College Hospital (IACUC protocol number:
XHDW-2013-008).

METHODS: Forty specific-pathogen-free male C57BL/6
mice were randomly divided into five groups (n = 8
per group): sham, control, anti-HMGB1, anti-myeloid
differentiation gene 88 (MyD88), and anti-translocatingchain-associating membrane protein (TRIF) antibody
groups. Vehicle with the control IgG antibody, antiHMGB1, anti-MyD88, or anti-TRIF antibodies (all 1 mg/kg,
0.025%) were injected via the caudal vein 30 min prior to
ischemia. After anesthetization, the abdominal wall was
opened and the superior mesenteric artery was exposed,
followed by 60 min mesenteric ischemia and then 60
min reperfusion. For the sham group, the abdominal
wall was opened for 120 min without I/R. Levels of
serum nuclear factor (NF)-κB p65, interleukin (IL)-6, and
tumor necrosis factor (TNF)-α were measured, along
with myeloperoxidase activity in the lung and liver. In
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addition,morphologic changes that occurred in the lung
and intestinal tissues were evaluated. Levels of mRNA
transcripts encoding HMGB1 and NF-κB were measured
by real-time quantitative PCR, and levels of HMGB1 and
NF-κB protein were measured by Western blot. Results
were analyzed using one-way analysis of variance.

INTRODUCTION
Ischemia/reperfusion (I/R) injury is a syndrome in
which serious cellular structural damage and functional
metabolic disorders occur and organ function is
further aggravated when blood flow that was halted
[1-4]
curing ischemia is restored after a period of time .
The gut is an important functional organ for the
immune and endocrine systems, and it also serves as
a protective barrier. Intestinal I/R injury is one of the
main triggers that can lead to a systemic inflammatory
response syndrome, acute lung injury, acute respiratory
distress syndrome, and multiple organ dysfunction
[5-8]
syndrome . Although extensive investigative efforts
have focused on characterizing the pathogenesis of
distant organ injury induced by intestinal I/R, the
underlying mechanism remains the subject of debate,
and there are currently no effective methods for its
prevention or control.
Recently, studies have suggested that I/R injury
could be caused by interactions between toll-like
receptor 4 (TLR4) and high-mobility group protein
1 (HMGB1), an endogenous TLR4 ligand. HMGB1
can activate TLR4, which can subsequently trigger
[9]
downstream signal-transduction pathways . The
downstream signal transduction pathways initiated
by TLR4 and HMGB1 are thought to include myeloid
differentiation gene 88(MyD88)/TIR domain-containing
adaptor protein (TIRAP)- and TIR domain-containing
adaptor inducing interferon (IFN)-β (TRIF)/translocatingchain-associating membrane protein (TRAM)-depen
[10]
dent pathways . In the process whereby TLR4
stimulates the release of inflammatory cytokines
induced by endotoxin, MyD88- and TRIF-dependent
[11]
pathways both play critical roles . However, only
a few studies have examined these pathways in
aseptic/noninfectious I/R injury. Furthermore, whether
intestinal I/R induces local and distant organ injury
via these pathways has been poorly characterized.
This study aimed to determine whether administering
HMGB1 antibody could reduce tissue damage induced
by intestinal I/R and to characterize the role of the
HMGB1-TLR4 axis in I/R injury by administrating antiHMGB1 antibody to block the binding of HMGB1 and
TLR4 using a mouse intestinal I/R model. Additionally,
to further investigate the MyD88/TIRAP or TRIF/TRAM
pathways, we went on to characterize whether one
pathway serves a dominant function in inducing a
systemic inflammatory response and distant organ
injury following intestinal I/R (Figure 1). This study has
an important clinical significance that will inform efforts
to identify an effective targeted therapy, which could
improve the survival rate and reduce complications in
critically ill patients.

RESULTS: B locking HMGB1, MyD88, and TRIF
expression by injecting anti-HMGB1, anti-MyD88, or
anti-TRIF antibodies prior to ischemia reduced the levels
of inflammatory cytokines in serum; NF-κB p65: 104.64
± 11.89, 228.53 ± 24.85, 145.00 ± 33.63, 191.12 ±
13.22, and 183.73 ± 10.81 (P < 0.05); IL-6: 50.02 ±
6.33, 104.91 ± 31.18, 62.28 ± 6.73, 85.90 ± 17.37, and
78.14 ± 7.38 (P < 0.05); TNF-α, 43.79 ± 4.18, 70.81 ±
6.97, 52.76 ± 5.71, 63.19 ± 5.47, and 59.70 ± 4.63 (P
< 0.05) for the sham, control, anti-HMGB1, anti-MyD88,
and anti-TRIF groups, respectively (all in pg/mL).
Antibodies also alleviated tissue injury in the lung and
small intestine compared with the control group in the
mouse intestinal I/R model. The administration of antiHMGB1, anti-MyD88, and anti-TRIF antibodies markedly
reduced damage caused by I/R, for which anti-HMGB1
antibody had the most obvious effect.
CONCLUSION: HMGB1 and its downstream signaling
pathway play important roles in the mouse intestinal
I/R injury, and the effect of the TRIF-dependent
pathway is slightly greater.
Key words: C57BL/6 mouse; High-mobility group protein
1; Intestinal ischemia-reperfusion injury; Myeloid diff
erentiation gene 88; Nuclear factor-κB translocatingchain-associating membrane protein
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intestinal mucosal barrier injury induced by
intestinal ischemia/reperfusion is often the basis for
a poor prognosis in many diseases. Despite extensive
investigative efforts,the underlying mechanism remains
a subject of debate, and there are currently no effective
methods for its prevention or control. The findings
reported here suggest that the high-mobility group
protein 1-toll-like receptor 4 axis and the two down
stream signaling pathways play important roles
in ischemia/reperfusion injury and show potential
therapeutic value for their blockade. This study has an
important clinical significance, which could improve the
survival rate and reduce complications in critically ill
patients.
Wang J, He GZ,Wang YK, Zhu QK, Chen W, Guo T. TLR4HMGB1-, MyD88- and TRIF-dependent signaling in mouse
intestinal ischemia/reperfusion injury. World J Gastroenterol
2015; 21(27): 8314-8325 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i27/8314.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8314
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Animals

Forty, male C57BL/6 mice that were specific-pathogen-
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for 60 min with a noninvasive artery clamp, followed
by reperfusion for 60 min (according to the results
of preliminary experiment). In the sham group, the
abdominal cavity was only opened for 120 min without
I/R. All animals were euthanized by barbiturate
overdose (150 mg/kg pentobarbital sodium, ip) for
tissue collection.

TLR4 + HMGB1

HMGB1 antibody

MyD88 antibody

TRIF antibody

Specimen collection
MyD88 dependent

TRIF dependent

NF-κB↓

NF-κB↓

TNF, ILs↓

IFNs, ILs↓

Blood: After the operation, blood was collected from
the eye socket vein and centrifuged at 3000 rpm for
15 min at 4 ℃. Next, serum was separated and stored
at -80 ℃ for further analysis.
Tissue: After mice were sacrificed, the left lower lobe
of the lung, a 3-cm proximal section of the jejunum,
and a 3-cm distal section of the ileum were excised,
rinsed in ice-cold normal saline, and dried on filter
paper for histologic examination. The right liver, left
upper lobe, right lung, a 6-cm proximal section of the
jejunum, and a 6-cm distal section of the ileum were
stored at -80 ℃ after being quickly immersed in liquid
nitrogen for all other measurements.

Figure 1 High-mobility group protein 1-toll-like receptor 4 and down
stream signaling pathways. IFN: Interferon; IL: Interluekin; MyD88: Myeloid
differentiation gene 88; NF-κB: Nuclear factor-κB; TNF: Tumor necrosis factor;
TRIF: Translocating-chain-associating membrane protein; HMGB1: Highmobility group protein 1; TLR4: Toll-like receptor 4.

Hematoxylin and eosin staining of mice tissue slices

Samples of the intestine and lung were fixed in
10% formalin solution and sectioned (4 μm) after
dehydration, cleaning, and paraffin embedding. The
sections were flattened, mounted, and heated on blank
glass slides. Histologic evaluations were performed
by hematoxylin and eosin staining and pathologic
examination.
Lung histologic scoring system was applied as
[14]
described . Lung injury was scored in each sample
according to the following four items: alveolar
congestion, hemorrhage, infiltration or aggregation of
neutrophils in the airspace or vessel wall, and thickness
of the alveolar wall. A score of 0 represented normal
findings and scores of 1, 2, 3, and 4 represented mild (<
25%), moderate (25%-50%), severe (50%-75%), and
very severe (> 75%) lung involvement, respectively.
The overall score was based on the sum of all scores.
The degree of intestinal injury was evaluated
according to the scoring system developed by Anthony
[15]
Stallion et al
(Table 1).The scale ranges from 0 to
4. No injury is scored as 0, with grade 4 depicting
transmural necrosis of the intestine. The important
components of injury include loss of villus height,
infiltration of lymphocytes, and degree of necrosis.

free grade and weighed 24-26g were purchased from
Beijing Vital River Laboratory Animal Technology Co.
Ltd (scxk 2007-0001). The mice were housed under
barrier-sustained conditions at a temperature of 25 ℃
and 50% humidity with 12 h light/dark cycles, and
had free access to water and food for 2 wk prior to
the operation. The mice were randomly divided into
five groups (n = 8 for each group): sham, control
(injected vehicle with the control IgG antibody), antiHMGB1 (injected anti-HMGB1 antibody), anti-MyD88
(injected anti-MyD88 antibody), and anti-TRIF (injected
anti-TRIF antibody). All mice were maintained in
accordance with the recommendations of the Guide for
the Care and Use of Laboratory Animals. The research
protocols were approved by the Academic Committee
of Chinese Academy of Medical Sciences and Peking
Union Medical College.

Intestinal I/R

Prior to the operation, all mice were fasted overnight,
but were allowed access to water ad libitum. Vehicle with
the control IgG antibody (Abcam, Cambridge, United
Kingdom), anti-HMGB1(Abcam), anti-MyD88(Abcam),
or anti-TRIF (Biolegend, San Diego, CA, United States)
antibodies (all 1 mg/kg, 0.025%) were injected via
[12,13]
the caudal vein 30 min prior to ischemia
. The
dose used was based on references and the results of
a preliminary experiment. The mice were anesthetized
with an injection of 1% sodium pentobarbital (50 mg/
kg, ip). A midline incision was performed to bluntly
separate the superior mesenteric artery(SMA). In
addition to the sham group, the SMA was occluded
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Measurement of tissue myeloperoxidase (MPO) activity

Tissue MPO activity was determined in the lung
and liver. The left upper lobe of lung and liver were
harvested, rinsed, blotted dry, and frozen at -80 ℃.
The samples were measured using an MPO detection
assay according to the supplier’s specifications
(Jiancheng Bio, Nanjing, China). Tissue MPO activity is
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-∆∆CT

by the 2
method and presented as fold change
of transcripts for the HMGB1 and NF-κB in the ileum
and lung tissue of other groups compared with shamoperated mice (defined as 1.0-fold). Mouse GAPDH was
used as an internal control. The relative expression of
the target gene was normalized to the level of GAPDH
in the same cDNA.

Table 1 Histologic grading of intestinal ischemia-reperfusion
injury
Grade
0

1

2

3

4

Features
Normal,villus to crypt ratio 5-6:1, minimal number of
lymphocytes and plasma cells, tall columnar surface epithelial
cells
Epithelial cell degenerative changes (cuboidal,vacuolated) but
intact, mild increase of lymphocytes and plasma cells in lamina
propria
Decreased villus height, yielding villus to crypt ratio ≤ 1,

Western blots for detection of HMGB1 and NF-κ B
protein in jejunum, ileum, and lung

Total protein extract was prepared, and samples
were separated using 10% SDS-PAGE. Proteins were
then transferred to nitrocellulose membranes, which
were then blocked for 2 h in 5% nonfat dry milk.
The membranes were then incubated overnight in
anti-HMGB1 (1:1000; Abcam), NF-κB (1:1000; Cell
Signaling Technology, Inc.,Danvers,MA, United States)
and β-actin (1:1000; Santa Cruz Biotechnology,
Inc., Dallas, TX,United States) primary antibodies.
Membranes were washed in PBST and incubated in
horseradish-peroxidase-conjugated mouse secondary
antibody in 5% nonfat milk (1:10000; Santa Cruz
Biotechnology, Inc.) for 1 h at room temperature.
Protein bands were visualized by chemiluminescence.

epithelial cell necrosis or erosions, more chronic inflammation
in lamina propria ± neutrophils, glandular dilatation
Villi effaced (flat surface), epithelial cell necrosis or erosions,
pseudomembrane may appear on surface, glandular
destruction, inflammation extending deep to muscle layer
Transmural changes (all of above plus change in muscle layer)

expressed as activity units per gram of protein.

Cytokines assay

The serum concentrations of interleukin (IL)-6,tumor
necrosis factor (TNF)-α, and nuclear factor (NF)-κB
p65 were determined using ELISA kits (ME044,ME055,
and ME053, respectively; eBioscience Inc., San Diego,
CA, United States) according to the manufacturer’s
protocols.

Statistical analysis

Quantitative data are presented as mean ± SD.
Statistical software SPSS l9.0(IBM Corp., Armonk, NY,
United States)was used to test the homogeneity of
variance. Multiple comparisons were performed with
one-way analyses of variance followed by a leastsignificant difference tests.Statistical significance
was determined by analyzing the data with the
nonparametric Kruskal-Wallis test, followed by the
Mann-Whitney test for the histologic score. Statistical
significance was set at P < 0.05.
The statistical methods of this study were reviewed
by Hai-Long Li from Department of Health Statistics of
Peking Union Medical College.

Quantitative real-time reverse transcriptase- PCR for
HMGB1and NF-κ B in terminal ileum and lung

Total RNA was extracted from terminal ileum and
®
lung tissue specimens using E.Z.N.A. Total RNA KitII
(Omega Bio-Tek Inc., Norcross, GA, United States).
The purity of RNA was tested by spectrophotometric
analysis. Reverse transcription PCR amplification was
conducted with MyCycler PCR (Bio-Rad Laboratories,
Inc., Hercules, CA, United States), in accordance with
TM
the illustrations of the GoScript Reverse Transcription
System (A5000; Promega, Madison, WI, United States).
Utilizing 2 μL of reverse transcriptase products, realtime quantitative PCR was performed in a final volume
of 20 μL using the gene-specific primers. The following
primers designed with Primer Express Software were
used: 5′-TTAGTCCCAGCGAAGGCTAT-3′ (forward) and
5′-CAAGTTTCCTGAGCAATCCA-3′ (reverse) for mouse
HMGB1; 5′-GCTACACAGAGGCCATTGAA-3′ (forward) and
5′-GTGGAGGAAGACGAGAGAGG-3′ (reverse) for mouse
NF-κB; 5′-GGCATTTCACTGCTTGATGT-3′ (forward) and
5′-TGACATTCCCATGAAACCTC-3′ (reverse) for mouse
MyD88; 5′-TCAGAGAGTCCATCATTCGG-3′(forward)
and5′-TACACGCCCACTCTTCTGAG-3′ (reverse) for
mouse TRIF; 5′-GCAAGTTCAACGGCACAG-3′(forward)
and 5′-CGCCAGTAGACTCCACGAC-3′ (reverse) for
mouse GAPDH. Amplification was processed on Roche
®
LightCycler 480 as follows: 10 min at 95 ℃, followed
by 40 cycles of 15 s at 95 ℃, 60 s at 60 ℃, and then
the melting curve was determined. Gene transcripts
were quantified with SYBR green PCR master mix
(Applied Biosystems of Thermo Fisher Scientific,
Waltham, MA, United States). Data were calculated
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RESULTS
Serum levels of inflammatory factors

Serum levels of IL-6, TNF-α and NF-κB p65 in the
control, anti-HMGB1, anti-MyD88, and anti-TRIF groups
were significantly higher than in the sham group
(P < 0.05) (Table 2). However, the increased levels
of inflammatory cytokines in the anti-HMGB1, antiMyD88, and anti-TRIF groups were significantly lower
than in the control group (P < 0.05). Furthermore, the
degrees of reduction in the anti-MyD88 and anti-TRIF
groups were lower than in the anti-HMGB1 group (P <
0.05). There was a slight but nonsignificant increase
in the anti-MyD88 group compared with the anti-TRIF
group.

Levels of MPO activity in the liver and lung

The levels of MPO activity (an enzyme marker for
activated neutrophils) in the liver and lung in the control
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Table 2 Concentrations of inflammatory factors in serum
(mean ± SD)

Table 3 Levels of myeloperoxidase activity in the lung and
liver (mean ± SD)

Group
(n = 8)

p65 (pg/mL)

Group (n = 4)

Sham
Control
Anti-HMGB1
Anti-MyD88
Anti-TRIF

104.64 ± 11.89
228.53 ± 24.85a
145.00 ± 33.63a,b
191.12 ± 13.22a,b,c
183.73 ± 10.81a,b,c

IL-6 (pg/mL)

TNF-α (pg/mL)

50.02 ± 6.33
104.91 ± 31.18a
62.28 ± 6.73a,b
85.90 ± 17.37a,b,c
78.14 ± 7.38a,b,c

Sham
Control
Anti-HMGB1
Anti-MyD88
Anti-TRIF

43.79 ± 4.18
70.81 ± 6.97a
52.76 ± 5.71a,b
63.19 ± 5.47a,b,c
59.70 ± 4.63a,b,c

Lung
0.30 ± 0.12
0.76 ± 0.06a
0.46 ± 0.06a,b
0.63 ± 0.03a,b,c
0.57 ± 0.06a,b,c

Liver
0.25 ± 0.03
0.68 ± 0.08a
0.40 ± 0.07a,b
0.55 ± 0.03a,b,c
0.50 ± 0.04a,b,c

a

b

a

P < 0.05 vs sham group; bP < 0.05 vs control group; cP < 0.05 vs antiHMGB1 group. HMGBI: High-mobility group protein 1; MyD88: Myeloid
differentiation gene 88; TRIF: Translocating-chain-associating membrane
protein.

c

P < 0.05 vs sham group; P < 0.05 vs control group; P < 0.05 vs antiHMGB1 group. HMGBI: High-mobility group protein 1; IL: Interleukin;
MyD88: Myeloid differentiation gene 88; TNF-α: Tumor necrosis factor-α;
TRIF: Translocating-chain-associating membrane protein.

with a complete and clear alveolar structure; neither
edema nor alveolar hemorrhage was observed.
Lung tissue from the control group showed features
of substantial lung injury, including alveolar epithelial
damage, fracture and fusion, alveolar septal thickening,
interstitial and intra-alveolar edema with patchy
hemorrhage, vascular congestion and some collapsed
alveoli, as well as notable inflammatory cell infiltration
(Figure 3B). Compared with the control group, tissue
injury was markedly attenuated by HMGB1 antibody
administration. Alveoli were well aerated and a mild
neutrophil infiltration in the interstitium could be
observed (Figure 3C). The degree of tissue injury in
the anti-MyD88 and anti-TRIF treated groups was
significantly lower than in the control group (P <
0.05), but was markedly more serious than in the
anti-HMGB1 group (Figure 3D, E, Table 4). There was
a trend towards a reduction in lung injury in the antiTRIF group compared with the anti-MyD88 group, but
this difference was not statistically significant.

MPO activity of lung (U/g tissue)

A
1.0
a
0.8

a,b,c

0.6

a,b,c

a,b

0.4
0.2
0.0

S

C

H

M

T

MPO activity of liver (U/g tissue)

B
0.8

a
a,b,c

0.6

a,b,c

a,b
0.4
0.2
0.0

S

C

H

M

Pathologic changes of the jejunum and ileum:
By light microscopy, small intestine specimens of
the sham group showed unchanged morphologic
structures with an integrated mucosal epithelial, clear
tissue layers, no congestion, and inflammatory cell
infiltration. Compared with the sham group, the control
group showed obvious tissue injury based on mucosal
necrosis, erosion, edema, and hyperemia, as well as
the reduction of intestinal villi height and mucosal
thickness, regional bleeding in the mucosa and lamina
propria, and a large amount of inflammatory cell
infiltration. However, the anti-HMGB1 group showed
slight damage in the villus apex and less inflammatory
cell infiltration in the mucosa. The anti-HMGB1 group
showed obvious attenuation of small intestinal injury
compared with the control group. Our findings for
intestinal injury in the anti-MyD88 and anti-TRIF
groups were in accordance with the findings in lung
(Figure 4, Table 5).

T

Figure 2 Levels of myeloperoxidase activity in the lung and liver. S: Sham
group; C: Control group; H: Anti-high-mobility group protein 1 group; M: Antimyeloid differentiation gene 88 group; T: Anti-translocating-chain-associating
membrane protein group; n = 4; aP < 0.05 vs sham group; bP < 0.05 vs control
group; cP < 0.05 vs anti-HMGB1 group. MPO: Myeloperoxidase.

and antibody-treatment groups were significantly higher
than in the sham group (P < 0.05) (Figure 2, Table 3).
The MPO levels in the three antibody-treatment groups
were lower than in the control group (P < 0.05). The
anti-HMGB1 group, which showed the largest reduction
among the three experimental groups, showed a
significant difference compared with the anti-MyD88
and anti-TRIF groups (P < 0.05). However, there was
no significant change between the anti-MyD88 and antiTRIF groups.

Expression of HMGB1, NF-κ B, MyD88, and TRIF mRNA
in ileum and HMGB1 and NF-κ B mRNA in lung

Histopathologic evaluation

Pathologic changes of lung: As shown in Figure
3A, mice in the sham group had normal lung tissue

WJG|www.wjgnet.com

The mRNA expression of HMGB1 and NF-κB in the lung
and the ileum in the control and antibody-treatment
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A

B

C

D

E

Figure 3 Hematoxylin and eosin staining of lungs in all groups (magnification × 400). A: Sham group; B: Control group; C: Anti-high-mobility group protein 1
group; D: Anti-myeloid differentiation gene 88 group; E: Anti-translocating-chain-associating membrane protein group (magnification × 400; scale bars = 50 μm).

Table 4 Lung injury score in all groups (mean ± SD)
Group (n = 6)
Sham
Control
Anti-HMGB1
Anti-MyD88
Anti-TRIF

Alveolar congestion

Hemorrhage

Neutrophil infiltration

Alveolar wall thickness

1.18 ± 0.21
3.82 ± 0.18
2.05 ± 0.12
3.07 ± 0.16
2.93 ± 0.16

0.63 ± 0.27
2.72 ± 0.18
1.02 ± 0.26
2.13 ± 0.26
1.92 ± 0.18

0.23 ± 0.08
1.85 ± 0.15
0.47 ± 0.10
0.87 ± 0.18
0.77 ± 0.14

0.17 ± 0.08
2.37 ± 0.23
0.55 ± 0.14
1.08 ± 0.23
1.02 ± 0.16

Total score
2.22 ± 0.64
10.75 ± 0.73a
4.08 ± 0.60a,b
7.15 ± 0.77a,b,c
6.63 ± 0.62a,b,c

a

P < 0.05 vs sham group; bP < 0.05 vs control group; cP < 0.05 vs anti-HMGB1 group. HMGBI: High-mobility group protein 1; MyD88: Myeloid differentiation
gene 88; TRIF: Translocating-chain-associating membrane protein.

groups were all significantly higher than the sham
group (all P < 0.05) (Tables 6 and 7). The increase
in the control group was the most obvious, and was
significantly higher than the anti-HMGB1 group (P
< 0.05). The levels in the anti-MyD88 and anti-TRIF
groups were significantly lower than in the control group
(P < 0.05), but were the lowest in the anti-HMGB1
group. There was a slight increase in the anti-MyD88
group compared with the anti-TRIF group, but this was
not significant. The mRNA expression of MyD88 in ileum
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in the anti-HMGB1 group and the anti-MyD88 group
were all significantly lower than in the control group and
the anti-TRIF group (P < 0.05); The mRNA expression
of TRIF in ileum in the anti-HMGB1 group and the antiTRIF group were all significantly lower than in the
control group and the anti-MyD88 group (P < 0.05).

Protein levels of HMGB1 and NF-κ B in lung, jejunum,
and ileum

After intestinal I/R injury, protein levels of HMGB1 and
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A1

B1

D1

E1

A2

B2

D2

E2

C1

C2

Figure 4 Hematoxylin and eosin staining of the jejunum and ileum in all groups (magnification × 100). Representative images from jejunum (A1-E1) and ileum
(A2-E2). A: Sham group; B: Control group; C: Anti-high-mobility group protein 1 group; D: Anti-myeloid differentiation gene 88 group; E: Anti-translocating-chainassociating membrane protein group (magnification × 100; scale bars = 200 μm).

was no significant difference between the anti-MyD88
and anti-TRIF groups,though there was a slight trend
towards attenuation in the anti-TRIF group compared
with the anti-MyD88 group.

Table 5 Intestine injury score in all groups (mean ± SD)
Group (n = 6)

Jejunum

Sham
Control
Anti-HMGB1
Anti-MyD88
Anti-TRIF
a

0.17 ± 0.08
2.97 ± 0.16a
1.23 ± 0.23a,b
2.17 ± 0.22a,b,c
2.08 ± 0.17a,b,c
b

Ileum
0.22 ± 0.12
3.15 ± 0.32a
1.32 ± 0.27a,b
2.18 ± 0.29a,b,c
2.05 ± 0.27a,b,c

DISCUSSION
Surgery, trauma, shock, transplantation, and many
other diseases often induce tissue I/R. I/R results in the
recruitment and activation of a number of downstream
[16]
adaptor proteins and signaling kinases . Previous
studies have shown that high levels of molecular oxygen
and overproduction of toxic oxygen radicals play critical
[17]
roles in the pathologic process of I/R injury . Wu et
[18]
al
summarized that during renal I/R injury, reactive
oxygen species not only directly inhibit the reperfusion
of renal tissue, but more importantly induce and amplify
inflammatory responses via oxidative stress, thereby
increasing renal injury and apoptosis. In additional,
[19]
the study by Quesnelle et al
shows that hepatic I/R
injury involves numerous pathophysiologic processes.

c

P < 0.05 vs sham group; P < 0.05 vs control group; P < 0.05 vs antiHMGB1 group. HMGBI: High-mobility group protein 1; MyD88: Myeloid
differentiation gene 88; TRIF: Translocating-chain-associating membrane
protein.

NF-κB in the lung, jejunum, and ileum in the control
and antibody-treatment groups were significantly
increased compared with the sham group, but were
significantly lower in the anti-HMGB1, anti-MyD88, and
anti-TRIF groups compared with the control group (all
P < 0.05) (Figure 5). The degrees of reduced injury
in the anti-MyD88 and anti-TRIF groups were lower
than in the anti-HMGB1 group (P < 0.05), and there
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results of the current study show that the protein and
mRNA levels of HMGB1 in the small intestine and lung
and levels of serum inflammatory cytokines, including
TNF-α and IL-6, in mice subjected to intestinal I/R
were increased significantly compared with shamoperated mice. Administering HMGB1 antibody prior to
ischemia resulted in the marked attenuation of protein
and mRNA levels of HMGB1 and inflammatory factors
compared with the control group. These findings
confirm that the HMGB1-TLR4 axis plays an important
role in local and distant organ damage induced by I/R.
The HMGB1-TLR4-mediated signaling pathway
mainly activates NF-κB, which plays a critical role
in the release of inflammatory factors through two
downstream pathways, including MyD88- and TRIF[31,32]
dependent pathways
. The MyD88/TIRAP pathway
causes the release of various inflammatory factors,
such as IL-1, IL-6, IL-8, IL-10, IL-12, IL-18, and TNF-α,
[32]
mainly through the activation of NF-κB . The TRIF/
TRAM pathway mainly depends on the activation of
IFN regulatory factor 3, followed by the expression of
IFN-β and IFN-induced genes (such as IP-10) and the
activation of transcription factors (NF-κB) that induce
[32]
the synthesis and release of inflammatory factors .
In the present study, the mRNA levels of MyD88 and
TRIF in ileum of mice subjected to I/R were obviously
increased, and the MyD88/TIRAP and TRIF/TRAM
pathways could be blocked effectively by injecting antiMyD88 or anti-TRIF antibody, respectively. Previous
studies reported that the contribution of these two
downstream pathways is not equivalent in organ I/R
injury. For example, the MyD88-dependent pathway
was confirmed to play a key role in kidney I/R injury
by comparing renal tubular epithelial cells between
[33]
MyD88-deficient and wildtype animals . Furthermore,
the MyD88-dependent pathway might play a more
important role in aseptic inflammatory reactions, such
as rheumatoid arthritis. However, the TRIF-dependent
pathway might play a dominant role in the process
[34,35]
of nerve cell degeneration induced by brain I/R
.
However, in intestinal I/R injury, whether there is
a dominant pathway activated by TLR4 that drives
pathology has not been reported. The results of the
current study demonstrate that the serum levels of
inflammatory cytokines IL-6, TNF-α, and NF-κB p65
in anti-HMGB1, anti-MyD88, and anti-TRIF groups
were significantly lower than in the control group.
Additionally, the degree of reduction in the anti-HMGB1
group was the most obvious (perhaps because HMGB1
has an essential role, and downstream molecules
MyD88 and TRIF might have partial redundancy).
However, there was a slight increase in the antiMyD88 group compared with the anti-TRIF group, but
this difference was not significant. Consistent changes
were observed in lung and small intestinal morphology
and levels of MPO activity in the liver and lung. Thus,
we can make some preliminary conclusions.First,
HMGB1-TLR4 plays an important function in intestinal

Table 6 HMGB1and NF-κB mRNA expression in lungs from
all groups (mean ± SD)
Group (n = 6)

HMGB1

Sham
Control
Anti-HMGB1
Anti-MyD88
Anti-TRIF

NF-κB

1.04 ± 0.19
2.67 ± 0.30a
1.89 ± 0.18a,b
2.35 ± 0.31a,b,c
2.29 ± 0.28a,b,c

1.03 ± 0.21
2.04 ± 0.29a
1.42 ± 0.23a,b
1.77 ± 0.18a,b,c
1.70 ± 0.13a,b,c

P < 0.05 vs sham group; bP < 0.05 vs control group; cP < 0.05 vs antiHMGB1 group. HMGBI: High-mobility group protein 1; MyD88: Myeloid
differentiation gene 88; NF-κB: Nuclear factor-κB; TRIF: Translocatingchain-associating membrane protein.
a

Table 7 HMGB1, NF-κB, MyD88, and TRIF mRNA
expression in ileum from all groups (mean ± SD)
Group (n = 6)
Sham
Control
Anti-HMGB1
Anti-MyD88
Anti-TRIF

HMGB1

NF-κB

MyD88

TRIF

1.04 ± 0.19
2.67 ± 0.30a
1.89 ± 0.18a,b
2.35 ± 0.31a,b,c
2.29 ± 0.28a,b,c

1.03 ± 0.21
2.04 ± 0.29a
1.42 ± 0.23a,b
1.77 ± 0.18a,b,c
1.70 ± 0.13a,b,c

1.01 ± 0.10
2.55 ± 0.16a
2.37 ± 0.08a,b
2.30 ± 0.16a,b
2.53 ± 0.07a,c,d

1.01 ± 0.11
3.05 ± 0.10a
2.90 ± 0.13a,b
3.04 ± 0.13a,c
2.85 ± 0.12a,b,d

a

P < 0.05 vs sham group; bP < 0.05 vs control group; cP < 0.05 vs antiHMGB1 group; dP < 0.05 vs anti-MyD88 group. HMGBI: High-mobility
group protein 1; MyD88: Myeloid differentiation gene 88; NF-κB: Nuclear
factor-κB; TRIF: Translocating-chain-associating membrane protein.

For example, during I/R injury, reactive oxygen species
are generated in excess, which leads to oxidative stress
and results in cell injury and death. Furthermore,
reactive oxygen species, along with oxidative stress, are
an essential mediator in the release of HMGB1. As the
gut is sensitive to ischemia, intestinal mucosal barrier
injury induced by intestinal I/R can often be the basis
for a poor prognosis in many diseases, but its specific
mechanism remains unclear. Recently, studies have
found that the expression of HMGB1 and TLR4 in heart,
brain, liver, and kidney are increased during I/R and the
HMGB1-TLR4 axis might be the most important trigger
of the inflammatory response to I/R injury in many
[20-23]
organs
.
TLRs, which can recognize molecules such as
danger-associated molecular patterns, are a family of
transmembrane proteins that can bind to a range of
microbial products and can also recognize endogenous
ligands to mediate the secretion of cytokines and the
[24-26]
generation of natural immune responses
. HMGs
were originally identified as a type of highly conserved
DNA binding proteins that are widely expressed in
mammals. Within the nucleus, HMGs participate in
the construction and stability of nucleosomes and also
regulate gene transcription; outside the nucleus, HMGs
mediate inflammatory reactions, and promote cell
[27,28]
differentiation and tumor growth
. Among HMGs,
HMGB1 has the closest association with I/R injury.
HMGB1 can be released by monocytes/macrophages,
[29,30]
and has been shown to bind to TLR4 after I/R
. The
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I/R injury in mice by triggering MyD88- and TRIFdependent downstream signaling pathways.Second,
these two downstream signaling pathways both play
important roles, but the effect of the TRIF-dependent
pathway might be slightly greater.Finally, the tissue
damage caused by I/R was obviously alleviated by
antibody administration.
The NF-κB family contains important transcription
factors that play critical roles in regulating the
expression of groups of genes involved in immune
[36]
and inflammatory responses . MyD88- and TRIFdependent pathways can both activate NF-κB to induce
the release of inflammatory cytokines. The results of
the present study show that the mRNA levels of NF-κB
in the lung and ileum in the anti-HMGB1, anti-MyD88,
and anti-TRIF groups were significantly lower than
those in the control group. The degrees of reduction
in the anti-MyD88 and anti-TRIF groups were lower
than that in the anti-HMGB1 group. Measurements of
NF-κB protein levels were in accordance with those of
mRNA expression. These findings further suggest that
HMGB1-TLR4 is key in local and distant tissue injury
induced by intestinal I/R, and that the two downstream
pathways both affect protein and mRNA expression.
The protein and mRNA levels of HMGB1 in lung
and small intestine were markedly attenuated by
administration of anti-HMGB1, anti-MyD88, and antiTRIF antibodies. There are several possible reasons
for this finding. HMGB1 can stimulate the secretion
of inflammatory factors, such as TNF-α, IL-6, IL-1β,
and IL-8.In addition, inflammatory factors secreted
after HMGB1 stimulation could promote monocyte/
macrophage secretion of HMGB1. Therefore, HMGB1
could form a positive feedback loop to cause inflam
[33]
matory signal cascade amplification . Blocking the
MyD88/TIRAP and TRIF/TRAM pathways by injecting
anti-MyD88 and anti-TRIF antibodies, respectively, can
partially inhibit the expression of inflammatory factors
(e.g., NF-κB, IL-6, and TNF-α), and the reduction
these, in some contexts, can attenuate levels of HMGB1
expression.
Blocking HMGB1, MyD88 and TRIF expression
by injecting anti-HMGB1, anti-MyD88, or anti-TRIF
antibodies prior to ischemia can significantly reduce the
levels of inflammatory cytokines in serum, including
TNF-α, IL-6 and NF-κB, and can also alleviate tissue
injury in the lung and small intestine compared with the
control group in the mouse intestinal I/R model. The
findings presented here also suggest that the HMGB1TLR4 axis and the two downstream signaling pathways
all play important roles in I/R injury and show the
potential therapeutic value of blocking these pathways.
Interventions to prevent the release of HMGB1 and to
block the two downstream signaling pathways could
become a new clinical therapeutic method to reduce
intestinal I/R injury in the future.
In conclusion, HMGB1 and its downstream signaling
pathways play important roles in the mouse intestinal
I/R injury, and the effect of the TRIF-dependent

WJG|www.wjgnet.com

pathway tends to be slightly larger. The administration
of anti-HMGB1, anti-MyD88, and anti-TRIF antibodies
significantly reduce the damage caused by I/R, and
the effect of the anti-HMGB1 antibody is the most
obvious.
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Background

The intestine is an important organ with immune, endocrine, and barrier
functions. Intestinal ischemia reperfusion (I/R) injury is believed to lead to
systemic inflammatory response syndrome, acute lung injury, acute respiratory
distress syndrome, and multiple organ dysfunction syndrome, but the specific
mechanism remains controversial. The interaction of toll like receptor 4(TLR4)
and high-mobility group protein1 (HMGB1) and the two downstream signaling
pathways have gained attention in organ injury induced by I/R.

Research frontiers

Recently, studies have found that the expression of HMGB1 and TLR4 in heart,
brain, liver, and kidney are increased during I/R, and the HMGB1-TLR4 axis
might be the most important trigger of the inflammatory response to I/R injury in
many organs.

Innovations and breakthroughs

Only a few studies have examined TLR4-HMGB1 axis and the downstream
signaling pathway in aseptic/noninfectious I/R injury. Furthermore, whether
intestinal I/R induces local and distant organ injury via these pathways has been
poorly characterized. This study aimed to determine whether administering an
HMGB1 antibody could reduce tissue damage induced by intestinal I/R and to
characterize the role of the HMGB1-TLR4 axis in I/R injury by administrating
an anti-HMGB1 antibody. Additionally, to further investigate the myeloid
differentiation gene 88(MyD88)/TIR domain-containing adaptor protein- and
TIR domain-containing adaptor inducing interferon (IFN)-β/translocating-chainassociating membrane protein-dependent pathways, the authors went on to
characterize whether one pathway serves a dominant function in inducing a
systemic inflammatory response and distant organ injury following intestinal I/R.

Applications

The study results suggest that interventions to prevent the release of HMGB1
and to block the two downstream signaling pathways could become a
new clinical therapeutic method to reduce intestinal I/R injury in the future.
Furthermore, it has an important clinical significance that could improve the
survival rate and reduce complications in critically ill patients.

Terminology

Intestinal I/R injury is associated with severe trauma, acute necrotizing
pancreatitis, major surgery, extensive burns, and other stresses.HMGB1 is
one of the endogenous ligands which can be recognized by and combine with
TLR4, and is also the key factor of inflammation of aseptic injury. The MyD88dependent pathway is the downstream signaling pathway of TLR4-HMGB1 axis
in I/R injury and causes the release of various inflammatory factors, through
the activation of nuclear factor-κB.The TIR domain-containing adaptor inducing
IFN-β-dependent pathway is the other downstream signaling pathway of
TLR4-HMGB1 axis in I/R injury and mainly depends on the activation of IFN
regulatory factor 3, followed by the expression of IFN-β and IFN-induced genes
(such as IP-10) and the activation of transcription factors (NF-κB).
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downstream signaling pathways play important roles in the mouse intestinal I/R
injury. The results are interesting and suggest that interventions to prevent the
release of HMGB1 and to block the two downstream signaling pathways could
become a new clinical therapeutic method to reduce intestinal I/R injury in the
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Abstract

Institutional review board statement: In vivo experiments were
approved by the Shanghai Tongren Hospital affiliated to Shanghai
Jiao Tong University School of Medicine Ethics Committee.

AIM: To explore the effect of the histone deacetylase
inhibitor givinostat on proteins related to regulation of
hepatic stellate cell proliferation.

Institutional animal care and use committee statement: In
vivo experiments were approved by the Shanghai Tongren Hospital
affiliated to Shanghai Jiao Tong University School of Medicine
Institutional animal care and use committee.

METHODS: The cell counting kit-8 assay and flow
cytometry were used to observe changes in proliferation,
apoptosis, and cell cycle in hepatic stellate cells treated
with givinostat. Western blot was used to observe
expression changes in p21, p57, CDK4, CDK6, cyclinD1,
caspase-3, and caspase-9 in hepatic stellate cells
exposed to givinostat. The scratch assay was used to
analyze the effect of givinostat on cell migration. Effects
of givinostat on the reactive oxygen species profile,
mitochondrial membrane potential, and mitochondrial
permeability transition pore opening in JS-1 cells were
observed by laser confocal microscopy.

Conflict-of-interest statement: The authors declare no conflicts
of interest.
Data sharing statement: No additional unpublished data are
available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Givinostat significantly inhibited JS-1 cell
proliferation and promoted cell apoptosis, leading
to cell cycle arrest in G0/G1 phases. Treatment with
givinostat downregulated protein expression of CDK4,
CDK6, and cyclin D1, whereas expression of p21 and
p57 was significantly increased. The givinostat-induced
apoptosis of hepatic stellate cells was mainly mediated
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through p38 and extracellular signal-regulated kinase
1/2. Givinostat treatment increased intracellular reactive
oxygen species production, decreased mitochondrial
membrane potential, and promoted mitochondrial
permeability transition pore opening. Acetylation of
superoxide dismutase (acetyl K68) and nuclear factorκB p65 (acetyl K310) was upregulated, while there was
no change in protein expression. Moreover, the notable
beneficial effect of givinostat on liver fibrosis was also
confirmed in the mouse models.

injury can cause chronic inflammation, resulting in
replacement of liver parenchymal cells by scar tissue.
Moreover, long-term fibrotic reaction leads to endstage liver disease, cirrhosis, and hepatocellular
carcinoma. In fact, the incidence of hepatocellular
carcinoma has steadily increased worldwide. Thus,
in addition to management of the causes of disease,
inhibition of HSC activation and proliferation, as well
as induction of apoptosis, has been the mainstream
strategy for the treatment of liver fibrosis. HSC
activation after stimulation is recognized as a process
involving multiple cytokines and is coregulated by
[6,7]
various cell-signaling pathways at different levels .
Although no well-established medication or regimen
has been available for the treatment of liver fibrosis,
an increasing number of molecularly targeted drugs
[8]
have promising efficacy .
[9-11]
Recent studies
have shown that protein
acetylation plays an important role during HSC
activation; imbalanced histone acetylation due to
histone deacetylase (HDAC) overexpression is closely
associated with the occurrence and development of
[9]
[10]
liver fibrosis . The HDAC inhibitors trichostatin A
[9]
and valproic acid can prevent the transdifferentiation
of static HSCs into myofibroblasts and suppress
α-smooth muscle actin (SMA) and collagen Ⅰ gene
expression in vitro.
[12]
As a novel hydroxamate-derived HDAC inhibitor ,
givinostat (also known as ITF2357) is characterized
by its significant targeted anticancer activities
[13-15]
and low toxicity profiles
. Moreover, givinostat
has anti-inflammatory activity and can suppress
lipopolysaccharide (LPS)-induced cytokines such as
tumor necrosis factor-α, interleukin-1 and -6, and
[16-18]
interferon
. The phase Ⅱ clinical trials on the roles
of givinostat in treating juvenile idiopathic arthritis,
Hodgkin’s lymphoma, and polycythemia vera were
finished in 2002. In the current study, the antifibrotic
activities of givinostat were assessed both in vivo and
in vitro to understand the mechanism of liver fibrosis
and to provide new directions and evidence for novel
drug development.

CONCLUSION: Givinostat has antifibrotic activities
via regulating the acetylation of nuclear factor-κB and
superoxide dismutase 2, thus inhibiting hepatic stellate
cell proliferation and inducing apoptosis.
Key words: Givinostat; Hepatic stellate cells; Histone
deacetylase inhibitor; Nuclear factor-κB; Superoxide
dismutase
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is currently no effective therapeutic
treatment for liver fibrosis. Inhibition of hepatic
stellate cell activation and proliferation or induction of
apoptosis is the mainstream strategy for the treatment
of liver fibrosis. This study demonstrates that a histone
deacetylase inhibitor, givinostat, has antifibrotic
activities both in vivo and in vitro , which might be
achieved by regulating the acetylation of nuclear
factor-κB and superoxide dismutase, thus stimulating
oxidative stress, activating mitochondrial pathways,
inhibiting hepatic stellate cell proliferation, and inducing
apoptosis. These results may provide new directions
and evidence in the research and development of novel
drugs for liver fibrosis.
Wang YG, Xu L, Wang T, Wei J, Meng WY, Wang N, Shi
M. Givinostat inhibition of hepatic stellate cell proliferation
and protein acetylation. World J Gastroenterol 2015; 21(27):
8326-8339 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i27/8326.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8326

MATERIALS AND METHODS
Reagents

INTRODUCTION

The murine HSC line JS-1 was provided courtesy of
Xu Lieming from Shanghai University of Traditional
Chinese Medicine. Givinostat was purchased from
Selleck (Houston, TX, United States). The following
were purchased from Thermo Fisher Scientific
(Waltham, MA, United States): Ham’s F12 medium,
Dulbecco’s Modified Eagle’s medium (DMEM), trypsinEDTA solution, fetal bovine serum, and the Pierce BCA
Protein Assay Kit. The Cell Counting Kit-8 (CCK-8)
was purchased from Dojindo (Kumamoto, Japan).
JC-1 staining solution, 2′,7′-dichlorofluorescein
diacetate (DCFH-DA), calcein-AM, and CoCl2 were

Liver fibrosis is a major cause of morbidity and
mortality worldwide due to chronic viral hepatitis and,
more recently, from fatty liver disease associated with
[1]
obesity . Activation of hepatic stellate cells (HSCs) is
the central event in liver fibrosis and often serves as a
[1,2]
trigger .
HSCs are activated and transdifferentiated into
myofibroblasts in event of hepatic injury. The main
changes include proliferation, migration, and enhanced
contractility, as well as synthesis of large amounts
[3-5]
of cytokines and extracellular matrix . Persistent

WJG|www.wjgnet.com

8327

July 21, 2015|Volume 21|Issue 27|

Wang YG et al . Mechanisms of givinostat against liver fibrosis

Western blotting

obtained from Sigma-Aldrich (St. Louis, MO, United
States). The Annexin V-FITC Apoptosis Detection Kit
and FACSCalibur Flow Cytometer were purchased
from BD Pharmingen (San Diego, CA, United States),
and Amersham ECL plus Western Blotting Detection
System was purchased from GE (Little Chalfont, United
Kingdom. The confocal laser-scanning microscope
used was the FluoView FV1200 from Olympus (Tokyo,
Japan). Other reagents were from Abcam (Cambridge,
United Kingdom).

The JS-1 cells were inoculated in 100-mm culture
10
dishes containing complete medium (1 × 10 cells/
well). After 24 h, the cells in one dish were treated
with tryptic digestion and harvested as the 0-h
sample if normal cell growth was observed. The other
four dishes were incubated with complete medium
containing a final concentration of 250 nmol/L
givinostat. After the culture medium was replaced
by serum-free culture medium, the mixtures were
inoculated for 12 h using the above described method.
Two dishes were incubated with givinostat (final
concentration: 50-100 nmol/L), and the resultant
mixtures were incubated for 1 h before addition of LPS
(final concentration: 100 ng/mL). One of the other two
dishes was incubated with LPS (final concentration:
100 ng/mL), and the cells were harvested after 15
min. All preparations were subjected to Western
blotting. The preparation was incubated in a 37 ℃/5%
CO2 incubator for 48 h, treated with tryptic digestion to
harvest the cells, and then washed twice with PBS. The
mixture was centrifuged to remove the supernatant,
and the collected cells were placed on ice before lysis.
The proteins were quantified using the BCA method.
SDS-PAGE, membrane transfer, immunoreactions,
development, and gel electrophoresis image analysis
was performed for the target genes.

CCK-8 assay

After the JS-1 cell line was cultured in DMEM with 10%
fetal bovine serum for 24 h, 30 wells of JS-1 cells were
divided into two groups. In the first group, the culture
medium was replaced by complete medium with final
givinostat concentrations of 0 nmol/L, 125 nmol/L,
250 nmol/L, 500 nmol/L, and 1000 nmol/L. In the
second group, givinostat of relevant concentrations
was added concomitantly with 100 nmol/L of LPS
solution. Three replicates were performed for each
group. After inoculation at 37 ℃ and 5% CO2 for 24 h,
each well (100 µL) was incubated with 10 µL of CCK-8
solution. The plates were incubated at 37 ℃ for 1 h
and the absorbance was measured at 450 nm using a
microplate reader.

Detection of apoptosis and cell cycle by flow cytometry

Determination of the effect of givinostat on cell
migration by scratch assay

The JS-1 cells were inoculated in 10 mL complete
6
medium in three 100-mm culture dishes (1 × 10
cells/well). After incubation for 24 h, the medium was
changed to complete medium with final concentrations
of 0 nmol/L, 125 nmol/L, and 250 nmol/L givinostat if
normal cell growth was observed. Following incubation
for another 48 h, the cells were harvested and treated
thoroughly with the appropriate amount of tryptic
digestion to afford a single-cell suspension. Then, 1 ×
5
10 resuspended cells were collected and centrifuged at
1000 rpm for 5 min. The supernatant was discarded.
The residue was resuspended with 100 µL Annexin
V binding buffer, and then transferred into a 5-mL
culture tube. Then, 5 µL Annexin V-FITC and propidium
iodide (PI) was added, and the mixture was incubated
at 20 ℃-25 ℃ in darkness for 15 min. Next, 400 µL
of Annexin V binding buffer was added immediately
before flow cytometry. The Annexin V-FITC showed
green fluorescence, while PI showed red fluorescence.
Flow cytometry with 488-nm laser excitation was used.
The FITC fluorescein was detected using a 515-nm
long-pass filter, and the PI fluorescein was detected
using a filter at a wavelength > 560 nm. Moreover,
after treatment with 1 mL of prechilled 70% ethanol
for cell immobilization, the cell pellet was washed and
centrifuged twice in 0.5 mL PBS containing 50 µg/mL
PI. The cells were resuspended with 100 µg/mL RNase
A, and then inoculated in the dark at 37 ℃ for 30 min
before the flow cytometer was used to determine the
cell cycles.
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JS-1 cells were inoculated on a 12-well plate (2 ×
5
10 cells/well) and then incubated in a 37 ℃/5%
CO2 incubator. After incubation for 24 h, if the cell
morphology was normal, a single-cell suspension was
prepared and scratches were made using the tip of
a 200-µL pipette tip. Complete medium containing
serum was replaced by serum-free DMEM. The cells
were pretreated with 100 nmol/L givinostat for 2 h,
and LPS solution (100 ng/mL) was added for the cell
migration assay. The preparation was incubated for
another 24 h before analysis.

Laser confocal microscopy

Detection of reactive oxygen species (ROS)
using fluorescent probe DCFH-DA: JS-1 cells
were inoculated in two 20-mm Falcon confocal dishes
containing 2 mL of relevant complete medium (5 ×
3
10 cells/dish). After 24 h, if normal cell growth was
observed, the medium was removed and 1 mL of
diluted DCFH-DA was added. The preparation was
incubated in a 37 ℃ incubator for 15 min and washed
three times with serum-free medium. Then, 2 mL of
complete medium containing givinostat (0 nmol/L or
500 nmol/L final concentration) was added to these
two dishes, which were then incubated in a 37 ℃
/5% CO2 incubator for 30 min. Under an excitation
wavelength of 488 nm and an emission wavelength of
525 nm, the fluorescence intensity of the two dishes

8328

July 21, 2015|Volume 21|Issue 27|

Wang YG et al . Mechanisms of givinostat against liver fibrosis
was determined at time intervals of 0 min, 10 min, 20
min, and 30 min using a laser confocal microscope.

and six of olive oil (at a dose of 3 mL/kg CCl4), and
givinostat (5 mg/kg) was administered by gavage (0.1
mL) on the next day until week 5, when the mice were
sacrificed to harvest liver tissues.
For liver histopathologic examination, the liver
tissues were fixed in formalin, embedded in paraffin,
and thin sections were stained with the Masson’
s Trichrome Stain Kit. Damage to liver cells and
deposition of collagen fibers were observed under a
light microscope. Collagen fibers, muscle fibers, and
red blood cells were stained green, red and orange,
respectively. In vivo experiments were approved by the
Shanghai Tongren Hospital affiliated to Shanghai Jiao
Tong University School of Medicine Ethics Committee.

Detection of mitochondrial membrane potential
using the JC-1 method: Reference ROS were
prepared before the assay. Then, 2 mL of complete
medium containing givinostat (final concentrations:
0 nmol/L, 250 nmol/L, 500 nmol/L, or 1000 nmol/L)
was added to each of the four dishes. The mixture
was incubated for another 2 h, washed, 1 mL of JC-1
staining solution (final concentration: 2 µg/mL) was
added, and the mixture was incubated at 37 ℃ for 20
min. The supernatant was discarded and the residue
was washed twice. After 2 mL of DMEM complete
medium was added, red and green fluorescence
was detected through the Cy3 and FITC channels,
respectively, and photographed within 20 min using a
laser confocal microscope.

Statistical analysis

The data were analyzed with SPSS version 13.0
statistical software (SPSS Inc., Chicago, IL, United
States), and expressed as mean ± SD. Multiple groups
were analyzed with one-way analysis of variance,
pairwise comparison was conducted using a least
significant difference t-test, and different groups were
compared using a t-test. P < 0.05 was considered
statistically significant.

Detection of mitochondrial permeability
transition pore (mPTP) opening by coloading
with calcein-AM and CoCl2: Reference ROS were
prepared before the assay. After the cells were washed
with serum-free DMEM medium once, 1 mL of serumfree DMEM staining solution containing calceinAM (final concentration: 1 µmol/L) and CoCl2 (final
concentration: 5 mmol/L) was added before incubation
at 37 ℃ for 15 min. The supernatant was discarded
and the residue was washed twice. Two dishes were
incubated with 2 mL of CoCl2 (final concentration: 5
mmol/L), followed by complete medium containing
0 nmol/or 500 L givinostat. The green fluorescence
was examined using the FITC channel using a laser
confocal microscope. The fluorescence intensities of
two dishes were determined at 0 min, 10 min, 20 min,
and 30 min. The fluorescence intensity of the regions
of interest randomly selected from multiple intracellular
mitochondria were analyzed by Image J to quantitate
any mPTP opening events.

RESULTS
Suppressive effects of givinostat on proliferation and
migration of JS-1 cells

As shown by the CCK-8 assay, givinostat inhibited JS-1
cell proliferation in a concentration-dependent manner.
The cell suppression rates markedly differed after
treatment with givinostat at different concentrations
(ranging from 0 nmol/L to 1000 nmol/L) (Figure 1A).
Treatment with givinostat ≥ 500 nmol/L was associated
with significant inhibition of JS-1 cell proliferation (P <
0.01). Also, the cell inhibition rate significantly differed
between the group cotreated with givinostat ≥ 250
nmol/L plus LPS and the group without LPS treatment
(same givinostat concentration) (P < 0.05). As
demonstrated by scratch assay (Figure 1B), the area
of cell migration was significantly reduced in JS-1 cells
cotreated with givinostat plus LPS in comparison to the
controls (P < 0.05), suggesting givinostat treatment
markedly decreased LPS-activated JS-1 cell migration.
Western blotting showed that the protein expression of
α-SMA, transforming growth factor β 1, and vascular
endothelial growth factor in JS-1 cells significantly
decreased 24 h and 48 h after givinostat treatment (all
P < 0.05) (Figure 1C).

Establishment of animal models

Fifty 5-wk-old specific-pathogen-free Balb/C male
mice weighing 20 ± 5 g were supplied by Shanghai
Experimental Animal Center, Chinese Academy of
Sciences [License No.: SCXK (Shanghai) 2012-0005].
They were randomly divided into three groups: control
group (n = 10), liver fibrosis group (n = 20), and
givinostat treatment group (n = 20). In the control
group, mice were fed a normal diet and administered
saline (i.p., amounts equivalent to other groups) every
3 d. In the liver fibrosis group, mice were fed a highfat diet containing 0.5% cholesterol and received i.p.
administration of the working solution prepared from
four portions of CCl4 and six of olive oil and sacrificed
to harvest the liver tissues. In the givinostat treatment
group, mice were fed a high-fat diet containing 0.5%
cholesterol and received ip administration of the
working solution prepared from four portions of CCl4
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Effects of givinostat on apoptosis and cell cycle of JS-1
cells

In the bivariate scatter plots of flow cytometry, after
treatment with givinostat (concentration gradient: 0
nmol/L, 125 nmol/L, and 250 nmol/L), the numbers of
apoptotic and necrotic JS-1 cells markedly increased,
suggesting givinostat induced JS-1 cell apoptosis
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Figure 1 Effects of givinostat in suppressing proliferation and migration of JS-1 cells. A: Givinostat inhibits JS-1 cell proliferation in a concentration-dependent
manner. The cell inhibition rate significantly differed between the group cotreated with givinostat ≥ 250 nmol/L plus lipopolysaccharide (LPS) and the group without
LPS treatment (same givinostat concentration) (P < 0.05); B: The cell migration area significantly decreased in the group cotreated with givinostat plus LPS (P < 0.05); C:
Compared with the control group, treatment with givinostat for 24 h or 48 h significantly suppressed expression of a-smooth muscle actin (SMA), transforming growth
factor (TGF)-b1 and Vascular endothelial growth factor (VEGF). aP < 0.05, bP < 0.01 vs control group.

Changes in histone acetylation and regulation of LPSactivated mitogen-activated protein kinase signaling in
givinostat-treated JS-1 cells

in a concentration-dependent manner (Figure 2A).
According to the cell cycle plot of flow cytometry,
the JS-1 cells were arrested at the G0/G1 phase
after givinostat treatment (Figure 2A). Western
blotting showed that prolonged givinostat treatment
was significantly associated with decreased protein
expression of cyclin-dependent kinase (CDK)4, CDK 6,
and cyclin D1, and with increased expression of p21
and p57 (compared with the untreated group) (all P
< 0.05) (Figure 2B). As shown by Western blotting,
givinostat activated caspase-3 and caspase-9 in JS-1
cells in a concentration-dependent manner (Figure
2C), without causing any changes in the precursors of
these two proteins.

The effects of givinostat on the post-translational
modifications of superoxide dismutase (SOD)2, p53,
nuclear factor (NF)-κB, and p65 were analyzed by
Western blotting (Figure 4A), which showed that
SOD2 (acetyl K68) acetylation was upregulated, while
the expression profile of SOD2 protein showed no
significant change. Acetylation of NF-κB p65 (acetyl
K310) was upregulated, while its protein expression
showed no significant change. There were no obvious
changes in the expression profiles of p53, p53 (acetyl
K382), and p53 (acetyl K120).
Change in the mitogen-activated protein kinase
(MAPK) signaling-pathway-related protein expression
was examined after givinostat treatment of LPSactivated JS-1 cells, which showed that expression
of extracellular signal-regulated kinase (ERK)1/2,
phosphorylated ERK1/2, p38, and phosphorylated
p38 increased following LPS activation; givinostat
suppressed LPS-induced upregulation of ERK1/2 and
phosphorylated p38 in a time-dependent manner, but
showed no effect on the expression of C-Jun N-terminal
kinase (JNK)1/2 and phosphorylated JNK1/2 (Figure
4B).

Effects of givinostat on the ROS profile, mitochondrial
membrane potential, and mPTP opening in JS-1 cells

The effects of givinostat treatment on the ROS
profile of JS-1 cells were examined using laser
confocal microscopy (Figure 3A). As shown by the
green fluorescence that represented intracellular
ROS, givinostat treatment markedly increased ROS
production. Changes in mitochondrial membrane
potential were examined using JC-1 as the fluorescent
probe and laser confocal microscopy (Figure 3B),
with green and red fluorescence denoting low and
high membrane potentials, respectively. It was found
that givinostat treatment induced a concentrationdependent decrease in mitochondrial membrane
potential. The mPTP opening was detected by
coloading with calcein-AM and CoCl2 (Figure 3C).
The mitochondria of normal JS-1 cells had intense
green fluorescence, with a granular appearance. In
the givinostat treatment group, however, there was
considerable mPTP opening, along with decreased
intensity of fluorescence in comparison to that of the
control group.
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Pathologic changes of liver tissue in mouse models of
liver fibrosis induced by givinostat treatment

The hepatic lobules of healthy mice were clear in struc
ture, with only a small amount of collagen deposited
in the portal area. In the mouse models of liver
fibrosis induced by CCl4 treatment, however, liver cell
degeneration was concomitant with a large amount of
collagen deposition in the portal area. Some of them
exhibited fiber spacing, with visible pseudolobules. In
contrast, the givinostat treatment group had markedly
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Figure 2 Effects of givinostat on apoptosis and cell cycle of JS-1 cells. A: Flow cytometry shows that the givinostat treatment induces JS-1 cell apoptosis in a
concentration-dependent manner. The numbers of apoptotic and necrotic cells progressively increased when the concentration of givinostat increased; B: Givinostat
arrested the JS-1 cells at G0/G1 phase; C: Givinostat activated caspase-3 and caspase-9 in JS-1 cells without causing changes in the precursors of these two
proteins. aP < 0.05, bP < 0.01 vs the control group.

less collagen deposition and improved fibrosis.
Collagen area percent was significantly reduced in
givinostat group compared to the model group (p <
0.01) (Figure 5).

mouse models.
Further study on the G0/G1 arrest suggested
that such an effect was achieved by regulating
the expression of some cell-cycle-related proteins.
Givinostat downregulated protein expression of CDK4,
CDK6, and cyclin D1, whereas expression of p21
and p57 was significantly increased. These findings
are consistent with the results of previous HDAC[19-22]
inhibitor-related studies
. For the induction of
mouse HSC apoptosis, givinostat activates caspase-3
and caspase-9 in JS-1 cells, which is consistent with
[23-25]
previous studies
. As suggested by laser confocal
microscopy in the current study, givinostat treatment
increased intracellular ROS production, decreased
mitochondrial membrane potential, and promoted
mPTP opening. Moreover, mPTP opening promotes the
uncoupling between mitochondrial electron transport
chain and oxidative phosphorylation, decreases
membrane potential, reduces ATP production and

DISCUSSION
As demonstrated in the current study, givinostat, an
HDAC inhibitor, has marked antifibrotic activity. In the
in vitro experiment, givinostat markedly suppressed
proliferation of HSCs (JS-1 cell line), and such an
inhibitory effect was even more obvious among LPSactivated HSCs. Givinostat induced apoptosis of mouse
HSCs and arrested these cells at G0/G1 phase. The
protein expression profiles of α-SMA, transforming
growth factor β 1, and vascular endothelial growth
factor in HSCs significantly decreased after givinostat
treatment. Moreover, the notable beneficial effect of
givinostat on liver fibrosis was also confirmed in the
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Figure 3 Effects of givinostat on the reactive oxygen species profile, mitochondrial membrane potential, and mitochondrial permeability transition
pore opening in JS-1 cells. A: Effects of givinostat on reactive oxygen species (ROS) in JS-1 cells were determined by 2’,7’-dichlorofluorescein diacetate. Green
fluorescence represents the intracellular ROS. Givinostat significantly increased ROS production, in particular at 30 min (P < 0.01); B: Mitochondrial membrane
potential was detected using the fluorescent probe JC-1. The green and red fluorescence represented the low and high membrane potentials, respectively. Givinostat
reduced mitochondrial membrane potential in a concentration-dependent manner, particularly at 1000 nmol/L (P < 0.01); C: The mitochondrial permeability transition
pore (mPTP) opening was detected by coloading with calcein-AM and CoCl2. In the givinostat treatment group, considerable mPTP opening was observed, along with
decreased intensity of fluorescence in comparison to that of the control group.
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Figure 4 Changes in histone acetylation and regulation of lipopolysaccharide-activated mitogen-activated protein kinase signaling in givinostat-treated
JS-1 cells. A: Effects of givinostat on the post-translational modifications of superoxide dismutase (SOD)2, p53, nuclear factor (NF)-kB, and p65 were analyzed by
Western blotting. SOD2 (acetyl K68) acetylation was upregulated, while the expression profile of SOD2 protein showed no significant change. The ratios show a
significant difference when compared with those in the control group, in particular at 24 h. Similarly, acetylation of NF-kB p65 (acetyl K310) was upregulated, while
its protein expression showed no significant change. There were no obvious changes in the expression profiles of p53, p53 (acetyl K382), and p53 (acetyl K120);
B: Expression of extracellular signal-regulated kinase (ERK)1/2, phosphorylated ERK1/2, p38, and phosphorylated p38 was upregulated after lipopolysaccharide
(LPS) treatment; in contrast, givinostat inhibited the upregulated expression of phosphorylated ERK1/2 and phosphorylated P38 induced by LPS in a time-dependent
manner, while no obvious effect on c-Jun N-terminal kinase (JNK)1/2 and phosphorylated JNK1/2 was found.

glutathione, and increases intracellular ROS. As a
result, the mitochondrial matrix becomes swollen,
along with a decrease in its outer membrane folds and
surface area; thus, the mitochondria become fragile
and susceptible to rupture, causing the release of
proapoptotic proteins from the intermembrane spaces.
Ultimately, apoptosis occurs.
As a signaling molecule, ROS is involved in the
regulation of multiple cellular functions such as cell
growth, differentiation, apoptosis, and immune
[26]
responses . ROS has both positive and negative
effects on cell survival and apoptosis. ROS can exert an
antiapoptotic effect by activating NF-κB or Akt/activation
[27,28]
of apoptosis signal-regulating kinase
. However, it
[29]
is also a key link in the apoptosis process . ROS can
induce apoptosis through multiple mechanisms. For
instance, they can cause damage to DNA, lipids and
proteins, or they can regulate apoptosis via the redoxinsensitive MAPK pathways including JNK, p38, and
[30]
ERK1/2 . In the current study, the givinostat-induced
HSC apoptosis was mainly mediated through p38 and
ERK1/2 rather than JNK.
The mitochondrial respiratory chain is a key site
responsible for the production of free radicals. As a SOD
in mitochondria, SOD2 is a key enzyme responsible
for eliminating mitochondrial superoxide anions in the
[31]
mitochondria . Approximately 90% of intracellular
ROS can be explained by the electron leakage that
occurs in the mitochondrial electron transport chain,
while SIRT3-induced deacetylation of SOD2 can
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eliminate most of the intracellular ROS. Apoptosis
induced by mitochondrial damage may be associated
with a decrease in oxygen radical scavenging
[32,33]
capacity
. SIRT3 deacetylates two critical lysine
residues on SOD2 and promotes its antioxidative
[34,35]
activity
. In our current study, however, upregulation
of SOD2 (acetyl K68) acetylation induced by givinostat
might be one of the key mechanisms responsible for
the decrease in oxygen radical scavenging capacity.
Many studies have found that the NF-κB activity is
[36,37]
correlated with liver fibrosis
. Suppression of NF-κB
binding affinity or blockade of NF-κB stimulation may
induce HSC apoptosis, thus alleviating the liver fibrosis
caused by multiple etiologies; therefore, the NF-κB
pathway may be a useful way for drugs to exert their
efficacy in fighting against injuries or fibrosis. In the
nucleus, the inactivated or activated status of NF-κB
is determined by its acetylation. By regulating histone
acetylation, the HDAC controls a series of intranuclear
[38]
biologic processes induced by NF-κB. Kuo et al
have reported that acetylation and deacetylation of
histones are closely correlated to regulation of gene
transcription in eukaryotic cells. A study on synovial
fibroblasts found that HDAC inhibitors block the
[39]
activation of NF-κB p65 and thus induce apoptosis .
Similarly, in the current study, givinostat treatment
upregulated NF-κB p65 (acetyl K310) acetylation but
showed no obvious effect on protein expression of NFκB p65.
In summary, as an HDAC inhibitor, givinostat has
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0
Control group

Model group

Givinostat group

Figure 5 Pathologic changes of liver tissue in mouse models of liver fibrosis induced by CCl4 treatment. Control group: The hepatic lobules had integrated
structures, with only a small number of stained collagen fibers in the portal area. There was no obvious collagen deposition, and no degeneration, necrosis, or
inflammatory cell infiltration. Model group: The normal hepatic lobules were damaged, along with the markedly increased collagen in liver tissue. The collagen fibers
extended along the portal area or outwards to the inflammatory necrosis area, forming fiber spacing with varied thickness. Pseudolobules were visible. Givinostat
group: compared with the model group, the structure of liver tissue was markedly improved, along with the obviously decreased collagen deposition. Collagen area
percent was significantly reduced in givinostat group compared to the model group (P = 0.005).

κB and SOD2, stimulating oxidative stress, activating
mitochondrial pathways, inhibiting proliferation of

antifibrotic activities both in vivo and in vitro, which
might be achieved by regulating the acetylation of NF-
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mouse HSCs (JS-1 cell line), and inducing apoptosis.
The current study may provide new directions and
evidence in the research and development of novel
drugs for liver fibrosis.
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Abstract
AIM: To investigate the effects of Clostridium butyricum
(C. butyricum ) on experimental gastric ulcers (GUs)
induced by alcohol, restraint cold stress, or pyloric
ligation in mice, respectively.

Institutional animal care and use committee statement: All
the animal procedures carried out in the present study were in
accordance with the guidelines of the Animal Ethics Committee
of Wenzhou Medical University.

METHODS: One hundred and twenty mice were
randomly allocated into three types of gastric ulcer
models (n = 40 each), induced by alcohol, restraint
cold stress, or pyloric ligation. In each GU model, 40
mice were allocated into four groups (n = 10 each): the
sham control group; model group (GU induction without
pretreatment); C. butyricum group (GU induction with
C. butyricum pretreatment); and Omeprazole group
(GU induction with Omeprazole pretreatment). The
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effects of C. butyricum were evaluated by examining
the histological changes in the gastric mucosal erosion
area, the activities of superoxide dismutase (SOD) and
catalase (CAT), the level of malondialdehyde (MDA),
and the contents of interleukin (IL)-1b, tumor necrosis
factor (TNF)-α, leukotriene B4 (LTB4) and 6-keto-PGF-1α
(degradation product of PGI2) in the gastric tissue.

[3]

lation in the world suffers from this disease , its
severity is often not recognized, possibly because
of its quick clinical recovery if timely treatment is
started. Despite considerable progress with extensive
application of gastroprotective agents, such as protonpump inhibitor (PPI) and eradication therapy for H.
pylori, some issues remain in the current therapy of
GU. First, drug resistance of H. pylori may require
[3]
changes in the treatment regimens . Furthermore,
[4,5]
antibiotics administered orally alter intestinal flora
and may cause drug resistance in some bacteria,
leading to unexpected difficulties in the treatment of
a variety infectious diseases. Second, the recurrence
[6]
rate of GU is high with current therapies . While the
causes for GU relapses are complicated, infection by
[5,7]
H. pylori may be an important contributor . The
weakened defensive barrier may also be a key factor
[6]
contributing to recurrence . However, only a few drugs
are available that promote the repair of gastric mucosa.
Third, knowledge of adverse effects of current drugs
[8]
used to treat ulcers is accumulating . For example,
extended use of PPIs appears to cause an increased
[9,10]
[11,12]
risk of fractures
, hepatitis
and bacterial
[13,14]
pneumonia
. Therefore, it is necessary to explore
new therapies to prevent and treat GU.
Clostridium butyricum (C. butyricum) has been used
as a probiotic to treat and prevent non-antimicrobial[15,16]
induced or antimicrobial-associated diarrhea
. Its in
vivo inhibition on H. pylori was reported by Takahashi
[17]
et al . The direct protective effects of C. butyricum on
GU, however, are not clear.
This study was designed to test the hypothesis
that pretreatment with C. butyricum could prevent
lesions in the gastric mucosa. Clinical GU cases are
often induced by alcohol overuse, stress, and excess
of gastric acid and pepsin; therefore, we developed
and used three GU models in mice induced by alcohol,
cold stress or pylorus ligation, in this study. In each
model, the pretreatment effects were evaluated by
comparisons with no pretreatment and standard
pretreatment with Omeprazole.

RESULTS: Our data showed that C. butyricum signi
ficantly reduced the gastric mucosal injury area and
ameliorated the pathological conditions of the gastric
mucosa. C. butyricum not only minimized the decreases
in activity of SOD and CAT, but also reduced the level
of MDA in all three GU models used in this study. The
accumulation of IL1-β, TNF-α and LBT 4 decreased,
while 6-keto-PGF-1α increased with pretreatment by C.
butyricum in all three GU models.
CONCLUSION: Our data demonstrated the protective
effects of pretreatment with C. butyricum on antioxidation and anti-inflammation in different types of
GU models in mice. Further studies are needed to
explore its potential clinical benefits.
Key words: Inflammation; Probiotics; Oxidative stress;

Clostridium butyricum ; Gastric ulcer

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

Core tip: In this study, we reported that the probiotic

Clostridium butyricum (C. butyricum ) pretreatment

obviously attenuated gastric mucosal lesions induced
by different stimulations. The oxidative stress- and
inflammation-related parameters detected in this study
showed that anti-oxidation and anti-inflammation parti
cipate in the underlying mechanism of C. butyricum
protective effect on gastric mucosa. Our findings provide
a potential protective method for the gastric mucosa
and a novel application for C. butyricum in the clinic.
Wang FY, Liu JM, Luo HH, Liu AH, Jiang Y. Potential protective
effects of Clostridium butyricum on experimental gastric ulcers in
mice. World J Gastroenterol 2015; 21(27): 8340-8351 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i27/8340.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i27.8340

MATERIALS AND METHODS
Drugs and chemicals

C. butyricum was purchased from Miyarisan Phar
maceutical Co., Ltd (Nagano, Japan). Trypticasephytone-yeast extract (TPY) liquid culture medium
(Table 1) was obtained from Hope Bio-Technology
Co., Ltd (Qingdao, China). Omeprazole was from
Aosaikang Pharmaceutical Co., Ltd (Jiangsu, China).
Detection kits for superoxide dismutase (SOD) and
catalase (CAT) were purchased from Jiancheng
Bioengineering Institute (Nanjing, China). The kits for
malondialdehyde (MDA) detection and bicinchoninic
acid (BCA) protein assay were bought from Beyotime
Institute of Biotechnology (Shanghai, China). Enzymelinked immunosorbent assay (ELISA) kits for IL-1β,
TNF-α, leukotriene B4 (LTB4) and 6-keto-PGF-1α were

INTRODUCTION
The stomach is an important organ for food digestion.
In some cases, however, its digestive function may
become too aggressive, resulting in self-digestion and
[1]
gastric ulcers (GU) . GU is commonly caused by an
exposure to excessive amounts of various endogenous
or exogenous factors, including excess secretion of
gastric acids and pepsin, reactive oxygen species
(ROS), stress, alcohol, non-steroidal anti-inflammatory
drugs (NSAIDs), Helicobacter pylori (H. pylori) infection
[2]
and smoking . Although an estimated 10% of popu
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were allocated into four groups (n = 10 each): sham
control group; GU model group (GU induction without
pretreatment); C. butyricum group (GU induction with
C. butyricum pretreatment); and Omeprazole group
(GU induction with Omeprazole pretreatment). The
sham control group animals received only the culture
medium, and the GU group animals received the culture
medium and alcohol administration, restraint cold stress
or pylorus ligation, without any pretreatment.
In the C. butyricum group, the animals received C.
butyricum pretreatment before GU model preparation.
C. butyricum was cultured with TPY liquid culture
medium in an anaerobic incubator. Ten hours later,
C. butyricum at the logarithmic phase was used for
intragastric administration of mice in C. butyricum group
8
(dose = 5 × 10 CFU/mouse) for 5 d via an orogastric
tube.
In the Omeprazole group, the animals were intra
peritoneally administered with Omeprazole (13 mg/kg
bw), 30 min before replication of GU models. The
mice were sacrificed by cervical dislocation followed
by isolation of the stomach from surrounding organs
without any substantial connective tissues or vessels.
The gastric specimens were used for lesion assessment,
pathological observation and determination of para
meters of oxidative stress and inflammation. This
study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health.
The protocol was approved by Laboratory Animal Ethics
Committee of Wenzhou Medical University (Permit
number: wydw2012-0109). All surgery was performed
under sodium pentobarbital anesthesia, and all efforts
were made to minimize suffering.

Table 1 Trypticase-phytone-yeast extract liquid culture
medium composition
Components
Casein hydrolysate
Soya bean peptone
Yeast powder
Glucose
L-Cysteine
K2HPO4
MgCl2
ZnSO4
CaCl2
FeCl3
Tween-80
pH

Weight (g/L)
1.0
5.0
2.0
5.0
0.5
2.0
0.5
0.25
0.15
0.000001
1.0
6.5 ± 0.1

obtained from Westang Bio-tech Co., Ltd (Shanghai,
China).

Animals and GU models

Male Institute for Cancer Research (ICR) mice, weighing
25-30 g, were provided by the Experimental Animal
Center of Wenzhou Medical University (Wenzhou,
China). All the animal procedures carried out in the
present study were in accordance with the guidelines
of the Animal Ethics Committee of Wenzhou Medical
University.
Animals were given free access to tap water and
food in air-conditioned animal quarters under a 12
h light-12 h dark cycle. 120 mice were randomly
allocated into three types of gastric ulcer models (n =
40 each), induced by alcohol, restraint cold stress or
pyloric ligation. All the models are classical and stable
for the study of molecular mechanisms and screening
[18-20]
of therapeutic or preventive drugs of GU
.
Following the indicated pretreatments (see next
paragraph), in the alcohol-induced GU model, mice
were orally administered with pure alcohol 0.01 mL/g
body weight (bw) and sacrificed by cervical dislocation
1 h later before the stomach tissues were collected for
[18]
analysis .
In the cold-restraint stress-induced GU model, mice
were lightly anesthetized by pentobarbital anesthesia
(30 mg/kg bw, intraperitoneally) and fixed solidly to
immobilization the mice. The bodies of mice under
xiphoid were subjected to cold water (21 ℃) for 20 h
[19]
to induce a cold stress .
[20]
In the pylorus ligation-induced GU model , the
abdomen of mouse was opened under light anesthesia
with pentobarbital and the stomach was taken out
under sterile conditions. The pyloric end was then
isolated and ligated, followed by suture of the abdominal
wall. The animals were sacrificed after the ligation for
20 h.

Quantification of gastric hemorrhagic ulcer area and
histological study

The stomachs of mice were fixed by injection of 1 mL
10% formalin solution, and digital images were taken by
photo scanning. The ratio of gastric hemorrhagic ulcer
area and total gastric area was calculated by the ImagePro Plus (IPP) 6.0 software from Media Cybernetics
(Bethesda, CA, United States). The specimens were
embedded in paraffin, sectioned and stained with
hematoxylin and eosin (HE). Pathological changes were
identified under a Nikon Eclipse SOi light microscope
(Nikon Co., Japan).

Preparation of tissue samples

The stomachs of mice were washed mildly to remove
food debris and then weighed using an electronic
balance. Ice-cold normal saline with a volume corres
ponding to 9 × the tissue weight was added. As
extensive lesions of the gastric mucosa existed in the
acute GU models, the whole stomach was homogenized
with a Potter-Elvehjem glass homogenizers, and
centrifuged at 2400 × g for 15 min. The supernatant

Animal pretreatments

In each GU model and before induction, 40 mice
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Sham

C. butyricum
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Cold stress
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A

Figure 1 Macroscopic morphology of the gastric mucosa following alcohol or cold stress treatments. The gross morphology of gastric mucosa was observed
in gastric ulcer (GU) mice challenged with alcohol (A-D) or cold stress (E-H). In alcohol or cold stress-induced GU model, 40 mice were evenly divided into Sham
control group (A, E), Model group (without pretreatment) (B, F), Clostridium butyricum (C. butyricum) pretreatment group (C, G) and omeprazole pretreatment group (D,
H), respectively.

was collected for the assays of SOD, CAT and MDA.

and 100 μL of biotin conjugate was added to the
plate, followed by an incubation of 45 min at room
temperature. After washing to remove the non-specific
binding, 100 μL of streptavidin-HRP was added and
incubated for 45 min. Then the plate was washed with
PBST and 100 μL of Chromogen was added to each
well. Twenty minutes later, the reaction was stopped
with stop solution. The absorbance was measured
at 450 nm using an ELx800 absorbance microplate
reader (BioTek Instruments). The levels of IL-1b,
TNF-α, LTB4 and 6-keto-PGF-1α were calculated using
standard curves, according to the instructions from the
manufacturer.

Measurement of SOD activity

The activity of total SOD of gastric tissue was measured
from gastric homogenate by the method of xanthine
[21]
oxidase , with absorbance at 550 nm using a 722N
spectrophotometer from the Scientific Instrument Co.,
Ltd (Shanghai, China). The activity of SOD in per mg of
tissue protein was calculated according to the formula
supplied by the manufacturer.

Determination of CAT activity

The activity of CAT was determined at 405 nm with a
722N spectrophotometer from the Scientific Instrument
Co., Ltd (Shanghai, China), through the ammonium
[22]
molybdate colorimetric method , according to the
formula provided by the manufacturer.

Protein assay of stomach samples

The protein contents of stomach samples were detected
by the bicinchoninic acid assay (BCA) method. The
absorbance at 562 nm was detected by BioTek ELx800
Absorbance Microplate Reader (BioTek Instruments)
according to the manufacturer’s instruction. The protein
concentration of the samples was calculated using a
protein standard curve, and used to normalize the
parameters of oxidative stress or inflammation in the
stomach tissue.

Measurement of MDA

Lipid peroxidation in stomach samples was determined
by measuring thiobarbituric acid reactive substances,
[23]
as described by Ohkawa et al . The absorbance at
532 nm was measured with an ELx800 absorbance
microplate reader (BioTek Instruments, Inc., Winooski,
VT, United States). The concentration of thiobarbituric
acid reactive substances was measured using a
standard curve of malondialdehyde, and the results
were expressed as μmol MDA /g protein.

Statistical analysis

All values were expressed as the mean ± SD. Statistical
differences were evaluated by Fisher’s Least Significant
Difference (LSD) test followed by a Dunnett’s T3
multiple comparison test. A P value less than 0.05 was
considered statistically significant.

Detection of IL-1b , TNF-α , LTB4 and 6-keto-PGF-1α

IL-1b, TNF-α, LTB4 and 6-keto-PGF-1α of the gastric
tissue were quantitated by the ELISA method. Briefly,
100 μL of homogenate was added to a 96-well
plate that was coated with a corresponding primary
antibody, and incubated for 3 h. The plate was washed
twice with Phosphate Buffered Saline Tween-20 (PBST)
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RESULTS
Histopathological observations

The effects of pretreatment with C. butyricum were
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with C. butyricum alleviated the pathological changes
(Figure 3C, 3G and 3K), with comparable results to
pretreatment with Omeprazole (Figure 3D, 3H and 3L).
All the results were consistent with the macroscopical
changes described above.

100
Ulcer model
80

C. butyricum

Ulcer area (%)

Omeprazole
60

Oxidative stress in the gastric mucosa from GU mice

a

40
a

Oxidative stress is a main contributor to the develo
[24]
pment of gastric mucosa lesions . Figure 4 shows
the changes in the activities of SOD and CAT, and the
content of MDA, in gastric tissues, which were used
to evaluate the extent of oxidative stress. The data
showed that in all three GU models, the activities of
SOD and CAT decreased and the level of MDA increased
(P < 0.01). Pretreatment with C. butyricum attenuated
those changes (Figure 4, P < 0.01), indicating that
pretreatment with C. butyricum reduced oxidative stress
in GU mice. With pretreatment of Omeprazole, changes
in the oxidative parameters were similar to those from
pretreatment of C. butyricum, although the activity of
SOD in C. butyricum group was higher than that of the
Omeprazole group in the pylorus ligation model (P <
0.01, Figure 4G).

a

a

20

0

Alcohol

Cold stress

Figure 2 Effects of Clostridium butyricum on the area of gastric ulcers
induced by alcohol or cold stress. Gastric ulcer (GU) models were induced
by alcohol and cold stress, and the gastric ulcer area was measured for the
comparison among different groups, i.e., Model group (without pretreatment), C.
butyricum pretreatment group and Omeprazole pretreatment group. The data
were expressed as mean ± SD (n = 4). aP < 0.01 vs Model group.

compared macroscopically to non-treated (Model group)
and those pretreated with Omeprazole (Omeprazole
group) (Figure 1). Quantitative comparisons of the gross
morphology (Figure 1) were determined using the ratio
of hemorrhagic area to total gastric area by the IPP 6.0
software (Figure 2). Alcohol overuse induced substantial
gastric mucosal lesions, including many hemorrhagic
injuries along the vessels of gastric mucosa. In some
mice, shrinkage of the gastric wall was also observed.
Restraint cold stress, also caused severe pathological
changes within a larger hemorrhagic area, with a dark
red appearance and excessive shrinkage. Pretreatment
with C. butyricum pretreatment significantly reduced
gastric lesions in both alcohol and cold induced GU
models (Figure 2, P < 0.01), with a comparable
protective effect to Omeprazole, a standard treatment
drug (Figure 2). The pylorus ligation model was not
included in the comparison because the mucosal lesions
were diffused in the group, which made it difficult to
evaluate extent of injury and the effects of pretreatment.
To further examine the morphological lesions, we
performed the conventional HE staining. Histological
examination showed that the epithelial lining was
intact, and the glandular cavity was clear and without
any inflammatory cell infiltration in the gastric mucosa
in sham control mice (Figure 3A, 3E and 3I). In the
three GU models without pretreatments, marked
histological changes were observed, including infiltration
of neutrophils, lymphocytes and many erythrocytes
into the mucosa. Some secretory glands were broken
and many deciduous cells were observed in the
glandular cavities (Figure 3B, 3F and 3J). Even mucosal
desquamation was found in some gastric tissues
from GU mice. Among the three GU models without
pretreatments, the histological lesions in cold stress
ulcer model were the worst (Figure 3F). Pretreatment
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Inflammation status of GU

Excessive inflammation plays an important role in
the development of gastric mucosal lesions induced
by various proinflammatory stimuli; therefore, we
performed cytokine detection to investigate the
underlying mechanism of the protective effects of
C. butyricum on gastric mucosa. Changes of IL-1b,
TNF-α and LTB4 in gastric tissues in three models
with different pretreatments are shown in Figure 5.
The levels of IL-1b, TNF-α and LTB4 were significantly
elevated, by different magnitudes, in all three GU
models. Pretreatment with C. butyricum attenuated this
elevation of proinflammatory factors (P < 0.01) (Figure
5). Overall, the effects of C. butyricum pretreatment
were similar to those of Omeprazole, despite a lower
level of LTB4 in C. butyricum group in the pylorus
ligation GU mice (P < 0.01) (Figure 5). These data
indicated that C. butyricum ameliorated inflammatory
reactions in the development of gastric mucosal lesions
induced by different stresses in mice.

PGI2 content of gastric tissue during GU

As PGE2 and PGI2 are not stable under physiological
conditions; therefore, the stable metabolite of PGI2,
6-keto-PGF-1α, was used to reflect changes in
proinflammatory factors. Figure 6 shows that 6-ketoPGF-1α was initially at a high level under normal
conditions whereas the different ulcer-inducing stress
factors significantly reduced the level of 6-keto-PGF-1α
in the gastric mucosa. Pretreatment with C. butyricum
markedly attenuated the decrease 6-keto-PGF-1α
induced by stressful stimulations (P < 0.01), with
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Figure 3 Histological assessment of the effect of Clostridium butyricum on acute gastric mucosal injuries in mice challenged with alcohol, cold stress or
pylorus ligation. Three different gastric ulcer (GU) models were induced by alcohol (A-D), cold stress (E-H) or pylorus ligation (I-L), and gastric tissue sections were
prepared for the observation under microscope at × 40 and × 100 magnifications. For each gastric ulcer (GU) model, mice were evenly divided into a Sham control
group (A, E, I), Model group (without pretreatment) (B, F, J), Clostridium butyricum (C. butyricum) pretreatment group (C, G, K) and Omeprazole pretreatment group (D,
H, L). The results represent three independent experiments (n = 4).
[24]

similar effects to Omeprazole (Figure 6).

factors in oxidative damage . MDA, which is a lipid
peroxidation product, is stable and is used as a typical
[27]
parameter to reflect oxidative injuries . Our data
showed that pretreatment with C. butyricum alleviated
the level of MDA and improved the activities of SOD
and CAT in different GU models of mice. On the other
hand, inflammation is an important factor involved in
gastric injury. In the current study, IL-1b, TNF-α and
LTB4 were increased in GUs induced by alcohol, cold
stress and pylorus ligation. This is consistent with
[28-30]
previous reports
. Administration of C. butyricum
dramatically inhibited the elevation of IL-1b, TNF-α and
LTB4, indicating that C. butyricum exerted potential
protective effects on gastric mucosa by restraining
excessive inflammation in GUs.
Prostaglandins (PGs) are important proinflam
matory factors with complicated functions in the
body. However, some PGs, such as PGE2 and PGI2,
[1,31]
are critical in the mucosal defense of the stomach
and play a key role in protecting gastric mucosa from
[32-34]
injury in the development of GUs
. NSAIDs cause
gastric mucosal lesions, which may be explained by
inhibiting the activity of cyclooxygenases (COXs) and
thus reducing the production of PGs. Since PGI2 is the
main subtype of PGs in gastric tissue, we quantified
the contents of 6-keto-PGF-1α, a stable degradation
[35,36]
product of PGI2
in the current study. Our results

DISCUSSION
[16]

C. butyricum was discovered by Dr. Miyairi in 1933 . It
has been reported to have therapeutical effects on colitis
[25]
in rats , inhibitory cytotoxic effects from Clostridium
[16]
difficile in vitro , and suppression of colonization by H.
[17]
pylori in vivo . C. butyricum has been used clinically to
treat antibiotic associated diarrhea caused by H. pylori
[26]
eradication therapy , possibly through the recovery
of intestinal microbiota balance. To investigate whether
C. butyricum has a potential protective effect from
gastric mucosal lesions, we assessed the effects of C.
butyricum pretreatments on gastric mucosa from injuries
induced by alcohol, stress or excessive gastric acid and
digestive enzymes. Our data showed that C. butyricum
pretreatment effectively attenuated the oxidative stress
and inflammatory responses, as well as reduced severity
of gastric lesions from three experimental GU models in
mice.
Previous studies demonstrated that the injury
of gastric mucosa is to a large extent attributed to
[24]
oxidative stress . Accordingly, we wanted to find out
whether C. butyricum could protect gastric mucosa from
lesions by alleviating oxidative stress. The antioxidases,
such as SOD and CAT, are important protective
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Figure 4 Effect of Clostridium butyricum on the activities of superoxide dismutase, catalase and the content of malondialdehyde in the gastric mucosa
of mice with gastric ulcers induced by alcohol, cold stress or pylorus ligation. Gastric ulcer models were induced by alcohol (A-C), cold stress (D-F) or pylorus
ligation (G-I), respectively. The activities of superoxide dismutase (SOD) (A, D, G) and catalase (CAT) (B, E, H), and the content of malondialdehyde (MDA) (C, F, I)
in the gastric tissues of different gastric ulcers (GU) mice were detected. For each GU model, there were four different groups: Sham control group (1), Model group
(without pretreatment) (2), C. butyricum pretreatment group (3) and Omeprazole pretreatment group (4). The data were expressed as mean ± SD (n = 6). aP < 0.01 vs
Model group; bP < 0.01 vs Omeprazole group; cP < 0.01 vs Sham control group.

alleviated the depression induced by cold stress.
Similarly, in the pylorus ligation GU mice, pretreatment
with C. butyricum eliminated the odor of gastric juice
in these mice.
Previous studies have shown that C. butyricum
prevents inflammation-related diseases via its
[25,37]
metabolites
. It is reasonable to speculate that
the metabolites of C. butyricum may play a role in
protection of the gastric mucosa. Butyrate and hydrogen
are the two major metabolic products of C. butyricum.
As a primary energy source of colonic epithelial cells,
butyrate promotes water and sodium absorption,
tightens the junctions between epithelial cells and
[38,39]
accelerates the repair of damaged epithelial cells
in vitro. Butyrate has been reported to ameliorate
[40-42]
inflammation in diversion colitis
, and attenuate

showed that the 6-keto-PGF-1α level was reduced
in three different GU models. Pretreatment with C.
butyricum significantly attenuated the decrease of
6-keto-PGF-1α, suggesting possible protective effects of
C. butyricum. Therefore, it is possible that C. butyricum
provides protection for gastric mucosa against injuries
by reducing oxidative stresses, attenuating proinflammatory cytokines and increasing the level of PGI2.
Further studies are needed to test this hypothesis.
To further assess the effects of C. butyricum, the
general conditions and behavior of mice in different GU
models were observed and compared. We found that
the behavior of alcohol-induced GU mice was improved
by the pretreatment with C. butyricum, while the mice
without pretreatment lay at the bottom of cage. In the
cold-induced GU mice, pretreatment of C. butyricum
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Figure 5 Effect of Clostridium butyricum on the levels of IL-1b, TNF-α and LTB4 in the gastric mucosa of mice with gastric ulcers induced by alcohol, cold
stress or pylorus ligation. Gastric ulcer models were induced by alcohol (A-C), cold stress (D-F) or pylorus ligation (G-I), respectively. The levels of IL-1b (A, D, G),
TNF-α (B, E, H) and LTB4 (C, F, I) in gastric tissue of different GU mice were quantified. For each GU model, there were four different groups: Sham control group
(1), Model group (without pretreatment) (2), Clostridium butyricum (C. butyricum) pretreatment group (3) and Omeprazole pretreatment group (4). The data were
expressed as mean ± SD (n = 6). aP < 0.01 vs Model group; bP < 0.01 vs Omeprazole group; cP < 0.01 vs Sham control group.
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Figure 6 Effect of Clostridium butyricum on 6-keto-PGF-1α in the gastric mucosa of mice with gastric ulcers induced by alcohol, cold stress or pylorus
ligation. Gastric ulcer models were induced by alcohol (A), cold stress (B) or pylorus ligation (C), respectively. The content of 6-keto-PGF-1α in gastric tissue of
different gastric ulcers (GU) mice was measured. For each GU model, there were four different groups: Sham control group (1), Model group (without pretreatment) (2),
Clostridium butyricum (C. butyricum) pretreatment group (3) and Omeprazole pretreatment group (4). The data were expressed as mean ± SD (n = 6). aP < 0.01 vs
Model (without pretreatment) group; cP < 0.01 vs Sham control group.
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Figure 7 The hypothetical model of Clostridium butyricum protective effect on gastric ulcers induced by stressful stimuli. In addition to competitive inhibition
of Helicobacter pylori, as reported by previous studies[17], Clostridium butyricum (C. butyricum) protects gastric mucosa from lesions through at least two different
mechanisms: anti-oxidation and anti-inflammation. The metabolites of C. butyricum, such as butyrate and hydrogen[52], enhance the activity of antioxidases [superoxide
dismutase (SOD) and catalase (CAT)], reduce the production of proinflammatory factors [interleukin (IL)-1b, tumor necrosis factor (TNF)-α, leukotriene B4 (LTB4)]
and promote the production of anti-inflammatory prostaglandins (PGI2), thus exerting protective effect on gastric ulcers by resolving peroxidation and alleviating
exaggerated inflammation induced by various stresses.
[43]

ROS production
in intestinal epithelial Caco-2 cells
stimulated by lipopolysaccharide and colonic mucosa
from patients with Crohn’s disease. In addition,
butyrate was shown to increase the expression and
[44]
activity of COXs in human monocytes
and ROS
[45]
17/2.8 osteoblastic cells , as well as human colon
[46]
tumor tissue . In this study, we showed that C.
butyricum reduced oxidative stress and inflammatory
responses in different GU models. Furthermore, our
other study (unpublished data) demonstrated that
butyrate exerted protective effects on gastric mucosa
challenged with ulcer-inducing stimuli, which provides
an explanation for the anti-GU effect of C. butyricum.
C. butyricum is capable of producing a large
amount of hydrogen; therefore, it has been used as
[47-49]
a clean energy resource of hydrogen
. Recently,
hydrogen was used in therapeutics of various diseases
[50,51]
as an anti-inflammatory gas
, which opens an
exciting approach for the treatment of inflammatory
diseases. For example, a recent study showed that
hydrogen could alleviate injury in stress-induced GU
[52]
in mice . Thus, hydrogen might be a contributor to
C. butyricum protective effects against GU. However,
the metabolites of bacteria are highly dependent on
survival environments. Unlike butyrate, which has
a relatively stable turnover, hydrogen production
is sensitive to the culture conditions. Although C.
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butyricum can survive and colonize in the stomach,
the metabolites of C. butyricum may be different from
those under optimized conditions. Therefore, further
studies are required to identify whether butyrate and
hydrogen are the crucial products of C. butyricum for
the gastric mucosa protective effects.
C. butyricum might be a good choice in the future for
pretreatment of GUs, especially with H. pylori infection.
From the findings of this study, we designed a theoretical
working model for C. butyricum (Figure 7), which includes
three possible benefits of C. butyricum in clinical practice.
First, C. butyricum directly inhibits H. pylori growth
through antagonistic interaction, eliminating the most
important cause of the occurrence and reoccurrence of
GU. Furthermore, C. butyricum is suitable for patients
suffering from GU but not sensitive to the therapy of
eradication H. pylori. Second, C. butyricum attenuates
gastric mucosal lesions independently, which provides
direct evidence for therapeutical administration. Third,
C. butyricum colonization of the stomach provides a
long-lasting protection that prevents the occurrence
and recurrence of ulcers. The main metabolic products,
including butyrate and hydrogen, play crucial roles
in the protective effects of C. butyricum. In addition,
the probiotic C. butyricum can be used as a nutrition
annexing agent for those sensitive to gastric mucosal
lesions or infected by Helicobacter pylori, which is a

8348

July 21, 2015|Volume 21|Issue 27|

Wang FY et al . Effects of C. butyricum on gastric ulcers
prominent advantage lacking in the current clinical practice
of GU treatment. Nonetheless, future investigations are
needed to test these speculations.
In summary, pretreatment with C. butyricum reduced
oxidative stress, inflammatory responses, and injury
severity in mice with 3 different GU models in this
study. These data may suggest a potential protective
effect of C. butyricum on GU and support further effort
to explore its possible clinical application.
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This is a well-written study in which the authors analyzed the preventive effect
of C. butyricum on GU induced by different stimulations in mice. The results
suggest that C. butyricum is a potential protective probiotic that could be used
to prevent different causes of GU.
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Apoptosis of human pancreatic carcinoma cell-1 cells
induced by Yin Chen Hao Decoction
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Abstract
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Chen, Department of Gastroenterology, the Second Affiliated
Hospital of Zhejiang University School of Medicine, Hangzhou
310009, Zhejiang Province, China

AIM: To evaluate human pancreatic carcinoma cell line
(PANC-1) cells apoptosis and Bcl-2 and Bax expression
induced by Yin Chen Hao Decoction (YCHD).
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METHODS: The cell growth inhibitory rate was
determined by MTT assay. Apoptosis of PANC-1 cells
before and after treatment with YCHD was determined
by TUNEL staining. Expression of the apoptosisassociated genes, Bcl-2 and Bax, was detected by
immunohistochemical staining and reverse transcription
-PCR.
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Core tip: Yin Chen Hao Decoction (YCHD) inhibits
the growth of pancreatic carcinoma cells. Following
treatment with YCHD for 24-96 h, the apoptotic rates in
these cells is increased by YCHD, which is accompanied
by time-dependent increased expression of Bax and
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decreased expression of Bcl-2. YCHD-induced apoptosis
of these cells may be mediated by upregulation of BAX
and downregulation of BCL-2.

Rheum officinale Baill (60 g) were placed in a roundbottomed flask and boiled for 1 h in distilled water
was added and then boiled for 1 h. The decoction was
then percolated to obtain the filtrate and the residue
was reboiled twice. The collected filtrates were then
added together and concentrated under reduced
pressure. The concentrated liquid was then vacuum
dried. The yield of YCHD extract was 28.6% and the
concentration was 40 μg/mL. The extract was stored in
a desiccator until use.

Zhou HB, Chen JM, Shao LM, Chen ZG. Apoptosis of human
pancreatic carcinoma cell-1 cells induced by Yin Chen Hao
Decoction. World J Gastroenterol 2015; 21(27): 8352-8357
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i27/8352.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i27.8352

Cell culture

The PANC-1 cells were incubated in Dulbecco’s
modified Eagle’s medium (HyClone of Thermo Fisher
Scientific, Waltham, MA, United States) supplemented
with 2 mmol/L glutamine, 0.05 g/L penicillin, 0.1 g/L
streptomycin, and 10% fetal bovine serum (FBS) at
37  ℃ in a humidified atmosphere containing 5% CO2.
The culture medium was replaced every two days.

INTRODUCTION
Yin Chen Hao Decoction (YCHD) is a classic Chinese
medicine formula consisting of three herbal drugs
Rheum officinale Baill, Artemisia capillaries Thunb
and Gardenia iasminoides Ellis, and has long been
[1]
used to treat cholestasis, hepatitis C , primary biliary
[2]
[3]
cirrhosis , and liver fibrosis . Previous research
reported that YCHD is effective for choleresis and has
anti-inflammatory and anti-asthmatic activity to relax
[4,5]
bronchial smooth muscle . Moreover, YCHD is a
[6]
potent inhibitor of carcinoma . The anti-cancer activity
of YCHD may induce apoptosis of carcinoma cells.
The Bcl-2 family plays a key role in the apoptosis.
The Bcl-2 family includes proapoptotic members, such
as Bax and Bad, and antiapoptotic members such
[7-10]
as Bcl-2 and Bcl-xL
. Overexpression of Bax can
[11-20]
quicken cell death
, whereas overexpression of
[20-29]
Bcl-2 can delay cell death
. The critical determinant
[30]
of cell apoptosis is the ratio of Bcl-2/Bax .
In this study, the cell growth inhibitory rate was
determined by MTT assay. The apoptosis status
in pancreatic carcinoma PANC-1 cells after YCHD
treatment was determined by the TUNEL staining
method. Gene and protein expression of Bcl-2 and Bax
was detected by immunohistochemical staining and
reverse transcription (RT)-PCR, respectively.

MTT assay

TUNEL assay

A MEBSTAIN Apoptosis Kit Direct (MBL International,
Woburn, MA, United States) was used to perform
TUNNEL staining according to the manufacturer’
s protocol. Nucleosome-sized DNA fragments are
detected by tailing their 3′-OH ends with digoxigenin
nucleotides using terminal deoxynucleotidyl transferase
(TdT). After treatment, the cells were combined with
POD-horseradish peroxidase and incubated with the
TdT buffer. The numbers of TUNNEL-positive cells was
counted under a light microscope.

Immunohistochemical staining

MATERIALS AND METHODS

Pancreatic carcinoma PANC-1 cells were exposed to
YCHD (20 μg/mL) for various times(24 h, 48 h, 72
h and 96 h). After treatment, the cells were grown
on six-well glass plates and were fixed with acetone.
After washing in PBS, The cells were washed with
PBS and incubated in 3 mL/L H2O2 solution at room
temperature for 5 min. Then, anti-Bcl-2 or antiBax monoclonal antibodies at a 1:300 dilution were
added and incubated at 4 ℃ overnight. The cells
were washed with PBS and incubated with the
secondary antibody(biotinylated anti-rat IgG) at room
temperature for 1 h. Then the cells were washed
with PBS and incubated with ABC compound (Vector
Laboratories Inc., Burlingame, CA, United States) at
room temperature for 10 min. DAB was used as the
chromagen. After 10 min, the brown color signifying

Materials

Rheum officinale Baill, Artemisia capillaries Thunb
and Gardenia iasminoides Ellis were purchased from
the Second Affiliated Hospital of Zhejiang University,
China. MTT was obtained from Sigma-Aldrich (St.
Louis, MO, Unite States). The in situ cell detection kit
and anti-Bcl-2 and anti-Bax monoclonal antibodies
were purchased from Beijing Zhongshan Biotechnology
Co, Ltd., (Beijing, China). Human pancreatic carcinoma
PANC-1 cells were purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China).

Methods

For the preparation of YCHD, Artemisia capillaries
Thunb (200 g), Gardenia iasminoides Ellis (100 g) and

WJG|www.wjgnet.com

5

Cells were seeded at 1 × 10 cells/well in 96-well plate
overnight and treated with various concentrations of
YCHD (5 μg/mL, 10 μg/mL, 20 μg/mL and 40 μg/mL)
for different times for 24 h, 48 h and 72 h. After
treatment, an MTT assay was used to determine cell
densities. All experiments were performed in triplicate
three separate times.
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Table 1 Effects of various concentrations of Yin Chen Hao Decoction on apoptosis of pancreatic carcinoma cell line-1 cells
Concentration (µg/mL)
Control
5
10
20
40

Treatment time (h)
24

48

72

0.410 ± 0.007
0.365 ± 0.003a
0.327 ± 0.003b
0.306 ± 0.004b
0.264 ± 0.004b

0.407 ± 0.008
0.332 ± 0.011b
0.311 ± 0.004b
0.245 ± 0.003b
0.217 ± 0.003b

0.406 ± 0.007
0.306 ± 0.003b
0.247 ± 0.003b
0.208 ± 0.002b
0.158 ± 0.003b

a

P < 0.05; bP < 0.01 vs control group.

mL) for 24 h, 48 h, and 72 h. Apoptosis of PANC-1
cells was increased with dose and time (Table 1).

TUNEL assay

A TUNEL assay detected apoptotic cells according to
the manufacturer’s instructions. Positive staining was
located in the nucleus (Figure 1). The apoptotic index
of PANC-1 cells was increased with time (Table 2).

Expression of Bcl-2 proteins

Positive staining was located in the cytoplasm (Figure
2A). PANC-1 cells were exposed to YCHD (20 µg/mL)
for various times (24 h, 48 h, 72 h, and 96 h). The
positive rate of Bcl-2 expression in PANC-1 cells was
reduced with time (P < 0.05) (Table 3).

Figure 1 TUNEL assay of apoptotic pancreatic carcinoma cell line-1 cells
induced by Yin Chen Hao Decoction. Magnification × 200.

Expression of Bax proteins

the presence of antigen bound to antibodies was
detected by light microscopy and photographed at
magnification ×200.

Positive staining was located in the cytoplasm (Figure
2B). PANC-1 cells were exposed to YCHD (20 µg/mL)
for various times (24 h, 48 h, 72 h, and 96 h). The
positive rate of Bax expression increased with time (P
< 0.05) (Table 4).

RT-PCR

PANC-1 cells were exposed to YCHD (20 μg/mL)
for various times (24 h, 48 h, 72 h and 96 h)
and total RNA was extracted. The primers for
Bcl-2, Bax, and β-actin in were as follows: β-actin
(500 bp): 5’-GTGGGGCGCCCCAGGCACCA-3’
and 5’-CTCCTTAATGTCACGCACGATTTC-3’; Bcl-2
(716 bp): 5’-GGAAATATGGCGCACGCT-3’ and
5-’ TCACTTGTGGCCCAGAT-3’; Bax (508 bp):
5’-CCAGCTCTGAGCAGATCAT-3’ and 5-’TATCAGCCCA
TCTTCTTCC-3’. PCR was performed using the following
procedures: 94 ℃ for 7 min followed 35 (Bax) or 30
(Bcl-2 and β-actin) cycles of 94 ℃ for 1 min, 60 ℃
for 45 s, and 72 ℃ for 45 s, and completed with one
cycle at 72 ℃ for 7 min. For visualization, 10 µL of PCR
product was loaded onto a 15 g/L agarose gel.

RT-PCR

When PANC-1 cells were exposed to YCHD (20 µg/mL)
for various times (24 h, 48 h, 72 h, and 96 h), the
expression of Bcl-2 mRNA decreased and Bax mRNA
increased with time.

DISCUSSION
Cancer involves dysregulation of the cell cycle and
uncontrolled growth due to the combined effects of
hereditary and environmental factors. The mechanism
of cell cycle dysregulation is an important cause of cell
proliferation, which leads to cancer. Normally, each
period of cell division and proliferation are strictly
regulated by a variety of specific proteins.
The results of the present study show that
apoptosis of PANC-1 cells is time- and dose-dependent.
This suggests that YCHD inhibits the growth of
pancreatic carcinoma cells. Following treatment with
20 µg/mL YCHD, the positive rate of Bax protein
expression was significantly increased, whereas the
rate of Bcl-2 protein expression was significantly
reduced with time. Furthermore, the expression of
Bcl-2 mRNA decreased and the density of Bax mRNA

Statistical analysis

Statistical differences of data were analyzed by the
paired two-tailed Student’s t-test. P < 0.05 was
considered significant.

RESULTS
MTT assay

PANC-1 cells were exposed to various concentrations
of YCHD (5 µg/mL, 10 µg/mL, 20 µg/mL, and 40 µg/
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Table 2 Apoptotic index of pancreatic carcinoma cell line-1 cells treated with Yin Chen Hao Decoction (%)
Treatment time (h)
Apoptotic index
t
P value1

Control

24

48

72

96

1.26 ± 0.31

4.95 ± 0.81
-6.12
P < 0.05

18.63 ± 1.93
-13.92
P < 0.05

35.68 ± 0.37
-183.17
P < 0.05

43.63 ± 1.23
-53.90
P < 0.05

1

vs control group.

A

B

Figure 2 Immunohistochemical staining. A: Bcl-2; B: Bax; magnification × 200.

Table 3 Positive rate of Bcl-2 expression in pancreatic carcinoma cell line-1 cells treated with Yin Chen Hao Decoction (%)
Treatment time (h)
Positive rate
t
P value1

Control

24

48

72

96

36.62 ± 0.69

21.71 ± 0.07
31.29
P < 0.01

10.60 ± 0.49
44.51
P < 0.01

7.21 ± 0.45
73.62
P < 0.01

4.54 ± 0.36
59.24
P < 0.01

1

vs control group.

Table 4 Positive rate of Bax expression in pancreatic carcinoma cell line-1 cells treated with Yin Chen Hao Decoction (%)
Treatment time (h)
Positive rate
t
P value1

Control

24

48

72

96

10.29 ± 0.51

20.14 ± 0.79
-56.89
P < 0.001

34.6 ± 0.86
-41.68
P < 0.001

45.24 ± 0.48
-69.95
P < 0.001

58.76 ± 1.47
-51.89
P < 0.001

1

vs control group.

Thunb, and Gardenia jasminoides Ellis), and has long been used to treat
cholestasis, hepatitis C, primary biliary cirrhosis, and liver fibrosis. Previous
research reported that YCHD is effective for choleresis and has antiinflammatory and antiasthmatic activity to relax bronchial smooth muscle.
Moreover, reports show that YCHD is a potent inhibitor of carcinoma. The anticancer activity of YCHD may induce apoptosis of carcinoma cells.

increased with time. Thus, the ratio of Bcl-2/Bax
decreased with YCHD treatment to result in apoptosis
of these cells.
In conclusion, this study demonstrates that YCHD
induces apoptosis of pancreatic carcinoma cells.
Decreased expression of the BCL2 and increased
expression of BAX may induce apoptosis. YCHD may
be a new drug for pancreatic cancer chemotherapy.

Research frontiers

YCHD has antitumor effects. The research hotspot related to YCHD is how it
affects the progression of human cancer.

Innovations and breakthroughs

The present study demonstrates that YCHD is able to induce apoptosis of
pancreatic carcinoma cells. Decreased expression of BCL2 and increased
expression of BAX may induce apoptosis.

COMMENTS
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Applications

Background

In understanding the role and mechanism of YCHD against pancreatic
carcinoma, this study is expected to suggest a way of improving clinical

Yin Chen Hao Decoction (YCHD) is a classic Chinese medicine formula
consisting of three herbal drugs (Rheum officinale Baill, Artemisia capillaris
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molecular mechanism of YCHD for treatment of pancreatic carcinoma.
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Abstract

Supported by Kyung Hee University for the young medical
researcher in 2007 (KHU-20071510).

AIM: To investigate the incidence and distribution of
second primary cancers (SPCs) in early gastric cancer
(EGC) patients who underwent endoscopic resection
(ER), compared to advanced gastric cancer (AGC)
patients who underwent surgery.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Kyung Hee
University Hospital (KMC IRB 1217-03)
Informed consent statement: Because this was a retrospective
study with minimal risk to patients, it was exempted from
obtaining informed consent by the IRB.

METHODS: The medical records of 1021 gastric
cancer (GC) patients were retrospectively reviewed from
January 2006 to December 2010. The characteristics
and incidence of SPCs were investigated in those with
EGC that underwent curative ER (the EGC group)
and those with AGC who underwent curative surgical
resection (the AGC group).

Conflict-of-interest statement: All authors declare no conflicts
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: We ultimately enrolled 184 patients in the
EGC group and 229 patients in the AGC group. A total
of 38 of the 413 (9.2%) GC patients had SPCs; the rate
was identical in both groups. Of these 38 patients, 18
had synchronous and 20 had metachronous cancers.
The most common SPC was lung cancer (18.4%),
followed by colorectal cancer (13.2%) and esophageal
cancer (13.2%). No significant risk factors were identified
for the development of SPCs.
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CONCLUSION: Endoscopists should provide close
surveillance and establish follow-up programs to ensure
SPC detection in GC patients undergoing curative
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resection regardless of their clinical characteristics.

on the overall prognosis of GC, early detection and
proper management of SPCs in patients who have
undergone curative resection of GC is especially
[13]
important . To date, few studies have explored the
incidence or clinical features of SPCs in GC patients;
those that have, studied heterogeneous groups
[13,15-18]
of GC patients
. Further, although ER is now
widely performed in EGC patients, no study has yet
analyzed the clinical features of SPCs in EGC patients
who have undergone ER. Apart from showing that
ER is appropriate for treatment of very early-stage
EGC, it is important to emphasize that long-term and
regular endoscopic surveillance must be conducted
to detect local recurrence or the development of
metachronous GC. In addition, surveillance of SPCs
may be an important responsibility of endoscopists,
especially in patients with endoscopically resectable
EGCs. Therefore, in the present study, we excluded
GC patients who underwent non-curative resection
(in whom SPCs are of relatively low importance),
to focus on GC patients with very early-stage EGC,
who require particular attention from endoscopists.
We compared the incidence of, clinical features
of, and risk factors for, SPC between two groups:
EGC patients who underwent curative ER, and AGC
patients who underwent curative surgical resection.
We also attempted to identify risk factors that may
have contributed to the development of SPCs in EGC
patients who underwent ER.

Key words: Second primary cancers; Early gastric cancer;
Endoscopic resection; Advanced gastric cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we investigate the incidence
and distribution of second primary cancers (SPCs) in
early gastric cancer (EGC) patients who underwent
endoscopic resection (ER) compared to advanced gastric
cancer patients who underwent surgery. Although SPCs
developed rather commonly in gastric cancer patients,
no significant risk factors were identified for their
development. Therefore, endoscopists should perform
close surveillance and establish follow-up programs for
SPC detection after use of ER to treat EGC.
Kim JW, Jang JY, Chang YW, Kim YH. Clinical features of
second primary cancers arising in early gastric cancer patients
after endoscopic resection. World J Gastroenterol 2015;
21(27): 8358-8365 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i27/8358.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8358

INTRODUCTION
Worldwide, gastric cancer (GC) is the fourth most
common cancer and the second-leading cause of
cancer-related death, and is especially prevalent in
[1]
the Asia-Pacific region including Korea . Recently, the
outcomes of GC patients have significantly improved,
attributable to the introduction of periodic cancer
screening programs and advances in early-detection
techniques, surgical procedures, and multimodal
[2-5]
treatments
. In practice, annual mortality from
[6]
GC is continuously decreasing in Korea . Also, imple
mentation of a population-based mass-screening
program has increased the detection rate of early gastric
[7]
cancers (EGCs) from 33% in 1999 to 60% in 2012 .
Along with this increase, endoscopic resection (ER),
including both endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD), has become
a widely accepted standard technique for treatment of
EGC in Korea and Japan, associated with a nominal risk
of lymph node metastasis. The technique is minimally
[8-10]
invasive, safe, and convenient
. To date, several
reports have described excellent short- and long-term
outcomes in patients who have undergone curative ER
[9,11,12]
of EGC; the 5-year survival rate is 96.8%
.
Such improved outcomes are associated with
increases in the risk of development of second primary
cancers (SPCs) at different locations throughout the
[13]
body . The risk of developing an SPC in cancer
patients is considerably higher than in the general
[14]
population . As SPCs may have adverse effects

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study population

Between January 2006 and December 2010, 1021
patients with GC were diagnosed and managed at
the Kyung Hee University Hospital, Seoul, Korea, and
we retrospectively analyzed their data. All patients
underwent surgical or endoscopic GC resection.
EGC patients underwent EMR or ESD according
to individual indications. AGC patients underwent
either partial or total gastrectomy, with lymph node
dissection, depending on tumor location. Patients
who had a previous history of malignancy, died within
1 year after diagnosis of GC, or required further
therapy including chemotherapy, radiation therapy,
or additional surgery were excluded. EGC patients
who did not undergo curative ER of EGC, or who
exhibited an undifferentiated histology, were also
excluded. Curative ER for EGC was defined as R0
resection followed by pathological confirmation that
resected specimens were included in the conventional
[10]
[19]
indication
of EMR or the expanded indication
of ESD for EGC. R0 resection was defined as lateral
tumor-free margin ≥ 2 mm and vertical tumor-free
margin ≥ 0.5 mm on histologic examination after ER.
Surgery was recommended to any patient who did
not fulfill the criteria of curative ER upon pathological
assessment following ER.
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Clinical characteristics, including age, gender, history
of smoking, alcohol consumption, the GC cell type,
diagnosis of early or advanced GC, and Helicobacter pylori
(H. pylori) infection were assessed. H. pylori infection
was determined using either a rapid urease test, a
13
C-urea breath test, or histology. All patients with GC
underwent preoperative esophagogastroduodenoscopy.
The standard preoperative or preprocedural workup
for GC included a complete physical examination,
routine blood testing including measurement of tumor
markers, chest X-ray, computed tomography (CT)
of the chest and abdomen, and whole-body positron
emission tomography (PET)-CT. On regular follow-up
examinations after treatment, blood tests, a chest X-ray,
abdominal CT, and endoscopy of the gastrointestinal
(GI) tract were performed. The study was approved by
the Institutional Review Board of Kyung Hee University
Hospital (KMC IRB 1217-03).

and distinct; and (3) the possibility that the second
cancer represents a metastasis must be excluded. If
necessary, immunohistochemical stains were used
to differentiate SPCs from the metastasis of primary
gastric cancer. SPCs were categorized into two groups
depending on time of detection: synchronous cancer
and metachronous cancer. Synchronous cancer was
defined as a cancer diagnosed at the same time as
the first primary cancer or within the following year,
and metachronous cancer was defined as a cancer
developing more than 1 year later. All GCs and SPCs
were confirmed pathologically and/or radiologically.

Statistical analysis

Between-group comparisons of clinical features
2
were performed using the two-tailed χ test and
the independent samples t-test. Logistic regression
analysis was used to define risk factors for SPC.
Statistical analyses were performed using SPSS
software (version 18.0; SPSS Inc., Chicago, IL, United
States). A P value < 0.05 was considered to be
statistically significant.

Endoscopic resection

All ER procedures were performed by a single
experienced endoscopist (Jang JY) who had performed
more than 1500 procedures. ER involved performance
of both ESD and EMR. All EGC patients who underwent
ER met the conventional or expanded criteria for EMR
[10,19]
or ESD
. EMR was performed to treat lesions < 10
mm in diameter. ESD was performed for lesions ≥ 10
mm and for lesions that exhibited a high probability
of piecemeal resection. EMR-P (precutting) was used
on the lesion to avoid any incomplete resection of the
transverse cutting. Lesions were marked externally
using argon plasma coagulation (ERBE, Tubingen,
Germany). To lift the lesion, a mixture of glycerin,
epinephrine, and indigo carmine was locally injected
into the external side of the marking. Once the lesion
was lifted, incisions were made into its external side
using a needle knife (KD-V451M, Olympus Medical
Systems Co., Ltd., Tokyo, Japan) or an insulated tipped
(IT) knife 2 (KD-611L, Olympus Medical Systems
Co., Ltd., Tokyo, Japan). VIO 300D (ERBE, Tubingen,
Germany) was used as the electrosurgical unit. In
cases of EMR-P, after performing circumferential
mucosal incision, a snare (SD-210U-15, 25, Olympus
Medical Systems Co., Ltd., Tokyo, Japan) was mounted
along the incision groove to subsequently dissect the
lesion. In patients treated via ESD, a standard ESD
method was used to achieve tumor resection. A typical
sequence featured marking, incision, and submucosal
dissection with simultaneous hemostasis. After
placing an IT knife 2 into the incision site, resection
was completed via submucosal dissection performed
parallel to the proper muscle layer.

Second primary cancers

RESULTS
Clinical characteristics of the patients

Of the 1021 GC patients reviewed, we enrolled 413
patients who underwent curative endoscopic or
surgical resection. A total of 314 EGC subjects were
excluded because of surgery (249), a previous history
of malignancy (9), loss to follow-up (8), performance
of non-curative ER (34), or undifferentiated histology
(14). Also, 294 AGC subjects were excluded because
they required additional therapy after surgery (267),
died within 1 year after diagnosis of GC (15), or had
a previous history of malignancy (12). Finally, we
evaluated 184 EGC patients who underwent curative
ER (the EGC group) and 229 AGC patients who
underwent curative surgical resection (the AGC group)
(Figure 1). Table 1 shows the clinical characteristics
of both groups. No differences existed in the age
and gender distribution between the groups (P =
0.263 and P = 0.159, respectively). The incidence of
cigarette smoking (59.8% vs 47.6%, P = 0.014) and
alcohol consumption (52.7% vs 40.6%, P = 0.014)
was higher in the EGC group than in the AGC group.
The prevalence of H. pylori infection was higher in the
AGC group (57.1% vs 66.8%, P = 0.042). All patients
in the EGC group exhibited a differentiated histology.
There were no significant differences between the two
groups with regard to the mean follow-up period (36.9
± 14.9 mo vs 37.4 ± 16.7 mo, P = 0.679).

Characteristics of SPCs

[20]

The diagnostic criteria of Warren and Gates
were used to diagnose SPCs: (1) a tumor must be
unequivocally malignant upon histological evaluation;
(2) each cancer must be geographically separate

WJG|www.wjgnet.com

SPCs were identified in 9.2% of the patients in the
EGC group and 9.2% of the patients in the AGC group.
Notably, the overall incidence of SPC did not differ
between the two groups (P = 0.981). Synchronous
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Gastric cancer (1021)

EGC (498)

AGC (523)

EGC with surgery (249)

Additional therapy (267)
Previous malignancy (12)
Death within 1 year (15)

EGC with ER (249)
Previous malignancy (9)
Follow up loss (8)
Non-curative resection (34)
Undifferentiated histology (14)

EGC with curative
ER (184)

AGC with curative
resection (229)

Figure 1 Flow chart of patients included in the analysis.

overall incidence of synchronous and metachronous
cancers between the two groups (P = 0.994 and P =
0.967, respectively) (Table 2).
The majority of SPCs in both groups were solid
cancers (94.1% in the EGC group and 95.2% in the
AGC group) (Figure 2). Table 3 shows the number of
patients with various types of SPCs and GCs. The most
common site of SPC occurrence in the EGC group
was the lung (17.6%), followed by the colorectum
(11.8%), esophagus (11.8%), and urogenital area
(11.8%). The most frequent sites of SPC occurrence
in the AGC group were the lung (19.0%), followed
by the colorectum (14.3%) and esophagus (14.3%).
Both groups exhibited one patient that developed
hematologic malignancies: non-Hodgkin lymphoma
in the EGC group and multiple myeloma in the AGC
group (Table 2 and Figure 2).

Table 1 Characteristics of the early gastric cancer and advanced
gastric cancer groups n (%)
Overall

EGC group AGC group P value

(n = 413) (n = 184) (n = 229)
Mean age (mean ± SD, 61.3 ± 11.6
yr)
Gender
Male
293 (70.9)
Female
120 (29.1)
Smoking
229 (55.4)
Alcohol
190 (46.0)
H. pylori infection
258 (62.5)
Histology
Differentiated
262 (63.4)
Undifferentiated
151 (36.6)
Follow-up duration
37.2 ± 15.9
(mean ± SD, months)

62.1 ± 10.2

60.8 ± 12.6

0.263

137 (74.5)
47 (25.5)
110 (59.8)
97 (52.7)
105 (57.1)

156 (68.1)
73 (31.9)
109 (47.6)
93 (40.6)
153 (66.8)

0.159

184 (100)
0
36.9 ± 14.9

78 (34.1)
151 (65.9)
37.4 ± 16.7

< 0.001

0.014
0.014
0.042

0.697

EGC: Early gastric cancer; AGC: Advanced gastric cancer; SD: Standard
deviation; H. pylori: Helicobacter pylori.

Risk factors for SPCs in EGC patients who underwent
curative ER

Table 2 Incidence of second primary cancers in gastric cancer
patients n (%)
Overall

Logistic regression analyses of risk factors showed
that age, gender, smoking, alcohol consumption, and
H. pylori infection were not significantly associated
with incidence of synchronous cancer. In contrast,
smoking, H. pylori infection, and being of male gender
all tended to be associated with a higher incidence
of metachronous cancer. Alcohol consumption, on
the other hand, tended to be associated with a lower
incidence of metachronous cancer. However, these
data were not statistically significant (Table 4).

EGC group AGC group P value

(n = 413) (n = 184) (n = 229)
Second primary cancer
Synchronous cancer
Metachronous cancer

38 (9.2)
18 (4.4)
20 (4.8)

17 (9.2)
8 (4.3)
9 (4.9)

21 (9.2)
10 (4.4)
11 (4.8)

0.981
0.993
0.967

EGC: Early gastric cancer; AGC: Advanced gastric cancer.

cancers were diagnosed in 4.3% of the patients in the
EGC group and 4.4% of the patients in the AGC group.
Metachronous cancers were diagnosed in 4.9% of the
patients in the EGC group and 4.8% of the patients
in the AGC group. There were no differences in the
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DISCUSSION
In Korea, the National Cancer Screening Program
facilitates biennial gastroscopy or upper GI barium
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Figure 2 Site distribution of second primary cancers according to gastric cancer group. EGC: Early gastric cancer; AGC: Advanced gastric cancer.

Table 3 Distribution of second primary cancers according to
gastric cancer group n (%)
Location
Lung
Colorectal
Esophagus
Urogenital
Gynecologic
Pancreas
Skin
Hematology
Others

Overall

EGC group

AGC group

(n = 38)

(n = 17)

(n = 21)

7 (18.4)
5 (13.2)
5 (13.2)
4 (10.5)
3 (7.9)
3 (7.9)
2 (5.3)
2 (5.3)
7 (18.3)

3 (17.6)
2 (11.8)
2 (11.8)
2 (11.8)
1 (5.9)
1 (5.9)
1 (5.9)
1 (5.9)
4 (23.4)

4 (19.0)
3 (14.3)
3 (14.3)
2 (9.5)
2 (9.5)
2 (9.5)
1 (4.8)
1 (4.8)
3 (14.3)

Table 4 Logistic regression analysis of risk factors in the early
gastric cancer group
Synchronous cancer
Age (> 60 yr)
Sex (male)
Smoking
Alcohol
H. pylori
infection

P value

OR (95%CI)

P value

0.676 (0.082-5.580)
0.992 (0.193-5.104)
0.392 (0.091-1.696)
0.501 (0.116-2.165)
1.294 (0.299-5.594)

0.589
0.992
0.210
0.355
0.730

1.151 (0.278-4.768)
1.488 (0.356-6.214)
1.307 (0.316-5.408)
0.418 (0.101-1.726)
1.553 (0.376-6.421)

0.846
0.586
0.712
0.228
0.543

EGC: Early gastric cancer; OR: Odds ratio; CI: Confidence interval; H.
pylori: Helicobacter pylori.

EGC: Early gastric cancer; AGC: Advanced gastric cancer.

patients who underwent ER for EGC and surgery
for AGC was 9.2% in both groups. This incidence is
somewhat higher than those of previous studies, in
[13,15-17]
which the figure ranged from 2% to 8%
. One
reason for the discrepancy may be that all patients
enrolled in the present study underwent curative
endoscopic or surgical resection. Because the survival
rate of early-stage GC patients is good, SPCs are
more frequently detected in such patients. Previous
[15,17,25]
studies have also found as much
. Therefore,
the high incidence of SPCs noted in the present study
is attributable to the fact that the prognoses of our
enrolled patients were expected to be excellent. We
have confirmed that long-term survival may contribute
to the development of SPCs. Thus, GC patients who
have undergone curative resection require particularly
careful monitoring for the development of SPCs.
Another possible reason for the higher incidence of
SPCs noted here is that the evaluation protocol of our
center dictates that all GC patients undergo extensive
pretreatment work-up including colonoscopy, a chest
X-ray, chest and/or abdominal CT, or PET-CT. Patients
were also closely monitored through a regular followup protocol, contributing to an increase in the detection
rates of metachronous cancers.
We compared two groups, EGC and AGC patients
who underwent curative resection of primary GC.
Some authors have sought to show that genetic

studies for anyone in the population over 40 years
old. With such efforts, the overall proportion of early[3,4]
stage GC occurrence has been progressively rising .
[21]
Kim et al participated in the Korean National Cancer
Screening Program conducted from 2007 to 2010,
analyzed the results of 34416 gastroscopies, and found
that 74.0% of diagnosed GCs were EGCs. Due to the
fact that the skills and techniques of endoscopists have
evolved and developed, ER is the preferred method
for treating EGC when appropriately indicated. This
treatment not only preserves the stomach, warranting
[22]
a better quality of life , but is also associated with
a good prognosis when considering a 5-year survival
[9]
rate of 96.8% . Consequently, GC patients who are
cured through ER or surgery are more vulnerable to
the development of SPCs during their lifetime than
those who have not curative resection, which may
potentially have adverse effects on their overall health.
To improve the outcomes of GC patients, timely
identification of SPCs is considered an important
clinical issue. However, previous studies have focused
on the occurrence of metachronous GC after ER of
EGC, prevention of metachronous GC, or prediction of
[23,24]
the risk thereof
. Therefore, our present study of
SPCs in EGC patients who underwent ER is both timely
and important.
In the present study, the incidence of SPCs in
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differences contribute to variation in the prognoses of
[26-28]
EGC and AGC patients
. Several genetic changes
in AGC patients may contribute to the development
of SPCs. However, our results suggest the possibility
that it makes no genetic difference contributing the
development of SPC between EGC and AGC, because
the SPC incidence after complete resection of the
tumor was identical in the two groups.
In the present study, lung cancer (18.4%) was
the most common cancer noted in GC patients with
SPCs, followed by colorectal cancer (13.2%) and
esophageal cancer (13.2%); these figures are similar
[13,15,17]
to those of previous reports
. Interestingly, more
than 25% of SPCs occurred in the GI tract, including
the esophagus and colorectum. Development of
multiple primary cancers of the digestive tract has
[29,30]
been associated with microsatellite instability
. It
is well known that hereditary non-polyposis colorectal
[31]
cancer patients tend to develop GC . Taking the
results of previous studies and those of the present
study together, it is possible that multiple malignancies
in the digestive tract share a common carcinogenic
process. Therefore, the high incidence of other GI
tract cancers developing in GC patients suggests the
need for careful endoscopic evaluation of the whole
digestive tract in GC patients. Next, it is possible that
the high proportion of smokers (55.4%) in the present
study affected the distribution and prevalence of SPCs.
Cigarette smoking is a major risk factor for many
cancers, especially those of the aerodigestive tract,
[32]
such as lung and esophageal cancer . An association
between cigarette smoking and the development of
[33,34]
GC and colorectal cancer has also been reported
.
However, in the present study, such detection may
have been in large part attributable to the performance
of routine pre-operative colonoscopy, and postoperative endoscopic surveillance for GC; these tests
detect colorectal and esophageal cancer, respectively.
Although no mechanism underlying the association
between GC and SPCs has yet been established,
careful screening for lung and digestive tract cancers
should follow a diagnosis of GC.
We also analyzed risk factors for SPCs in EGC
patients who underwent ER. Although previous studies
have reported that age, smoking, differentiated
histology, and being male are all risk factors of SPC
[13,16,25]
development
, no statistically meaningful risk
factors were found in the present study. This may
be attributable to our small sample size and shortterm follow-up. However, it is conceivable that the
characteristics of very early-stage differentiated EGC
patients with SPCs differ from those of later-stage or
undifferentiated GC patients. This means that clinicians
should pay particular attention to SPC development
in all EGC patients undergoing ER, regardless of their
characteristics.
Our study had some limitations. First, the work
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was retrospective in nature and conducted in a single
center. Second, our sample size may have been
inadequate to allow evaluation of the precise prevalence
and distribution of SPCs in EGC patients with ER.
However, as we enrolled GC patients who underwent
only curative endoscopic or surgical resection, we
maintained group homogeneity in terms of analysis
of SPC diagnosis. Third, the prevalence of H. pylori
infection in our patients (62.5%) was low compared
[35]
to that of previous studies . This may be attributable
to missed histories of H. pylori eradication and/or acid
suppression therapy, as well as our small sample size.
Lastly, because our follow-up period was relatively
short, we have likely underestimated the prevalence
of SPCs. However, previous studies found that many
metachronous primary cancers developed within 3
[15,36]
or 5 years
. Therefore, our results are reliable, at
least to some extent. Despite these limitations, it is
very important that we investigated SPCs developing
in very early-stage EGC patients who underwent ER.
In conclusion, SPCs developed rather commonly
in GC patients and early detection of SPCs is essential
to improve the prognosis and longevity of such
patients. Thus, clinicians should consider, at the time
of diagnosis of or surveillance for GC, that multiple
primary cancers may develop later. In particular,
endoscopists should perform close surveillance and
establish follow-up programs for SPC detection, as well
as cancer recurrence and metachronous GC detection,
after use of ER to treat EGC.
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Abstract
AIM: To evaluate the impact of mesalamine admini
stration on inflammatory response in acute uncomplicated
diverticulitis.
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retrospective design, approval of the ethic commission was not
required in our institution.

METHODS: We conducted a single centre retrospective
cohort study on patients admitted to our surgical
department between January 2012 and May 2014 with
a computed tomography -confirmed diagnosis of acute
uncomplicated diverticulitis. A total of 50 patients were
included in the analysis, 20 (study group) had received
3.2 g/d of mesalamine starting from the day of
admission in addition to the usual standard treatment,
30 (control group) had received standard therapy
alone. Data was retrieved from a prospective database.
Our primary study endpoints were: C reactive protein
mean levels over time and their variation from baseline
(ΔCRP) over the first three days of treatment. Secondary
end points included: mean white blood cell and neutro
phile count over time, time before regaining of regular
bowel movements (passing of stools), time before
reintroduction of food intake, intensity of lower abdominal
pain over time, analgesic consumption and length of
hospital stay.
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[1-6]

parameters were similar at baseline in the two groups.
The evaluation of CRP levels over time showed, in
treated patients, a distinct trend towards a faster
decrease compared to controls. This difference app
roached statistical significance on day 2 (mean CRP 6.0
+/- 4.2 mg/dl and 10.0 +/- 6.7 mg/dl respectively in
study group vs controls, P = 0.055). ΔCRP evaluation
evidenced a significantly greater increment of this
inflammatory marker in the control group on day 1 (P
= 0.03). A similar trend towards a faster resolution of
inflammation was observed evaluating the total white
blood cell count. Neutrophile levels were significantly
lower in treated patients on day 2 and on day 3 (P < 0.05
for both comparisons). Mesalamine administration was
also associated with an earlier reintroduction of food
intake (median 1.5 d and 3 d, study group vs controls
respectively, P < 0.001) and with a shorter hospital
stay (median 5 d and 5.5 d, study group vs controls
respectively, P = 0.03).

countries . Notions about the pathogenesis of this
disease are still controversial and so is the choice of
[7,8]
[9-11]
the best treatment strategy . Most guidelines
indicate bowel rest, intravenous fluids and broadspectrum antibiotics as standard treatment, however,
evidence supporting this kind of recommendation is
[12,13]
scarce and of low quality
. Some authors have
suggested that this condition may arise from an
inflammatory process rather than from an infective
one, thus supporting a rationale for the use of anti[14]
inflammatory drugs . A number of studies have
explored the role of 5-ASA preparations, and especially
of mesalamine in treating chronic symptoms and
reducing the rate of recurrence after a first episode
of acute uncomplicated diverticulitis, with promising
[15-20]
but inconsistent results
. Evidence regarding the
effectiveness of this drug during the acute phase
of the disease, however, is still scarce. The aim of
this study is to evaluate the impact of high dosage
mesalamine administration in modulating the
inflammatory response in acute uncomplicated leftsided diverticulitis.

CONCLUSION: Despite its limitations, this study
suggests that mesalamine may allow for a faster
recovery and for a reduction of inflammatory response
in acute uncomplicated diverticulitis.

MATERIALS AND METHODS

Key words: Acute diverticulitis; Inflammatory bowel
disease; 5-ASA; benign colonic disease

We conducted a retrospective cohort study on patients
diagnosed with acute uncomplicated diverticulitis and
admitted to our surgical department between January
2012 and May 2014. Data was retrieved from an
institutional prospective database and covered the
period of hospitalization.
The patients considered for evaluation were aged
over 18 years, had a computed tomography (CT) scanconfirmed diagnosis of acute uncomplicated diverticulitis
(staged Hinchey 1A or 1B) and had received 3.2 g/d
of mesalamine for the duration of their in-hospital
stay in addition to the usual standard therapy. They
were compared to a group of controls admitted to
our department at the same period of time with a CTconfirmed diagnosis of acute uncomplicated diverticulitis
and treated without mesalamine. Exclusion criteria
were: a known history of peptic ulcer, recent surgery on
the gastrointestinal tract, inflammatory bowel disease,
short bowel syndrome or other condition causing
malabsorption or altered bowel mobility, endometriosis/
dysmenorrhea, major medical or psychiatric diseases,
immunodepression, recent consumption (during the
preceding 4 wk) of antibiotics, steroids or products
containing mesalamine. In accordance with with
current guidelines, all patients were prescribed broadspectrum intravenous antibiotics and fluid support
by the attending surgeon, who was also in charge of
deciding the timing for the resumption of oral food
intake and discharge. In the period of interest, our
internal protocol for antibiotic therapy included a
combination of quinolones and metronidazole given
intravenously to all patients that were not allergic or
intolerant. Recovery was assessed on the basis of a
clinical decision.

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

Core tip: Acute uncomplicated diverticulitis is the most
common presentation of symptomatic diverticular
disease. Taking the lead from evidence suggesting
that acute uncomplicated diverticulitis may represent
a form of inflammatory bowel disease, our study
investigated, to our knowledge for the first time, the
impact of oral mesalamine administration on early
inflammatory parameters. When compared to standard
therapy alone, mesalamine addition seemed to allow
for a faster decrease of inflammation and for a faster
recovery of the patients. Despite the limitations inherent
in the study design, the results may , in our opinion,
constitute the basis for future randomized, placebocontrolled, studies.
Nespoli L, Lo Bianco G, Uggeri F, Romano F, Nespoli A,
Bernasconi DP, Gianotti L. Effect of oral mesalamine on
inflammatory response in acute uncomplicated diverticulitis.
World J Gastroenterol 2015; 21(27): 8366-8372 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i27/8366.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i27.8366

INTRODUCTION
Acute uncomplicated diverticulitis is the most
common presentation of symptomatic diverticular
disease and represents an important economical
burden for the health-care systems of western
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assessments done in the emergency room during the
initial patient evaluation. Secondary endpoints were:
daily WBC and neutrophile count, intensity of lower
abdominal pain over time, analgesic consumption,
time before recovery of normal bowel function (passing
of stools), time before resumption of oral food intake
and length of in-hospital stay.
Descriptive statistics for continuous data were
expressed as mean ± SD as well as median (range).
Discrete data were summarized as numbers and
percentages. For continuous variables, the t-test or the
Mann-Whitney test were used, depending on normality
distribution assumption. For categorical variables the
χ 2 test was used.
For all statistical analyses, a two-sided p value <
0.05 was considered statistically significant. Statistical
analyses was carried out using the Epi Info 3.5.1
software package for Windows and the SPSS Statistics
22.0 standard software package.

Table 1 Baseline
Study patients
Age (yr)1
Sex (F)2
BMI (kg/m²)1
Arterial hypertension2
Type 2 diabetes mellitus2
Recurrent episode2
Hinchey IB2
Time to admission (d)1
CRP (mg/dL)3
WBC (109/L)1
Neutrophiles (109/L)1
Pain (NRS score)3

Control patients P value

(n = 20)

(n = 30)

59.9 ± 15.7
12 (60.0)
24.8 ± 3.8
11 (55)
1 (5)
5 (25)
5 (25)
2.3 ± 2.1
6 ± 4.6
12.5 ± 3.6
9.6 ± 3.1
3.9 ± 2.8

66.5 ± 15.4
19 (63.3)
28.9 ± 5.8
13 (43.3)
5 (16.7)
1 (3.4)
2 (6.7)
2.3 ± 2
6 ± 6.3
13 ± 4
10.4 ± 4.2
4.5 ± 2.4

0.15
0.81
0.01
0.42
0.21
0.02
0.07
0.99
0.41
0.62
0.45
0.55

1

Data as mean ± SD, t-test; 2Data as n (%), χ 2 test; 3Data as mean ± SD,
mann Whitney test.

The decision to add mesalamine to the standard
therapy was taken independently by the attending
physician, on the basis of evidence that relates
mesalamine administration in such a setting to a
[15-17]
possible improvement of long-term symptoms
.
Treated patients received 3.2 g of mesalamine/d by
way of two 800 mg tablets (Asamax, Astellas Pharma
Inc, Chuo-ku, TKY, Japan) subministered twice daily.
The dosing schedule was chosen in accordance with
the existing data regarding the use of mesalamine
in acute ulcerative colitis (UC) that indicates a daily
dosage of between 2.4 g/die and 4.8 g/die to be a
safe and effective induction therapy for patients with
[21]
mild to moderately active UC
and in conformity
with the most recent trials on the use of mesalamine
[20,22]
in diverticular disease
. A daily administration
regimen was preferred on the basis of evidence that it
is more effective in inducing and maintaining remission
[23]
than cyclical administration . The length of treatment
prosecution following hospital discharge was defined
for each patient by the attending physician.
Laboratory assessments of serum white blood
cells (WBC), neutrophiles and C reactive protein
(CRP) levels where performed and evaluated with
reference to the normal ranges applied locally. The
administration of analgesic medication was taken into
account and registered for each day. A 0-10 Numeric
Rating Scale (NRS) score for lower abdominal pain
was assigned daily following usual ward practice. Time
before recovery of normal bowel function (passing of
stools) and time before resumption of oral food intake
were also recorded. All clinical and biochemical data
were reported on a case-report form and entered into
the database.
The primary endpoints of the study included mean
daily levels of serum CRP and their variation during the
first three days of in-patient treatment. Variation was
defined as the difference between CRP mean values
for each day of treatment and baseline. Baseline
levels were defined using the results of laboratory

WJG|www.wjgnet.com

RESULTS
During the period of interest, 50 eligible patients
were admitted to our surgical department with a
CT-confirmed diagnosis of acute uncomplicated
diverticulitis. 20 were treated with mesalamine in
addition to the usual standard theraphy while 30
patients received standard therapy alone.
Baseline characteristics of the study population
are summarized in Table 1. A compared analysis
shows that the two groups are balanced in terms of
age, sex and co-morbidities. Mean age was 59.9 ±
15.7 years in the study group and 66.5 ± 15.4 years
in the control group; 60% (12/20) of study patients
and 63.3% (19/30) of control patients were women.
The most frequent co-morbid conditions were type
2 diabetes mellitus and arterial hypertension. Other
conditions included: chronic obstructive pulmonary
disease (COPD), kidney failure, asthma, coronary
artery disease and glaucoma. The average Body
Mass Index (BMI) appeared to be higher in the
2
control group (mean 24.8 ± 3.8 kg/m for the study
2
group and 28.9 ± 5.8 kg/m for the control group,
p = 0.01). A known history of prior episodes of
diverticulitis was more frequent in the study group
than among controls (positive history in 5/20 patients,
25.0% in the study group and 1/30 patients, 3.4%
in the control group), along with a higher incidence
of Hinchey IB diverticulitis, which was recorded in
5/20 patients (25%) in the study group and in 2/30
patients (6.7%) in the control group (p = 0.07). Time
from the outbreak of the first symptoms to admission
was comparable in the two groups. Baseline levels
for inflammatory parameters and scores for lower
abdominal pain were found to be similar in the two
groups. Namely, mean CRP at the time of admission
was 6.0 ± 4.6 mg/dl and 6.0 ± 6.3 mg/dl in the
study group and in controls, respectively, (p = 0.41).
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Figure 4 Neutrophile count. Mean neutrophile count, over time, in the two
groups.

t /d

Figure 2 C reactive protein mean levels over time and their variation from
baseline. C reactive protein (CRP) variation from baseline, over time, in the two
groups. Δ CRP = mean CRP - mean CRP at baseline.

The evaluated clinical outcomes are summarized in
Table 2. A shorter time to resumption of oral food intake
(median 1 d, range 1-4 d and median 3 d, range 1-5
d for the study group and controls, respectively, p <
0.001) and a reduced length of in-hospital stay (median
5 d, range 3-6 and median 5.5 d, range 4-12 d for
the study group and controls, respectively, p = 0.03)
were observed in treated patients when compared to
controls.
Pain levels for both groups decreased rapidly from
baseline during in-hospital treatment; a difference in
favor of control patients was found on day 3 (mean
NRS score 1.1 ± 1.4 and 0.4 ± 1.1, study group and
controls, respectively, p = 0.05) while a trend towards
a more consistent analgesic consumption, though not
statistically significant, was observed in controls (Table
3).

Figure 1 represents CRP plasma levels over
time. A distinct trend towards a faster decrease of
this parameter can be evidenced in study patients
if compared to controls. This difference approached
statistical significance on day 2 (mean CRP 6.0 ± 4.2
mg/dl and 10.0 ± 6.7 mg/dl, in study group and
controls, respectively, p = 0.05).
We evaluated the variation of CRP levels over the
first three days (ΔCRP). This parameter represents the
differential between CRP measurements obtained daily
and expressed as a mean value for each group and
CRP at baseline. As shown in Figure 2, a significantly
greater increment of Δ CRP was observed in control
patients on day 1 (ΔCRP 1.4 ± 2.7 mg/dl and 4.7 ± 6.0
mg/dl in study group and controls, respectively, p =
0.03).
A similar trend towards a faster resolution of
inflammation was observed evaluating the total WBC
and neutrophile count, as described in Figures 3 and
4. Mean neutrophile levels were significantly lower in
treated patients on day 2 (p = 0.04) and on day 3 (p
= 0.01).

WJG|www.wjgnet.com
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Figure 3 white blood cells count. Mean white blood cells (WBC) count, over
time, in the two groups.

Study group

P = 0.03

0
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t /d

Figure 1 C reactive protein levels. Mean C reactive protein (CRP) levels,
over time, in the two groups.
20

3

DISCUSSION
The traditional pathogenic model for diverticular
disease has recently been challenged. Evidence exists
showing, in patients suffering from diverticular disease,
the presence of chronic microscopic and macroscopic
inflammatory alterations of the mucosa, similar to
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Table 2 Clinical outcomes
Study group

Time before recovery of bowel function (d)
Time before resumption of food intake (d)
Length of in-hospital stay (d)

Control group

(n = 20)
mean ± SD
Median (range)
1.9 ± 1.1
1.5 (1-4)
1.7 ± 0.9
1 (1-4)
4.7 ± 0.9
5 (3-6)

(n = 30)
mean ± SD
Median (range)
2.4 ± 1.7
3 (0-7)
3.1 ± 1.7
3 (1-5)
6 ± 2.1
5.5 (4-12)

P value1

0.29
< 0.001
0.03

1

Mann-Whitney test.

Table 3 Pain and analgesics consumption n (%)
Study patients

Pain (NRS score)

Analgesy

Day 1
Day 2
Day 3
Day 1
Day 2
Day 3

(n = 20)
Median (range)
mean ± SD
2 (0-7)
2.4 ± 2.1
1.5 (0-8)
1.9 ± 2.3
0 (0-3)
1.1 ± 1.4
11 (55)
13 (65)
7 (35)

Control patients
(n = 30)
Median (range)
mean ± SD
2 (0-8)
1.9 ± 2.1
0 (0-4)
0.9 ± 1.2
0 (0-5)
0.4 ± 1.1
22 (73.3)
19 (63.3)
14 (46.7)

P value

0.411
0.141
0.051
0.182
0.902
0.412

1

Mann-Whitney test; 2Date is χ 2 test. Analgesy represents the proportion of patients assuming pain medications.

those found in inflammatory bowel disease which
[24,25]
may contribute to the genesis of this condition
.
Moreover, a recent trial in acute uncomplicated
diverticulitis has shown a lack of effect of intravenous
antibiotics, suggesting a possible role of inflammation
in determining the genesis and the course of this
[13]
condition . For these reasons, a new interest has risen
for the potential use of anti-inflammatory medication in
such a setting.
A number of studies have shown that mesalamine
(alone or in combination with antibiotics) could
represent a promising therapeutic option for treating
chronic symptoms and preventing recurrence in
diverticular disease. Two four-armed open label
[15,16]
trials
have shown mesalamine to be more effective
than rifaximin in achieving symptomatic relief over
a 3 mo period. A randomized open label study by
[17]
Tursi et al
demonstrated an 85% reduction in
recurrent attacks of diverticulitis in patients treated
with a combination of mesalamine and rifaximine
as compared to rifaximine alone, a result which was
consistent with a previous open label study on the
effects of Mesalamine supplementation after a first
[18]
attack of acute diverticulitis . More recently, an
intermittent prophylaxis with Mesalamine was shown
to be more effective than placebo in controlling
chronic symptoms and to allow for a reduction in the
[19]
consumption of additional gastrointestinal drugs .
[20]
One large, randomized, placebo-controlled trial
employing a high dosage of mesalamine (3 g/d)
administered from the day of admission to patients
suffering from acute uncomplicated diverticulitis
showed, on a long term evaluation, a higher rate of
complete relief from chronic symptoms in patients

WJG|www.wjgnet.com

that had received mesalamine. Similar findings were
evidenced by a study of similar design that evaluated
the effects of a 2.4 g/die mesalamine administration
during a symptomatic flare of uncomplicated diveri
[22]
cular disease . The potential role of this drug in
modulating acute inflammatory response, however,
has not been further determined.
This retrospective cohort study is the first, to our
knowledge, to evaluate the impact of mesalamine
on early inflammatory response in uncomplicated
diverticulitis. As an acute-phase reactant, CRP is
strictly related to the inflammatory stimulus, its values
increase and decrease promptly due to its short half[26]
life . This parameter has been shown to be the best
marker in assessing response to therapy in acute
[27]
diverticulitis as well as a useful tool for diagnosis . It
also correlates with the severity of the disease and with
[28,29]
the presence of complications
. In our population
we observed baseline CRP levels comparable to those
described by other authors as well as a more rapid
decrease of the same levels, over time, in the study
group. The relative advantage for patients treated with
Mesalamine over patients that had received antibiotics
alone may be attributable to the anti-inflammatory
properties of Mesalamine and be conductible to a
preponderant pathogenic role of inflammation in acute
uncomplicated diverticulitis.The similar trend observed
over time for the WBC and neutrophile count seems to
offer further confirmation of this interpretation.
Data on the length of in-hospital stay and time to
resumption of oral food intake are not easly comparable
to other studies since they are strongly influenced by
local policies. Gastrointestinal transit is known to be
altered in a variety of mucosal inflammatory conditions
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of the gut. In vivo and in vitro studies suggest that
mediators such as interleukin 1β and interleukin 6,
modulation of the lymphocyte function via the major
histocompatibility complex Ⅱ and neural modulation
of intestinal inflammation through pro-inflammatory
[30]
molecules could all play a role in this phenomenon .
In light of these studies, the observed trend towards
an earlier recovery of bowel function and earlier
resumption of oral food intake in treated patients
may be attributable to a faster reduction of local
inflammation. This may possibly have ultimately led to
the earlier discharge of the patients. Several limitations
inherent in the study design, however, should be
taken into account when evaluating clinical outcomes.
The absence of randomization and blinding and the
lack of strict criteria for discharge may have led to an
overestimation of these results.
Our study did not show any advantage for study
patients over controls with reference to abdominal
pain scores. This was in contrast with two previous
[19,22]
studies
that showed that mesalamine may
relieve symptoms during symptomatic uncomplicated
diverticular disease (SUDD).This discrepancy might be
related to the different mechanisms that may underlie
pain generation in acute and in chronic settings.In fact,
it has been suggested that the pathogenesis of pain
in SUDD patients, could be related, at least in part,
[31]
to changes in neuromuscular function
secondary
to chronic low-grade inflammation rather than to an
acute inflammatory process. Moreover, the absence
of regulation of the concomitant use of analgesics has
[22]
already been cited as a potential confounding factor .
Their higher consumption in the control group may
have influenced the proportion of patients reporting
symptomatic improvement. A stricter definition of the
rules for the clinical management of patients, with
special reference to timing for discharge and re-feeding
and to criteria for pain assessment and antibiotic
prescription, would be useful when evaluating clinical
parameters.
Potential limitations inherent to the study design
were a possible selection bias and the limited sample
size. Nevertheless, these preliminary results suggest
that mesalamine may possibly be effective in treating
acute uncomplicated diverticulitis, allowing for a
faster recovery and for a more rapid decrease of
certain objective inflammatory markers. This could
possibly lead to an earlier discharge with benefit to the
patient and a reduction in health-care costs. Further,
randomized, placebo-controlled, double-blind trials are
needed to obtain confirmation.
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Background

Acute uncomplicated diverticulitis is the most common presentation of
symptomatic diverticular disease. At present, treatment consists in bowel
rest, broad-spectrum antibiotics and intravenous fluids, often in an in-hospital
setting. The clinical course is characterized by the progressive decrease of
inflammatory parameters and of local pain. Usually, the reintroduction of solid
food intake and the discharge of patients are decided on clinical basis.

Research frontiers

Recently, evidence has been provided showing similarities between acute
uncomplicated diverticulitis and inflammatory bowel diseases, supporting
the idea that local inflammation plays a key role in the pathogenesis of both
conditions. This suggests a potential role for anti-inflammatory compounds,
such as mesalamine, in this disease.

Innovations and breakthroughs

Despite the positive results observed in long-term mesalamine administration
in patients suffering from diverticular disease, the effects on inflammatory
parameters during the acute flare have not been thoroughly investigated so
far. In this retrospective analysis, the authors observed a beneficial effect of
mesalamine on inflammation, consisting in lower serum crp levels and in
their faster decrease in treated patients, if compared to controls. The earlier
resumption of solid food intake and the shorter hospital stay the authors
observed in treated patients, also seemed consistent with a faster resolution of
local inflammation.

Applications

This retrospective cohort study, despite the limitations intrinsic to the study
design and despite the limited sample size, has shown a potential role for
mesalamine administration in speeding the resolution of acute inflammation in
patients suffering from acute uncomplicated diverticulitis. This would allow for
shorter hospitalization with benefit to the patients and a reduction in health care
costs.

Terminology

Acute uncomplicated diverticulitis: Self-limited and confined inflammation of
diverticula in the absence of abscess, macroperforation, fistula or peritonitis.
Symptomatic uncomplicated diverticular disease: Symptomatic diverticulosis
characterized by abdominal symptoms (abdominal pain, particularly in the lower
left abdominal quadrant and alteration of bowel habits) without macroscopic
signs of inflammation (no mucosal inflammation on colonoscopy, no increase in
erythrocyte sedimentation rate or CRP, no fever).

Peer-review

The authors described the first experience in using high doses of mesalamine
in speeding resolution of acute uncomplicated diverticulitis on a retrospective
analysis. Authors found that mesalamine supplementation, when compared
to standard therapy alone, seemed to allow for a faster decrease of acute
inflammatory parameters and for a faster recovery of the patients. These results
are described for the first time and, despite the retrospective design of the
study, are of interest for clinical practice
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Abstract
AIM: To establish a clinical scoring model to predict
risk of acute-on-chronic liver failure (ACLF) in chronic
hepatitis B (CHB) patients.
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METHODS: This was a retrospective study of 1457
patients hospitalized for CHB between October 2008
and October 2013 at the Beijing Ditan Hospital, Capital
Medical University, China. The patients were divided
into two groups: severe acute exacerbation (SAE)
group (n = 382) and non-SAE group (n = 1075). The
SAE group was classified as the high-risk group based
on the higher incidence of ACLF in this group than in
the non-SAE group (13.6% vs 0.4%). Two-thirds of
SAE patients were randomly assigned to risk-model
derivation and the other one-third to model validation.
Univariate risk factors associated with the outcome
were entered into a multivariate logistic regression
model for screening independent risk factors. Each
variable was assigned an integer value based on
the regression coefficients, and the final score was
the sum of these values in the derivation set. Model
discrimination and calibration were assessed using area
under the receiver operating characteristic curve and
the Hosmer-Lemeshow test.
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the following four factors: age ≥ 40 years, total
bilirubin ≥ 171 µmol/L, prothrombin activity 40%-60%,
7
and hepatitis B virus DNA > 10 copies/mL. The sum
risk score ranged from 0 to 7; 0-3 identified patients
with lower risk of ACLF, whereas 4-7 identified patients
with higher risk. The Kaplan-Meier analysis showed
the cumulative risk for ACLF and ACLF-related death
in the two risk groups (0-3 and 4-7 scores) of the
primary cohort over 56 d, and log-rank test revealed
a significant difference (2.0% vs 33.8% and 0.8%
vs 9.4%, respectively; both P < 0.0001). In the
derivation and validation data sets, the model had
good discrimination (C index = 0.857, 95% confidence
interval: 0.800-0.913 and C index = 0.889, 95%
confidence interval: 0.820-0.957, respectively) and
calibration demonstrated by the Hosmer-Lemeshow
2
2
test (χ = 4.516, P = 0.808 and χ = 1.959, P = 0.923,
respectively).

alanine aminotransferase (ALT) levels, jaundice, and
coagulopathy, and has a cumulative incidence of
[2-5]
10%-30% annually . The exacerbations can be mild,
but some patients may progress to acute-on-chronic
[6,7]
liver failure (ACLF) and even death .
ACLF is a severe, life-threatening clinical syndrome
characterized by liver failure and is associated with
[8]
multiple end-organ failure . Liver transplantation is
the only definitive therapy available to salvage this
group of patients, however, this is not readily available
or feasible in many parts of the world where HBV is
highly endemic. Therefore, for early diagnosis and
treatment, it is necessary to determine the risk factors
and assess the risk of ACLF. However, global uniform
standards and correlation studies for predicting ACLF
occurrence are lacking.
In the present study, we analyzed the clinical data
of patients hospitalized for CHB at the Beijing Ditan
Hospital, Capital Medical University, China over a fiveyear period (from October 2008 to October 2013). The
aims of this study were to identify the independent risk
factors for ACLF, to develop a risk prediction model to
identify patients at an increased risk of ACLF, and to
facilitate implementation of preventive strategies.

CONCLUSION: Using the scoring model, clinicians can
easily identify patients (total score ≥ 4) at high risk of
ACLF and ACLF-related death early during SAE.
Key words: Acute-on-chronic liver failure; Chronic
hepatitis B; Prediction model; Risk score; Severe acute
exacerbation

MATERIALS AND METHODS

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

Study population

Patients with CHB hospitalized at the Beijing Ditan
Hospital, Capital Medical University, China, between
October 2008 and October 2013, were retrospectively
studied. The preliminary screening identified 1693
patients with ALT levels elevated to > 5 times the
upper limit of normal (ULN; 40 IU/L) with complete
clinical, laboratory, imaging, and follow-up data.
Patients who did not meet the research standards were
excluded (n = 236). A total of 1457 patients were
enrolled in the study and were subsequently divided
into either the SAE or non-SAE group (Figure 1).
Patients enrolled in the study had no coinfection
with hepatitis A, C, D, or E viruses or other viruses
including HIV, cytomegalovirus, and Epstein-Barr virus,
hepatocellular carcinoma (HCC), liver decompensated
cirrhosis, alcoholic liver disease, drug-induced hepatitis,
autoimmune hepatitis, Wilson disease, jaundice caused
by biliary obstruction, prolonged prothrombin time (PT)
induced by blood system disease, or serious diseases
involving other organ systems, and were not pregnant.

Core tip: Acute-on-chronic liver failure (ACLF) is a
severe life-threatening clinical syndrome characterized
by liver failure and associated with an extremely
high mortality if liver transplantation or artificial liver
support is not available. Early diagnosis might allow for
effective patient risk stratification and more appropriate
medical care. However, previous studies on severe
acute exacerbation of ACLF have focused on the clinical
outcomes, and global uniform standards and correlation
studies for predicting ACLF occurrence are lacking. We
developed a clinical scoring model to predict the risk of
ACLF early in patients with chronic hepatitis B.
Gao FY, Liu Y, Li XS, Ye XQ, Sun L, Geng MF, Wang R, Liu
HM, Zhou XB, Gu LL, Liu YM, Wan G, Wang XB. Score model
for predicting acute-on-chronic liver failure risk in chronic
hepatitis B. World J Gastroenterol 2015; 21(27): 8373-8381
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i27/8373.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i27.8373

Diagnostic criteria of SAE and ACLF

The inclusion criteria for the present study were based
[9]
on those proposed by Fujiwara et al and Wang et
[10]
al
and the consensus recommendations of the
Asian Pacific Association for the Study of the Liver
[11]
(APASL 2008; India) , with minor modifications.
The criteria for SAE of CHB were as follows: (1)
presence of hepatitis B surface antigen for > 6 mo
before hospitalization; (2) ALT > 5 × ULN (200

INTRODUCTION
Chronic hepatitis B (CHB) is a significant global health
[1]
threat with more than 350 million people infected .
In the natural history of chronic hepatitis B virus
(HBV) infection, severe acute exacerbation (SAE) is
not uncommon. It is characterized by high serum
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2008/10-2013/10
1693 hospitalized patients with chronic
hepatitis B

Excluded:
153 decompensated cirrhosis
54 liver failure at admission
11 hepatocellular carcinoma
4 biliary obstruction
9 pregnancy
5 other (HAV, HCV)

1457 patient enrolled

382 SAE
TBil ≥ 5ULN or PTA 40%-60%

1075 Non-SAE
TBil < 5 ULN and PTA > 60%

4 ACLF

1 death

1071 Non-ACLF

3 survival

52 ACLF

15 death

330 Non-ACLF

37 survival

Figure 1 Outline of the screening and case selection protocol. ACLF: Acute-on-chronic liver failure; CHB: Chronic hepatitis B; HAV: Hepatitis A virus; HCV:
Hepatitis C virus; PTA: Prothrombin activity; SAE: Severe acute exacerbation; ULN: Upper limit of normal.

first diagnosis from computerized and paper medical
records. In addition, the severity of liver disease was
assessed using the Model for End-Stage Liver Disease
(MELD) score and the Child-Turcotte-Pugh (CTP)
score. The MELD score was calculated according to the
following formula: MELD score = 3.78 × ln[TBil (mg/
dL)] + 11.2 × ln[INR] + 9.57 × ln[Cr (mg/dL)] + 6.43
× (constant for liver disease etiology = 0 if cholestatic
[12]
or alcoholic, otherwise = 1) . The modified CTP
score included five parameters: TBil level, albumin
level, PT, and the presence and severity of ascites and
[13]
encephalopathy .

IU/L); and (3) total bilirubin (TBil) ≥ 5 × ULN (85
µmol/L) or prothrombin activity (PTA) 40%-60%.
ACLF was defined as the recent development of
jaundice (TBil ≥ 5 × ULN) and coagulopathy [PTA
< 40% or international normalized ratio (INR) of PT
≥ 1.5], complicated within 4 wk by ascites and/or
encephalopathy in a patient with previously diagnosed
or undiagnosed chronic liver disease.

Treatment schedule

All patients received standard medical treatment
except for liver transplantation, including bed rest,
liver-protective treatment, energy supplements
and vitamins, intravenous infusion of plasma and
albumin, maintaining water-electrolyte and acid-base
equilibrium, and preventing and treating complications.
Antiviral therapy, including lamivudine, adefovir
dipivoxil, entecavir, or telbivudine, was administered
according to HBV replication levels, financial condition,
and the willingness of the patient.

Statistical analysis

Statistical analysis to identify risk factors was performed
using SPSS version 19.0 (IBM Corp., Armonk, NY,
United States). Patient characteristics were compared
between patients with and without ACLF and between
the derivation and validation samples using the
χ 2 or Fisher’s exact tests for categorical variables
and the t test or Mann-Whitney U test for variables
with an abnormal distribution. Percentages were
reported to describe categorical variables, mean ±
SD were reported to describe the normally distributed
continuous variables, and medians with interquartile
ranges were reported for continuous variables with
skewed distributions. Logistic regression analysis was
used for multivariate analysis. In the development
of risk prediction models for ACLF, the regression
coefficients of the predictors were converted to integer

Candidate predictor variables

Retrospectively collected data included patient
demographics; clinical and laboratory variables
including PT, PTA, INR, white blood cell count, neutro
phil count, lymphocyte count, serum potassium,
sodium, creatinine, alpha-fetoprotein, aspartate transa
minase, ALT, TBil, albumin, cholinesterase, hepatitis
B e antigen, and HBV DNA levels; and imaging
findings. Baseline data were the data obtained at the
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risk scores by rounding the quotient from dividing the
regression coefficients, and the final score was the sum
of these values. Model discrimination and calibration
were assessed using the area under the receiver
operating characteristic (ROC) curve (C statistic) and
the Hosmer-Lemeshow test. The cutoff sensitivity
and specificity of the risk score were calculated, and
the patients were divided into high-risk and lowrisk groups. The Kaplan-Meier method was used to
compare the cumulative risk for ACLF and death in
the two groups, and the significance of difference was
tested with the log-rank test. P < 0.05 was considered
statistically significant.
The statistical methods of this study were reviewed
by Gang Wan from the Statistics Section of Beijing
Ditan Hospital, Capital Medical University.

> 0.05). All the risk predictors included in the risk
prediction model were significantly associated with
outcome on forward logistic regression analyses (P
< 0.05). The regression coefficients of the predictors
in the risk prediction model were converted into
integer risk scores (Table 3). We arbitrarily assigned
the regression coefficient of 1.128 associated with
age ≥ 40 years as equivalent to one risk point, and
divided each regression coefficient associated with the
different risk factor levels by 1.128 to determine the
number of risk points (rounded to one digit). The risk
score was the sum of the risk points from each of the
four risk factors in the range of 0 to 7. At the cutoff
point of 4 determined by ROC analysis, sensitivity
and specificity for ACLF occurrence were 88.6% and
72.2%, respectively, at the maximum Youden index.
The sum risk scores of 0-3 identified patients at lower
risk of ACLF (0%-4.7%), whereas the sum risk scores
of 4-7 identified patients at higher risk (26.0%-68.8%).
The score distributions in the derivation, validation,
and all patient populations were examined. Scores 6
and 7 were collapsed into a single category because of
the small number of patients in the score category of
7 (Figure 2A). The Kaplan-Meier analysis showed the
cumulative risk for ACLF in the two risk groups (0-3
and 4-7) of the primary cohort over 56 d, and log-rank
test revealed a significant difference (2.0% vs 33.8%,
P < 0.0001) (Figure 2B).
The relationship of the score model and ACLFrelated death was also evaluated. We observed that
the mortality rate gradually increased with increasing
score, from 0% in scores 0-2, 3.1% in score 3,
8.1% in score 4, and 10.5% in score 5, to 11.1% in
scores 6 and 7, in the primary cohort (Figure 3A).
The cumulative risk of ACLF-related death was also
significantly higher in the high-risk group (4-7) than
that in the low-risk group (0-3) (P < 0.0001) (Figure
3B).

RESULTS
Patient characteristics

Of the 1693 patients who were seropositive for
hepatitis B surface antigen at the time of study entry,
the following were excluded by imaging (abdominal
ultrasound, CT, and magnetic resonance imaging):
153 with liver decompensated cirrhosis, 54 with liver
failure at admission, 11 with HCC, four with biliary
obstruction, and nine who were pregnant. Patients
coinfected with hepatitis A virus (n = 2), and hepatitis
C virus (n = 3) were excluded using serologic assays.
A total of 1457 patients were enrolled in the study.
Patients were divided into SAE (n = 382) and nonSAE (n = 1075) groups. In the non-SAE group,
4/1075 (0.37%) patients progressed to ACLF after
admission to the hospital. However, in the SAE group,
52/382 (13.61%) patients developed ACLF (Figure
1). Additionally, the mean number of days between
hospital admission and development of ACLF was 9 d
(range, 2-34 d), and the rate of ACLF-related death
(n = 15) was 28.8% in the SAE group. The ACLF
incidence was significantly higher in the SAE group
than in the non-SAE group (P < 0.001) (Figure 1).
Given the low incidence of ACLF in the non-SAE
group, we mainly focused on the SAE group. Using
univariate analysis, we compared patients with ACLF
to those without ACLF in the SAE group and found that
they were older, had worse underlying diseases, had
lower PTA and albumin and sodium levels, and higher
TBil and HBV DNA levels (Table 1). With multivariate
analysis of the primary cohort, only age ≥ 40 years,
TBil ≥ 171 µmol/L (10 × ULN), PTA 40%-60%, and
7
HBV DNA > 10 copies/mL remained independent risk
factors for ACLF (Table 2).

Validation of risk prediction model

The prediction model discriminated patients who
developed ACLF from those who did not using the
C index of 0.857 in the derivation cohort [95%
confidence interval (CI): 0.800-0.913] and 0.889
in the validation cohort (95%CI: 0.820-0.957).
Model calibration was also good in both groups, as
2
demonstrated by the Hosmer-Lemeshow test (χ
2
= 4.516, P = 0.808, and χ = 1.959, P = 0.923,
respectively). Moreover, we used the area under the
ROC curve to compare the predictive value of this
score model with MELD and CTP scores. As shown in
Figure 4A, the C index was 0.857 for our score model
in the derivation cohort, 0.601 for MELD, and 0.593 for
CTP. In the validation cohort, the C index was 0.889
for our score model, 0.632 for MELD, and 0.646 for
CTP (Figure 4B). This indicates that this score model
was superior to MELD or CTP score in estimating the
risk of ACLF.

Derivation of risk prediction model

All patients with SAE were randomly allocated into the
model derivation and validation sets at a 2:1 ratio.
ACLF risk predictors at study entry were comparable
between the model derivation and validation sets (P
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Table 1 Baseline characteristics of the study cohort
Variables
Demographics
Sex
Female
Male
Age (yr)
< 40
≥ 40
Underlying disease
HBV carriers
CHB
Compensatory cirrhosis
Biochemical indicators
ALT (U/L)
AST (U/L)
TBil (μmol/L)
< 171
≥ 171
PTA (%)
> 60
50.1-60
40-50
ALB4 (g/L)
CHE (U/L)
K (mmol/L)
Na (mmol/L)
Cr5 (µmol/L)
Virology indicators
HBeAg6 (IU/mL)
Negative
Positive
HBV DNA (copies/mL)
< 106
106-107
> 107

P value

Total
(n = 382)

Non-ACLF
(n = 330)

ACLF
(n = 52)

60 (15.7)
322 (84.3)

49 (14.8)
281 (85.2)

11 (21.2)
41 (78.8)

0.2452

226 (59.2)
156 (40.8)

207 (62.7)
123 (37.3)

19 (36.5)
33 (63.5)

< 0.0012

98 (25.7)
255 (58.9)
29 (7.6)

93 (28.2)
217 (65.8)
20 (6.0)

5 (9.6)
38 (73.1)
9 (17.3)

0.0012

746.9 (338.1, 1229.0)
448.0 (217.7, 836.1)

754.2 (361.6, 1215.7)
432.5 (216.1, 806.9)

644.4 (324.9, 1430.6)
529.4 (273.8, 960.9)

0.9243
0.0913

234 (61.3)
148 (38.7)

210 (63.6)
120 (36.4)

24 (46.2)
28 (53.8)

0.0162

184 (48.1)
124 (32.5)
74 (19.4)
37.2 ± 4.8
4801.8 ± 1645.5
3.91 ± 0.44
138.7 ± 2.9
67.6 ± 14.5

181 (54.8)
100 (30.3)
49 (14.9)
37.4 ± 4.6
4864.2 ± 1559.1
3.92 ± 0.44
138.8 ± 2.9
67.6 ± 12.7

3 (5.8)
24 (46.1)
25 (48.1)
36.0 ± 5.3
4666.2 ± 1840.4
3.90 ± 0.41
137.6 ± 2.8
67.1 ± 22.7

< 0.0012

0.0431
0.4201
0.8261
0.0041
0.8131

88 (23.0)
280 (73.3)

73 (22.1)
243 (73.6)

15 (28.8)
37 (71.2)

0.3682

153 (40.1)
104 (27.2)
125 (32.7)

144 (43.6)
93 (28.2)
93 (28.2)

9 (17.3)
11 (21.2)
32 (61.5)

< 0.0012

Data are presented as mean ± SD, n (%), or median (interquartile range). 1t test; 2χ 2 test or Fisher’s exact test; 3Mann-Whitney U test; 4One missing data;
5
Eight missing data; 6Fourteen missing data. ACLF: Acute-on-chronic liver failure; CHB: Chronic hepatitis B; ALB: Albumin; ALT: Alanine transaminase;
AST: Aspartate transaminase; HBV: Hepatitis V virus; HBeAg: Hepatitis B e antigen; TBil: Total bilirubin; PTA: Prothrombin activity; ALB: Albumin; CHE:
Cholinesterase; K: Potassium; Na: Sodium; Cr: Creatinine.

DISCUSSION

Table 2 Forward multivariate logistic regression analysis of
significant variables
Variables

Odds ratio

Age (yr)
< 40
≥ 40
TBil (µmol/L)
< 171
≥ 171
PTA (%)
> 60
50.1-60
40-50
HBV DNA (copies/mL)
< 106
106-107
> 107

95%CI

There is increasing interest in predicting the probability
of adverse events for various medical purposes.
Accurately predicting the probability of adverse events
allows for effective patient risk stratification, thus
permitting more appropriate medical care. It is well
established that SAE of CHB may lead to liver failure
[6,7]
with potential severe and even lethal consequences .
An estimated 40%-50% of hepatitis B e-antigenpositive patients can undergo the immune clearance
[14]
phase and partly develop SAE . A three-month
mortality has been reported in > 50% of cases of HBV[15,16]
ACLF without liver transplantation
. The majority
of the research on SAE or ACLF focuses on the
clinical outcomes; epidemiologic data regarding the
progression of SAE to ACLF, for use in predicting the
ACLF risk, are poorly documented.
This study is believed to be the first to focus on the
occurrence and prediction of ACLF. Our data showed

P value

Lower

Upper

Reference
2.859

1.399

5.840

0.004

Reference
2.894

1.408

5.946

0.004

Reference
10.19
26.285

2.894
7.311

35.882
94.499

< 0.001
< 0.001

Reference
1.929
7.15

0.691
2.918

5.389
17.523

0.210
< 0.001

HBV: Hepatitis V virus; CI: Confidence interval; PTA: Prothrombin
activity; TBil: Total bilirubin.
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A

Table 3 Regression coefficients and integer risk scores of
acute-on-chronic liver failure predictors estimated from the
derivation set
P value

Regression
coefficient

Age ≥ 40 (yr)
TBil ≥ 171 (µmol/L)
PTA (%)
50.1-60
40-50
HBV DNA > 107 (copies/mL)
Overall risk level
Low risk
High risk

1.128
1.237

0.010
0.007

2.158
2.868
1.946
ACLF rate
0%-4.7%
26.0%-68.8%

0.001
< 0.001
< 0.001

Risk score
1
1
2
3
2
Total score
0-3
4-7

Validation
All patients

ACLF (%)

60

40

20

B

50

1
0/46
0/16
0/62

2
1/37
0/23
1/60

3
2/43
2/22
4/65

4
13/50
4/24
17/74

5
8/26
4/12
12/38

Cumulative risk for ACLF (%)

40

30

20
Log rank

P < 0.0001

0

14

28

t /d

42

56

Figure 2 Risk for acute-on-chronic liver failure in patients with severe
acute exacerbation with different scores. A: The bars show the proportion of
acute-on-chronic liver failure (ACLF) for each score category in the derivation,
validation, and all-patient populations; B: Kaplan-Meier method compared the
cumulative risk for ACLF between the low-risk (0-3 scores) and high-risk (4-7
scores) groups in the all-patient cohort.

that 13.6% (52/382) of SAE patients progressed to
ACLF and that 28.8% (15/52) of those died of ACLF-

WJG|www.wjgnet.com

3.1%

0
0/57

1
0/62

2
0/60

3
2/65

4
6/74

5
4/38

6/7
3/27

Low-risk (0-3 scores)

10

High-risk (4-7 scores)
8
6
4
Log rank

2
0

P < 0.0001
0

14

28

t /d

42

56

related causes within 56 d. In patients hospitalized for
SAE receiving early intervention, the ACLF mortality
rate in the present study decreased by > 14.5%
compared to the ACLF mortality rate (43.3%) in
[17]
our previous study . Univariate and multivariate
analyses identified the following four early warning
and monitoring indicators: age ≥ 40 years, TBil ≥
171 µmol/L (10 × ULN), PTA 40%-60%, and HBV DNA
7
> 10 copies/mL. We developed a risk score prediction
model after ascribing different weights to each factor.
Using these routinely available clinical data, the model
facilitated identification of patients (total score ≥ 4) at
high risk for ACLF and ACLF-related death early in the
course of SAE.
Several prognostic models of liver failure outcome
include age as an important epidemiologic risk
[18]
factor . The most widely used prognostic model, the
King’s College Hospital criteria, includes age ≥ 40
years as an indicator of adverse outcome in patients
[19]
with a non-acetaminophen etiology . To date, how
the liver is affected by increasing age has not been
[20]
fully elucidated ; however, some studies have

High-risk (4-7 scores)

0

4

Figure 3 Risk for acute-on-chronic liver failure-related death of patients
with severe acute exacerbation with different scores. A: The bars show
the proportion of acute-on-chronic liver failure (ACLF)-related death for each
score category in the all-patient cohort; B: Kaplan-Meier method compared the
cumulative risk of ACLF-related death between the low-risk (0-3 scores) and
high-risk (4-7 scores) groups in the all-patient cohort.

6/7
11/16
7/11
18/27

Low-risk (0-3 scores)

10

6

B

Derivation

0
Risk score
0
Derivation 0/37
Validation 0/20
All patients 0/57

8.1%

8

0
Risk score
All patients

Cumulative risk of ACLF-related death (%)

80

11.1%

2

The regression coefficient 1.128 is considered as one risk point. ACLF:
Acute-on-chronic liver failure; HBV: Hepatitis V virus; PTA: Prothrombin
activity; TBil: Total bilirubin.

A

10.5%
10

ACLF-related death (%)

ACLF predictors

12
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B

ROC curve

1.0

0.8

0.6

0.6

0.4
Present score (0.857)
MELD score (0.601)
CTP score (0.593)
Reference line

0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

ROC curve

1.0

0.8

Sensitivity

Sensitivity

A

0.4
Present Score (0.889)
MELD Score (0.632)
CTP Score (0.646)
Reference line

0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 4 Area under the receiver operating characteristic curves of different score models for patients with severe acute exacerbation in the derivation
and validation sets. A: C indices for the score model in the derivation cohort; B: C indices for the score model in the validation cohort. CTP: Child-Turcotte-Pugh;
MELD: Model for End-Stage Liver Disease.

confirmed that liver volume and hepatic blood flow
[21]
decrease and hepatic metabolism and hepatocyte
[22,23]
morphology change
with aging. In our study, we
observed that patients ≥ 40 years of age were more
likely to progress to ACLF.
The main mechanisms of hepatocellular jaundice
are the decreased ability of cytosolic unconjugated
bilirubin-binding proteins (e.g., ligandin) and UDPglucuronic acid transferase to take up and bind cytosolic
unconjugated bilirubin. In addition, other processes
such as hepatocellular and hepatic lobule damage that
cause exudative and edema-like lesions, could reduce
[24]
the excretion of conjugated bilirubin . As such, serum
bilirubin level is an important indicator of the extent of
hepatocellular damage and necrosis. The results of this
study demonstrate that patients with higher TBil levels
(≥ 171 µmol/L; 10 × ULN) had a higher relative risk
of ACLF onset.
PTA is recognized as a reliable marker of the protein
synthetic function of the liver and, thus, a marker of
the hepatic functional reserve. It is included in many
authorized criteria for the diagnosis of liver failure
and is used as an indication for liver transplantation
worldwide. However, it is rarely applied to predict
[12,25,26]
ACLF risk
. In classifying the PTA of SAE patients,
we found that a PTA of 40%-60% was an important
independent risk factor for ACLF. In particular, the
risk score of 40%-50% PTA was triple that of other
independent risk factors, including age and TBil level.
Pretreatment HBV DNA level was closely related to
[27-30]
cirrhosis and HCC
, and could also be attributed
to the enhanced immune response in SAE, which led
to massive hepatocellular necrosis and clearance of
the majority of HBV. The results of aggravated liver
injury and decreased liver reservation could increase
[31]
the chance of mortality. Jeng et al found that serum
HBV DNA level was the only significant risk factor for
predicting hepatic decompensation in patients with
[32]
acute exacerbation of CHB. Hsu et al
observed that
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pretreatment HBV DNA level stratified the risk of death
in patients with SAE of CHB before the manifestation
of overt liver failure. Consistent with these previous
studies, our analysis identified that patients in the
ACLF group tended to have a higher viral load; the risk
7
score of HBV DNA ≥ 10 copies/mL was double that of
other independent risk factors including age and TBil
level, highlighting the significance of pretreatment HBV
DNA level in predicting ACLF risk.
A potential limitation of this study was that it was
a retrospective, single-center study. Stratification
of continuous variables as well as conversion of the
regression coefficients to score point values, although
necessary for clinical practicality, could be assumed to
have resulted in a loss of information and decreased
model accuracy. Therefore, larger, prospective,
randomized studies are required to confirm the results.
In conclusion, a risk score model using routinely
collected clinical data to predict the risk of ACLF and
ACLF-related death in patients hospitalized with
SAE of CHB has excellent prediction accuracy and
discriminatory ability. This model might be useful as
a tool in identifying those patients at the highest risk
of ACLF and in guiding monitoring and treatment
decisions.
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Abstract
AIM: To evaluate tumor necrosis factor-α converting
enzyme (TACE) methylation status in patients with
chronic hepatitis B (CHB).

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.

METHODS: Eighty patients with hepatitis B e antigen
(HBeAg)-positive CHB, 80 with HBeAg-negative CHB,
and 40 healthy controls (HCs) were randomly enrolled in
this study. Genomic DNA was extracted from peripheral
blood mononuclear cells and methylation status of
TACE promoter was determined by methylation-specific
polymerase chain reaction. The clinical and laboratory
parameters were collected.
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data sharing.
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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RESULTS: One hundred and thirty of 160 patients with
CHB (81.25%) and 38 of 40 HCs (95%) displayed TACE
promoter methylation. The difference was significant
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2

(χ = 4.501, P < 0.05). TACE promoter methylation
frequency in HBeAg-positive CHB (58/80, 72.5%) was
significantly lower than that in HBeAg-negative CHB
2
2
(72/80, 90%; χ = 8.041, P < 0.01) and HCs (χ =
8.438, P < 0.01). However, no significant difference was
observed in the methylation frequency between HBeAg2
negative CHB and HCs (χ = 0.873, P > 0.05). In the
HBeAg-positive group, TACE methylation frequency
was significantly negatively correlated with HBeAg (r =
-0.602, P < 0.01), alanine aminotransferase (r = -0.461,
P < 0.01) and aspartate aminotransferase (r = -0.329,
P < 0.01).

the progression of HBV infection. However, there has
been no sensitive and effective model for predicting
the occurrence of HBeAg seroconversion until now.
DNA methylation is one of the most important
epigenetic mechanisms, which denotes the addition of
a methyl group to DNA. It is widespread in the human
genome and mainly occurs at cytosine adjacent to
[8]
guanine (CpG dinucleotides) . DNA methylation in
gene promoter regions often results in long-term
[9]
silencing of gene expression . Meanwhile, aberrant
promoter demethylation is usually associated with
overexpression of genes that might participate in
[10]
pathogenesis of many diseases . Previous studies
demonstrated that aberrant demethylation in the
promoter region of genes occurs in many diseases and
[11,12]
may be used as a biomarker
.
Tumor necrosis factor (TNF)-α-converting enzyme
(TACE) is a modular transmembrane protein with a
[13]
zinc-dependent catalytic domain . The main function
of TACE is to mediate cleavage of substrates such
[13-15]
as TNF-α, TNF receptor type Ⅰ and type Ⅱ
. It is
well documented that the overexpression of TACE is
associated with several human diseases, including
liver cancer. The human TACE promoter has not been
definitely characterized to date. In the present study,
we recognized the region within 2000 bp upstream
of the transcriptional initiation site as a presumptive
promoter region for the TACE gene, as reported
[16-18]
previously
. GenBank indicates that there are four
CpG islands located on the TACE promoter sequence
(Figure 1). Therefore, aberrant demethylation of
the TACE gene promoter may occur in patients with
chronic hepatitis B (CHB) and may be associated with
disease progression.
In this study, we determined the methylation status
of the TACE promoter in patients with HBeAg-positive
CHB, HBeAg-negative CHB and healthy controls (HCs),
and evaluated the relationship between TACE promoter
methylation status and clinical features.

CONCLUSION: Patients with HBeAg-positive CHB
have aberrant demethylation of the TACE promoter,
which may potentially serve as a biomarker for HBeAg
seroconversion.
Key words: Tumor necrosis factor-α converting enzyme;
Methylation; Chronic hepatitis B; Methylation-specific
polymerase chain reaction; Biomarker
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We retrospectively recruited 80 patients with
hepatitis B e antigen (HBeAg)-positive chronic hepatitis
B (CHB), 80 with HBeAg-negative CHB, and 40 healthy
controls. We evaluated tumor necrosis factor-α con
verting enzyme (TACE) promoter methylation status
in peripheral blood mononuclear cells and analyzed
the association between TACE methylation status and
clinical features. Aberrant demethylation of the TACE
promoter in HBeAg-positive CHB was associated with
high HBeAg, alanine aminotransferase and aspartate
aminotransferase levels. These findings imply that
demethylation of the TACE promoter may potentially
serve as a biomarker for HBeAg seroconversion.
Wang ZL, Gao S, Li XY, Sun FK, Li F, Fan YC, Wang K.
Demethylation of tumor necrosis factor-α converting enzyme
promoter associated with high hepatitis B e antigen level
in chronic hepatitis B. World J Gastroenterol 2015; 21(27):
8382-8388 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i27/8382.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8382

MATERIALS AND METHODS
Patients and controls

Eighty patients with HBeAg-positive CHB, 80 with
HBeAg-negative CHB and 40 HCs were randomly
enrolled from July 2012 to June 2014 at the Depart
ment of Hepatology, Qilu Hospital of Shandong
University, China. Chronic HBV infection was defined as
the presence of hepatitis B surface antigen (HBsAg) for
[2]
> 6 mo prior to the beginning of this study . The HCs
were recruited from among eligible blood donors, who
had no history of liver diseases. Patients were excluded
if they met any of the following criteria: (1) coinfection with hepatitis C virus or HIV; (2) other liver
diseases such as autoimmune hepatitis and alcoholic
hepatitis; (3) receiving antioxidant agent or interferon
therapy; (4) pregnancy; (5) decompensated liver
disease or HCC. Prior to sample collection, informed
consent was obtained from each participant and the

INTRODUCTION
Hepatitis B virus (HBV) has chronically infected >
350 million people throughout the world and results
[1,2]
in 500000 to 700000 deaths annually . China has
an estimated 120 million people chronically infected
[3]
with HBV . Nearly 15%-40% of HBV carriers will
progress to life-threatening complications including
[4]
[5]
liver cirrhosis , decompensated liver disease , or
[6,7]
hepatocellular carcinoma (HCC)
. Hepatitis B e
antigen (HBeAg) seroconversion is a crucial step during

WJG|www.wjgnet.com

8383

July 21, 2015|Volume 21|Issue 27|

Wang ZL et al . HBeAg level in CHB
TACE gene

-2000

Gene promoter
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CpG island 1
-1817 to -1706

+1000

+1

CpG island 4
-355 to +436

Figure 1 Gene structure and methylation-specific polymerase primer set for TACE gene. TACE: Tumor necrosis factor-α converting enzyme.

of the TACE gene (Figure 1). MSP was performed in a
total volume of 25 μL containing 1 μL bisulfite-treated
DNA, 0.5 μL of each primer (10 μmol/L), 10.5 μL
nuclease-free water, and 12.5 μL Premix Taq (Zymo
Research, Irvine, CA, United States), which consisted
of Taq DNA polymerase, reaction buffer, and dNTP
mixture. The PCR protocol was composed of an initial
denaturation at 95 ℃ for 10 min, followed by 45 cycles
of denaturation at 95 ℃ for 30 s, annealing at 56 ℃ for
40 s, and primer extension at 72 ℃ for 40 s; followed
by final extension at 72 ℃ for 10 min. Water blank
without DNA was used in each round of PCR. PCR
products were electrophoresed on a 2% agarose gel,
stained with ethidium bromide, and visualized under
UV illumination.

Table 1 Primers for methylation-specific polymerase chain
reaction of the tumor necrosis factor-α converting enzyme
gene
Primer
name
M
U

Primer sequence (5’-3’)

F: GGAGTTTGAGATTAGTTTGGTTAAC
R: TAAACACCTCCTAAATTTAAACGAT
F: AGGAGTTTGAGATTAGTTTGGTTAATG
R: TAAACACCTCCTAAATTTAAACAAT

Product Annealing
tempera
size
ture (℃)
(bp)
146

56

147

56

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

study was approved by the local Ethics Committee of
Qilu Hospital of Shandong University.

Clinicopathological data collection

Peripheral blood mononuclear cells isolation and DNA
extraction

Fasting venous blood was collected from each subject.
HBeAg was detected by an automatic analyzer (Cobas
6000; Roche Diagnostics, Basel, Switzerland). The HBV
DNA level was measured by a real-time PCR system
(ABI 7300; Applied Biosystems, Foster City, CA, United
States). The serum biochemical markers (Cobas
Integra 800; Roche Diagnostics, Mannheim, Germany)
included alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL), albumin,
and creatinine. Hemostasis markers (ACL TOP 700,
Instrument Laboratory, Lexington, MA, United States)
included prothrombin time-international normalized
ratio (PT-INR), and prothrombin time activity (PTA).
These markers were measured using standard metho
dologies in the Department of Laboratory Medicine,
Qilu Hospital, Shandong University, China.

Peripheral blood mononuclear cells (PBMCs) were
isolated using gradient centrifugation via Ficoll-Paque
(Pharmacia Diagnostics, Uppsala, Sweden) and stored
at -20 ℃ until use. Genomic DNA was extracted from
PBMCs using QIAamp DNA Blood Mini Kit (Qiagen,
Valencia, CA, United States) and stored at -20 ℃.

Sodium bisulfite modification and methylation-specific
polymerase chain reaction

Extracted DNA was treated with sodium bisulfite
using an EZ DNA methylation kit (Zymo Research,
Orange, CA, United States) and then used to perform
methylation-specific polymerase chain reaction (MSP).
Methylated and unmethylated primers specific for
TACE promoters were designed using MethPrimer
[19]
(Table 1) . There were four CpG islands in the
promoter region of the TACE gene. The reasons for
choosing this area included: (1) the primers contained
at least one CpG site at the 3’-end; (2) the primers in
the M pair and U pair contained the same CpG sites
within their sequence; and (3) two sets of primers had
similar product Tm values, which were 68.1 ℃ for the M
[18]
pair and 67.3 ℃ for the U pair . The selected primer
sets were used to amplify the bisulfite-modified DNA
in our study. The M pair primers amplified the -1831
to -1686 site of the 5’-UTR of the TACE gene (+1 for
the transcriptional start site). Meanwhile, the U pair
primers amplified the -1832 to -1686 site of the 5’-UTR

WJG|www.wjgnet.com

Statistical analysis

Quantitative variables are expressed as the mean
th
th
(24 -75 percentiles). Categorical variables are
expressed as number (percentage). Statistical analyses
were performed with SPSS version 16.0 (SPSS Inc.,
Chicago, IL, United States). Categorical variables
2
were compared by χ test. Quantitative variables were
compared by Student’s t test or Mann-Whitney U test.
Spearman correlation coefficients were calculated
to evaluate correlations between TACE methylation
status and clinicopathological parameters. All statistical
analyses were two-sided and P < 0.05 was considered
statistically significant. The statistical methods of
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RESULTS

269 participants screened
+

Basic characteristics

-

6 HBeAg CHB and 4 HBeAg
CHB patients were excluded
for not consent to this study

From June 2012 to July 2014, 269 participants (112
HBeAg-positive CHB patients, 117 HBeAg-negative
CHB patients, and 40 HCs) were screened at the
Department of Hepatology, Qilu Hospital. Six HBeAgpositive CHB patients and four HBeAg-negative
patients were excluded for not giving consent to the
study. Twenty-six HBeAg-positive CHB patients were
excluded because of other liver diseases (n = 20) or
incomplete clinical data (n = 6). Thirty-three HBeAgnegative CHB patients were excluded because of
other liver diseases (n = 25) or incomplete clinical
data (n = 8), leaving 200 participants. In the enrolled
participants, there were 80 patients in the HBeAgpositive group, 80 in the HBeAg-negative group, and
40 in the HC group (Figure 2). The basic characteristics
of the enrolled subjects are summarized in Table 2.

259 participants assessed

+

26 HBeAg CHB patients were
excluded for:
Other liver diseases (20)
Incomplete clinical data (6)
-

33 HBeAg CHB patients were
excluded for:
Other liver diseases (25)
Incomplete clinical data (8)

200 participants enrolled

Methylation status of TACE promoter in CHB and HCs
+

-

HBeAg CHB
n = 80

HBeAg CHB
n = 80

The methylation status of the TACE promoter was
determined in PBMCs of all participants (Figure 3).
One hundred and thirty of the 160 patients with CHB
(81.25%) and 38 of the 40 HCs (95%) displayed
aberrant TACE promoter methylation and the difference
2
was significant (χ = 4.501, P < 0.05). TACE promoter
methylation frequency in the HBeAg-positive CHB
group (58/80, 72.5%) was significantly lower than
2
that in the HBeAg-negative CHB (72/80, 90%; χ
2
= 8.041, P < 0.01) and HC (χ = 8.438, P < 0.01)
groups. However, no significant difference could be
observed in the methylation frequency between the
2
HBeAg-negative CHB and HC groups (χ = 0.873, P >
0.05) groups.

HCs

n = 40

Figure 2 Flow diagram of the participant selection process. HBeAg:
Hepatitis B e antigen; CHB: Chronic hepatitis B; HC: Healthy control.

Table 2 Baseline characteristics of the enrolled participants
+

Variable

HBeAg CHB group

Number
Age (yr)
Male sex, n
(%)
HBeAg
Log10 (HBV
DNA)
ALT (U/L)
AST (U/L)
TBIL
(μmol/L)
ALB (g/L)
Cr (μmol/L)
PT-INR
PTA (%)
Methylation,
n (%)

80
41.50 (33.25-51.0)
57 (71.25)
132.85 (24.30-512.12)
5.23 (3.90-6.41)

-

HBeAg CHB
group

HC group

80
40
45.00 (33.25-52.0) 36.50 (31.0-44.50)
53 (66.25)
28 (70.00)
NA
3.08 (0.0-5.43)

NA
NA

189.50 (78.25-441.75) 91.50 (44.0-236.50)
106.0 (46.0-287.75) 56.50 (30.0-108.75)
16.95 (11.10-20.0) 18.75 (15.00-21.18)

NA
NA
NA

44.85 (42.83-48.48) 45.56 (42.05-49.38)
63.0 (53.0-75.50)
64.00 (56.0-77.75)
1.02 (0.99-1.09)
1.01 (0.96-1.05)
81.50 (71.25-93.0)
87.0 (80.0-102.0)
58 (72.5)
72 (90)

NA
NA
NA
NA
38 (95)

Correlation between TACE promoter methylation and
clinicopathological features

In the HBeAg-positive CHB group, there was a negative
correlation between TACE promoter methylation and
HBeAg (r = -0.602, P < 0.01), ALT (r = -0.461, P <
0.01) and AST (r = -0.329, P < 0.01) (Figure 4). There
was no significant correlation between TACE promoter
methylation and sex (r = 0.011, P = 0.922), age (r =
0.119, P = 0.294), log10 HBV DNA (r = 0.203, P = 0.07),
albumin (r = -0.045, P = 0.689), TBIL (r = -0.128, P =
0.258), PT-INR (r = 0.027, P = 0.810), PTA (r = -0.138,
P = 0.223) and creatinine (r = 0.079, P = 0.484).
In the HBeAg-negative CHB group, there was
no significant correlation between TACE promoter
methylation and sex (r = -0.009, P = 0.934), age (r =
0.023, P = 0.842), HBeAg (r = 0.076, P = 0.500), log10
HBV DNA (r = 0.060, P = 0.596), ALT (r = -0.111, P =
0.327), AST (r = -0.073, P = 0.519), albumin (r = 0.016,
P = 0.886), TBIL (r = -0.144, P = 0.201), PT-INR (r =

Quantitative variables are expressed as the median (25th-75th percentiles).
Categorical variables are expressed as number (percentage). ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin;
ALB: Albumin; Cr: Creatinine; PT-INR: Prothrombin time-international
normalized ratio; PTA: Prothrombin activity; NA: Not available.

this study were reviewed by Dr. Shu-Mei Wang from
Department of Epidemiology and Biostatistics, School
of Public Health, Shandong University.
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HBeAg CHB
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U

-

HBeAg CHB
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U

M

U
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50 bp

Figure 3 Typical methylation-specific polymerase analysis results of the TACE gene promoter. WB: Water blank.
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Figure 4 Comparison of HBeAg , ALT, and AST between HBeAg-positive chronic hepatitis B patients with methylated and unmethylated TACE promoters.
Significant difference (bP < 0.05, methylated vs unmethylated).

-0.195, P = 0.084), PTA (r = 0.156, P = 0.167) and
creatinine (r = -0.023, P = 0.836).

= 0.873, P > 0.05). In the HBeAg-positive group, the
TACE methylation frequency was significantly negatively
correlated with HBeAg (r = -0.602, P < 0.01), ALT (r =
-0.461, P < 0.01) and AST (r = -0.329, P < 0.01).
The prevalence of hepatitis B is a major concern
worldwide. Approximately one-third of the global
population has serological evidence of past or present
infection with HBV, and 350-400 million people are
chronic HBsAg carriers. Once chronically infected,
the covalently closed circular DNA of HBV is hard to
[20,21]
eradicate from the nucleus of hepatocytes
. People
with hepatitis B are at an increased risk of developing
[1]
hepatic decompensation, cirrhosis, and HCC . HBeAg
seroconversion is a crucial step during the progression
of HBV infection. Until now, no sensitive and effective

DISCUSSION
We investigated the methylation status of the TACE
gene in PBMCs of 80 patients with HBeAg-positive
CHB, 80 patients with HBeAg-negative CHB, and 40
HCs. TACE promoter methylation frequency in HBeAgpositive CHB patients (58/80, 72.5%) was significantly
lower than that in HBeAg-negative CHB patients
2
2
(72/80, 90%; χ = 8.041, P < 0.01) and HCs (χ =
8.438, P < 0.01). However, no significant difference
could be observed in the methylation frequency
2
between the HBeAg-negative CHB patients and HCs (χ
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occurrence of HBeAg seroconversion. DNA methylation is one of the most
important epigenetic mechanisms. Aberrant methylation or demethylation
of several genes has been associated with a number of diseases and many
methylation biomarkers have been proposed.

model for predicting the occurrence of HBeAg sero
conversion has been proposed.
DNA methylation and demethylation are important
epigenetic mechanisms. Demethylation of a promoter
region is often associated with long-term gene over
[22-24]
expression and is linked to many diseases
. DNA
methylation status is usually stable and suitable
for use as a biomarker for disease detection and
[25]
prognosis prediction . The present study revealed
that the TACE methylation frequency was significantly
lower in HBeAg-positive CHB than in HBeAg-negative
CHB and HCs. Also, the TACE methylation frequency
was negatively correlated with serum ALT and AST.
Aberrant TACE methylation status may have a role
in the progression of HBV infection and induce liver
damage.
Most importantly, this study revealed that TACE
demethylation was significantly associated with the
HBeAg level in HBeAg-positive CHB, which indicated
that it might possess a potential value for predicting
HBeAg seroconversion. Further studies are needed
to prove its usefulness. The prediction of HBeAg
seroconversion is essential for the management
of HBV infection. This finding might help clinicians
initiate the correct treatment strategy at an early
stage and prevent many patients from developing
fatal complications such as hepatic decompensation,
cirrhosis, or HCC.
There were several limitations in this study. The
sample size was relatively small and we could not
confirm our results in a second cohort. Therefore,
our findings need further validation with large studies
prior to clinical application, and the follow-up of the
HBeAg-positive CHB patients should also be performed
in a further study. Prospective studies with longterm follow-up would be useful for determining the
predictive values for HBeAg seroconversion. This is an
exploratory study and further studies are needed to
reveal the mechanisms involved.
In conclusion, this study demonstrated demethy
lation of the TACE promoter in HBeAg-positive CHB,
which was associated with HBeAg level. TACE promoter
demethylation may potentially serve as a marker for
HBeAg seroconversion.

Innovations and breakthroughs

This study demonstrated aberrant demethylation of the TACE promoter in
HBeAg-positive CHB, which was associated with high HBeAg level, and
indicated that TACE demethylation may potentially serve as a biomarker for
HBeAg seroconversion.

Applications

Aberrant demethylation of TACE promoter may be used as a biomarker for
predicting the occurrence of HBeAg seroconversion.

Terminology

TACE is a modular transmembrane protein with a zinc-dependent catalytic
domain. Its main function is to mediate cleavage of substrates such as TNF-α,
TNF receptor Ⅰ and TNF receptor Ⅱ. DNA methylation is one of the most
important epigenetic mechanisms, which donates a methyl group to DNA. A
biomarker is a substance used as an indicator of a biological state.

Peer-review

This manuscript presented some useful data showing that aberrant
demethylation of TACE promoter existed in HBeAg-positive CHB, which was
associated with high HBeAg level. This might potentially serve as a biomarker
for HBeAg seroconversion. The research design, and the data analysis and
statistics are reasonable.
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RESULTS: There were 205 patients with a concentrated
type (64.7%) and 112 patients with a distributed type
(35.3%) SpA. There were 22 patients (6.9%) with a
single branch of the splenic lobar vessels, 250 (78.9%)
with 2 branches, 43 (13.6%) with 3 branches, and 2
patients (0.6%) with multiple branches. Eighty seven
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patients (27.4%) had type Ⅰ splenic artery trunk,
211 (66.6%) had type Ⅱ, 13 (4.1%) had type Ⅲ,
and 6 (1.9%) had type Ⅳ. The mean splenic hilar
lymphadenectomy time (23.15 ± 8.02 vs 26.21 ± 8.84
min; P = 0.002), mean blood loss resulting from splenic
hilar lymphadenectomy (14.78 ± 11.09 vs 17.37 ±
10.62 mL; P = 0.044), and number of vascular clamps
used at the splenic hilum (9.64 ± 2.88 vs 10.40 ± 3.57;
P = 0.040) were significantly lower in the concentrated
group than in the distributed group. However, the
mean total surgical time, mean total blood loss, and
the mean number of harvested splenic hilar lymph
nodes were similar in both groups (P > 0.05 for each
comparison). There were also no significant differences
in clinicopathological and postoperative characteristics
between the groups (P > 0.05).

Cancer Association (JGCA), No. 10 LNs must be
dissected in upper- or middle-third gastric cancer
[2]
patients treated with radical total gastrectomy . The
feasibility and safety of laparoscopic-assisted total
gastrectomy with D2 LN dissection in upper- or middle[3,4]
third gastric cancer patients have been accepted .
Laparoscopic total gastrectomy with spleen-preserving
splenic hilar lymphadenectomy (LTGSPL) has been
gradually offered to these patients as a result of new
interest in surgical treatments and progress in gastric
[5-7]
cancer surgical and anatomical techniques
. The
feasibility of LTGSPL in these patients has also been
[5-9]
confirmed .
The vessels in the splenic hilum are intricate and
variable. The areas adjacent to the splenic hilum are
complex and located in a deep, narrow operating
space, which makes it difficult to identify the correct
vessels accurately, and successfully complete splenic
regional lymphadenectomy. Furthermore, it is
difficult to control bleeding once vessels are injured.
Therefore, highly skilled surgeons are required for
[7,9]
this procedure . Both experience and knowledge
of minimally invasive surgical anatomy are helpful
[10]
for laparoscopic surgery . Additionally, familiarity
with the splenic hilar vascular anatomy is useful for
surgeons performing LTGSPL, and may reduce the
complications. However, studies on the splenic hilar
vascular anatomy in vivo and the impact of splenic
artery (SpA) type on LTGSPL have not been reported.
Therefore, we conducted this study to investigate
SpA vascular anatomy and evaluate the influence
of different vessel types on the surgical outcomes in
patients undergoing LTGSPL.

CONCLUSION: It is of value for surgeons to know
the splenic hilar vascular anatomy when performing
LTGSPL. Patients with concentrated type SpA may be
optimal patients for training new surgeons.
Key words: Stomach neoplasms; Spleen-preservation;
Laparoscopy; Lymphadenectomy; Vascular anatomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Japanese Gastric Cancer Association
guidelines recommend splenic hilar lymphadenectomy
in patients with upper- and middle-third gastric
cancer. However, the vessels in the splenic hilum
are intricate and variable. The areas adjacent to the
splenic hilum are located in a deep, narrow operating
space, which makes it difficult to identify the proper
vessels and successfully complete splenic regional
lymphadenectomy. Therefore, familiarity with the
vascular anatomy is useful for surgeons performing
laparoscopic total gastrectomy with spleen-preserving
splenic hilar lymphadenectomy (LTGSPL) and may
reduce the complications. This is the first study to
investigate the splenic vascular anatomy in vivo and its
influence on LTGSPL.

MATERIALS AND METHODS
Patients

Between January 2011 and December 2013, 317
patients with upper- or middle-third gastric cancer
underwent LTGSPL in the Department of Gastric
Surgery, Fujian Medical University Union Hospital. All
subjects were preoperatively confirmed as having
upper- or middle-third gastric cancer by analyses of
endoscopic biopsy specimens. Preoperative imaging
was routinely performed following endoscopic
examination, including computer tomography (CT)
scanning, ultrasonography (US) of the abdomen,
and endoscopic US. Patients with T4b gastric cancer
were preoperatively excluded from this study. Patients
with enlargement and integration of No.10 LNs were
not considered candidates for surgery. The surgical
procedure, including its advantages and risks, was
explained to all candidates for surgery. The ethics
committee of Fujian Union Hospital approved this
retrospective study. Written consent was given by
the patients for their information to be stored in the
hospital database and used for research.

Zheng CH, Xu M, Huang CM, Li P, Xie JW, Wang JB, Lin
JX, Lu J, Chen QY, Cao LL, Lin M. Anatomy and influence
of the splenic artery in laparoscopic spleen-preserving splenic
lymphadenectomy. World J Gastroenterol 2015; 21(27):
8389-8397 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i27/8389.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8389

INTRODUCTION
The splenic hilar lymph nodes (No. 10 LNs) are easily
invaded in advanced upper- or middle-third gastric
cancer. The metastatic frequency in No. 10 LNs is
[1]
9.8%-20.9% . According to the Japanese Gastric
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Data collection

the spleen. The surgeon uses an ultrasonic scalpel
to separate the greater omentum toward the left up
to the splenic flexure of the colon along the superior
border of the transverse colon. Next, the anterior
pancreatic fascia (APF) is peeled against the anterior
inherent pancreatic fascia along the direction of the
pancreas to the superior border of the pancreatic
tail. Then, the surgeon uses the ultrasonic scalpel
to open the APF along the fascia’s continuation, and
the retropancreatic space (RPS) is entered at the
superior border of the pancreas. Next, the mutually
linked potential space in the gastrosplenic ligament
(GSL) and the splenorenal ligament can be entered by
following the RPS, and the end of the splenic vessel’
s trunk can be exposed at the initial segment of the
GSL. The dissection is continued along the end of the
splenic vessels to expose the lower lobar vessels of
the spleen (LLVSs) or the lower pole vessels of the
spleen. The assistant uses the right hand to pull up the
fatty lymphatic tissue on the surface of the vessels,
and the surgeon uses the non-functional face of the
ultrasonic scalpel to dissect the lymphatic tissue along
the vessels distally up to the splenic hilar. During the
dissection, the roots of the left gastroepiploic vein
(LGEV) can be revealed at the splenic lobar artery (SLA)
or splenic lower pole artery (SLPA) near the lower
pole of the spleen. The assistant pulls up the fatty
lymphatic tissue at the roots of the LGEVs, and the
surgeon uses the ultrasonic scalpel to vascularize the
vessels by dissecting the tissue along the anatomical
space at the surface of the vessels. Next, the LGEVs
are transected at their roots with vascular clamps. The
resection of the No. 4sb LNs is then accomplished. At
this time, the assistant pulls up the fatty lymphatic
tissue on the surface of the LLVSs, while the surgeon
uses the ultrasonic scalpel to meticulously dissect this
tissue along the anatomical space on the surface of the
LLVSs toward the splenic hilar, alternatively using blunt
and sharp methods of separation. As the LLVSs are
gradually revealed, 1-2 branches of the short gastric
vessels (SGVs) issuing from the inferior lobar artery
of the spleen may be encountered. If so, the assistant
gently pulls up the SGVs, and the surgeon uses the
ultrasonic scalpel to meticulously dissect the fatty
lymphatic tissue around the vessels to vascularize the
vessels, which are divided at their roots with vascular
clamps.
The second step is dissection of the LNs in the
region of the SpA trunk. The assistant uses the right
hand to pull up the isolated fatty lymphatic tissue on
the surface of the trunk of SpA. The surgeon uses the
ultrasonic scalpel to denude the trunk of the SpA along
the latent anatomic space on its surface toward the
splenic hilar up to the fork of the splenic lobar arteries.
The fatty lymphatic tissue around the end of the SpA
is then excised. One or two branches of the posterior
gastric artery (PGA), which are derived from the
SpA, will always be encountered in this region. At this
time, the assistant should clamp the vessels and pull

All patients underwent abdominal helical CT (Discovery
CT750 HD, GE Healthcare, Waukesha, WI, United
States). The scans ranged from the top of the
diaphragm to the lower edge of the liver. On average,
100 mL of nonionic contrast agent was infused at
a rate of 2 mL/s. CT data acquisition was triggered
using the bolus tracking technique. The region of
interest was the abdominal aorta just below the
diaphragmatic dome. The trigger threshold level was
set at a CT value of 100 Hounsfield units. Abdominal
CT scans were performed at a slice thickness of 5
mm. Scanning was performed during each phase in
a single breath-hold. The 3D images by CT (3DCT)
of the splenic vessels were individually reconstructed
using the original scanning images. The CT data were
downloaded to an offline workstation for image postprocessing and analysis. The distance from the SpA’
s furcation to the splenic hilar region was measured
using the reconstructed images. The distance was
then re-measured during surgery by the opening
degree of the dissecting forceps, which was 2 cm
when opened completely. The results were then
compared with the 3DCT. We selected 2 cm as the cutoff point for classification. When the SpA divided into
its terminal branches < 2 cm from the splenic hilum,
the case was considered to be concentrated type. If
the distance was ≥ 2 cm, the case was considered
[11,12]
to be the distributed type
. Patients were then
assigned to the concentrated group or the distributed
th
group. TNM stage was defined based on the 7 Edition
[13]
of the UICC TNM system . The operation time at the
splenic hilum was defined as the time for splenic hilar
lymphadenectomy. Blood loss at the splenic hilum was
defined as the volume of blood lost during dissection
of the splenic hilar LNs.

Surgical procedures

Splenic hilar lymphadenectomy was performed
according to the guidelines of the Japanese Classi
[14]
fication of Gastric Carcinoma . In our institution,
LTGSPL has become highly standardized, with all
operations performed by a senior surgeon (ChangMing Huang) who had performed > 500 laparoscopic
assisted gastrectomies before starting to perform
[15,16]
this operation
. We have summarized an effective
procedure called Huang’s 3-step maneuver for
[17]
performing LTGSPL in clinical practice . The steps are
described as follows:
Patient positioning: The patient is placed in a
reverse Trendelenburg position with the head elevated
about 15-20 degrees and tilted left side up about
20-30 degrees. The surgeon stands between the
patient’s legs, and the assistant and camera operator
are both on the patient’s right side.
Splenic hilar LNs dissection: The first step is
dissection of the LNs in the inferior pole region of
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them upward, while the surgeon uses the ultrasonic
scalpel to dissect the fatty lymphatic tissue around
the PGAs and close to the trunk of the SpA. The PGAs
are divided at their roots using vascular clamps. The
excision of the No. 11d LNs is then accomplished.
The third step is dissection of the LNs in the
superior pole region of the spleen. The assistant gently
pulls up the fatty lymphatic tissue on the surface of the
splenic vessels’ branches in the GSL, and the surgeon
applies the non-functional face of the ultrasonic scalpel
along the anatomical space on the surface of the SLA
and vein to completely vascularize the vessels in the
splenic superior lobar area, using meticulous sharp
or blunt pushing, peeling and dissection. At this time,
1-3 branches of the SGVs arising from the SLA and
passing through the GSL are usually encountered.
The assistant should clamp and pull the SGVs
upward, while the surgeon meticulously resects the
surrounding fatty lymphatic tissue, proceeding toward
the roots of the vessels. Next, the SGVs are divided
at their roots with clamps. The last branch of SGVs
in the superior pole region of the spleen is often very
short, which causes the fundus to lie close against the
splenic hilar. The last branch can be easily damaged,
causing bleeding, if there is lack of proper traction. At
this time, the assistant should pull the fundus toward
the lower right side enough to completely expose the
vessel, while the surgeon transects the vessel at its
root with vascular clamps after carefully separating the
surrounding fatty lymphatic tissue. Finally, the splenic
hilar lymph nodes are dissected completely.

branches are longer and have a smaller diameter and
enter the spleen in a distributed fashion (Figure 1). In
the study, the types of the terminal branches of the
SpA observed preoperatively by 3DCT were consistent
with their intraoperative conditions. The anatomical
data showed that 64.7% of the patients had the
concentrated type (205 cases) and 35.3% had the
distributed type (112 cases).
SLA: The SLAs are the terminal branches of the SpA at
the splenic hilum, and there can be one or a number
of branches. If the SpA passes tortuously through the
splenic hilar without dividing into terminal branches, it
is classified as a single-branch type. This type is rare
and was observed in 22 cases (6.9%) in our study.
When the SpA divides into the superior and inferior
lobar arteries, it is classified as a 2-branched type.
This type is common and was observed in 250 cases
(78.9%). It is called a 3-branched type when the SpA
divides into the superior, middle, and inferior lobar
arteries of the spleen. This type was present in 43
cases (13.6%) in the study. The SpA rarely branches
into 4-7 branches that enter the splenic hilum, and
these cases are classified as multiple-branched type.
There were only two such cases (0.6%) in our study
(Figure 2).
Relationship between the course of the SpA
trunk and the pancreas: The course of the SpA
trunk is intimately associated with the pancreas,
and it is divided into four variations. In Type Ⅰ, the
SpA trunk follows the suprapancreatic course to the
splenic hilum after arising from the celiac artery. This
type was present in 87 cases (27.4%). In Type Ⅱ,
the middle half of the SPA trunk has either a retro- or
intra-pancreatic course. There were 211 Type Ⅱ cases
(66.6%) in our study. In Type Ⅲ, the distal half of the
SPA follows either a retro- or intra-pancreatic course.
There were 13 Type Ⅲ cases (4.1%). In Type Ⅳ, the
distal three-quarters of the SpA is entirely embedded
in the substance of the pancreas or follows a retropancreatic course. We observed six Type Ⅳ cases
(1.9%) in this study (Figure 3).
There is also an existing splenic pole artery (SPoA)
that directly enters the upper and/or lower pole of
the spleen without passing through the splenic hilum.
There is a splenic upper pole artery (SUPA) and a
splenic lower pole artery (SLPA). The SPoA may
arise from the SpA trunk, SLA or left gastroepiploic
artery. The data show that 68 patients had SPoA.
The incidence of SUPA was 16.40% (52 cases).
The incidence of SLPA was 5.05% (16 cases). The
splenic artery also branched into arteries to supply
other organs. The short gastric artery (SGA) and left
gastroepiploic artery are important vessels related to
the splenic hilar lymphadenectomy. The SGA mainly
arises from the SLA, the SpA trunk and the left
gastroepiploic artery. The mean number of branches of
the SGA was 3.62 ± 1.09 (range, 0 to 7) in our study.

Statistical analysis

Statistical analyses were performed using the SPSS
18.0 statistical software package (IBM Corp., Armonk,
NY, United States). Means were compared using t-tests.
2
Categorical data were compared with a χ test or
Fisher’s exact test. P values < 0.05 were considered
statistically significant.

RESULTS
vascular anatomy in the splenic hilum

Classification of the terminal branches of the
SpA: The SpA branches from the celiac artery. It
continues toward the left along the upper border of
the pancreas and gives off branches to the pancreas
along the way. The SpA then divides into the terminal
branches in the spleen. The type of terminal branches
was classified according to the distance between
the artery’s furcation and the splenic hilar region as
either a concentrated type or distributed type SpA.
The concentrated type SpA divides into its terminal
branches < 2 cm from the splenic hilum. The SpA
trunk is long, but the branches are short and wide in
diameter and reach the spleen as a compact bundle
in this type. Conversely, the distributed type SpA
generally divides into its terminal branches ≥ 2 cm
from the splenic hilum. The SpA trunk is short, but the
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A

1

2

< 2.0 cm

< 2.0 cm

B

1

2

≥ 2.0 cm

≥ 2.0 cm

Figure 1 terminal branches of the splenic artery. A: The concentrated type SpA (1: Preoperative assessment using 3DCT images; 2: Operative view after the
completion of the splenic LN dissection); B: The distributed type SpA (1: Preoperative assessment using 3DCT images; 2: Operative view after the completion of the
splenic LN dissection). SpA: Splenic artery; 3DCT: 3-dimensional computer tomography; LNs: lymph nodes.

A

B

C

D

Figure 2 Splenic lobar artery. A: Single-branch type; B: Two-branched type; C: Three-branched type; D: Multiple-branched.
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A

B

C

D

Figure 3 Relation between the course of the splenic artery trunk and the pancreas. A: Type Ⅰ; B: Type Ⅱ; C: Type Ⅲ; D: Type Ⅳ.

The detailed data are presented in Table 1.

hospital stay, time to first flatus, time to a fluid diet,
time to a soft diet, or morbidity between the two
groups (all P > 0.05) (Table 4).

Patient clinicopathologic characteristics

The clinicopathologic characteristics of the 317 patients
are presented in Table 2. The series included 244 men
and 73 women with a mean age of 60.8 years (range,
11-87 years). Age, sex, body mass index, tumor size,
histologic type, tumor depth, N stage and TNM stage
did not differ between the groups (all P > 0.05).

DISCUSSION
The vessels in the splenic hilum are intricate and
variable, and are covered with fatty lymphoid tissue.
Therefore, careful lymph node dissection in the area is
important because uncontrollable bleeding can occur
[18]
after vessel or spleen injury . Thus, understanding
the vessel anatomy in the splenic hilum is important.
Most studies of the splenic hilar vessels are performed
by dissecting cadavers or postmortem specimens.
These studies examine the origin, length and course
of the SpA. They also examine the type of terminal
branches of the SpA using a sequential injection
method involving both radiology and corrosion casting.
These types of studies provided the theoretical basis
for spleen-preserving treatment in traumatic spleen
[11,19,20]
injuries
. There are also studies that have used
multidetector-row CT or digital subtraction angiography
to identify the type of SpA, branches of the SpA, and
segmental arteries in the spleen. These analyses
provided the anatomical imaging data for spleen artery
[21-23]
embolotherapy
.
Several scholars have suggested that studies
based on cadavers or postmortem specimens do not
accurately reflect the splenic hilar vascular anatomy
because of tissue degeneration that occurs after the
specimens are fixed in formalin. In addition, only
the general vessel course in the splenic hilum can

Patient intraoperative characteristics

For all 317 patients, the mean surgical time was
175.41 ± 31.97 min (range, 120-420 min). The mean
total blood loss was 53.94 ± 31.77 mL (range, 5-300
mL). The mean number of harvested No. 10 LNs was
2.69 ± 2.16 (range, 0-9). The mean splenic hilar
lymphadenectomy time (23.15 ± 8.02 vs 26.21 ±
8.84 min; P = 0.002), mean blood loss resulting from
splenic hilar lymphadenectomy (14.78 ± 11.09 vs
17.37 ± 10.62 mL; P = 0.044), number of vascular
clamps used at the splenic hilum (9.64 ± 2.88 vs
10.40 ± 3.57; P = 0.040), and mean total number
of retrieved LNs (40.36 ± 14.08 vs 44.46 ± 14.80; P
= 0.015) were significantly lower in the concentrated
group than in the distributed group. The mean total
surgical time, mean total blood loss, mean number of
retrieved and positive No.10 LNs, and mean number of
positive LNs were similar in both groups (all P > 0.05)
(Table 3).

Patient postoperative characteristics

There was no significant difference in the length of
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Table 1 Vascular anatomy of the splenic hilum in the 2
groups
Terminal branches of the SpA

Table 3 Comparison of intraoperative characteristics between
the 2 groups

P value

Intraoperative
characteristics

Concentrated type Distributed type
Type of SpA
Single branch SpA
2-branched SpA
3-branched SpA
Multiple-branched SpA
SpA along the pancrease
Type Ⅰ
Type Ⅱ
Type Ⅲ
Type Ⅳ
SUPA
SLPA
No. of SGAs

0.001
22
157
26
0

0
93
17
2

61
133
7
4
27
13
3.60 ± 1.05

26
78
6
2
23
3
3.63 ± 1.17

Operation time (min)
Operation time at splenic
hilum (min)
Blood loss (ml)
Blood loss at splenic hilum
(ml)
No. of positive LNs
No. of retrieved LNs
No. of positive No. 10 LNs
No. of retrieved No. 10
LNs
No. of vascular clamps at
splenic hilum

0.561

0.085
0.154
0.821

SUPA: Splenic upper pole artery; SLPA: Splenic lower pole artery; SGA:
Short gastric artery.

Terminal branches of the SpA

Ⅰ
Ⅱ
Ⅲ

205

112

156
49
60.79 ± 10.30
22.16 ± 2.62
5.40 ± 2.75

88
24
60.79 ± 10.77
21.68 ± 2.72
5.83 ± 2.63

115
90

51
61

22
24
84
75

9
16
39
48

52
35
39
79

29
21
21
41

30
51
124

12
31
69

175.35 ± 32.95
23.15 ± 8.02

175.53 ± 30.24
26.21 ± 8.84

0.963
0.002

53.76 ± 33.09
14.78 ± 11.09

54.29 ± 29.33
17.37 ± 10.62

0.887
0.044

7.36 ± 9.04
40.36 ± 14.08
0.23 ± 0.81
2.54 ± 2.18

8.22 ± 10.04
44.46 ± 14.80
0.11 ± 0.53
2.96 ± 2.11

0.433
0.015
0.152
0.103

9.64 ± 2.88

10.40 ± 3.57

0.040

Table 4 Comparison of postoperative characteristics between
the 2 groups
Postoperative
characteristics

P value

Concentrated type Distributed type
No. of patients
Sex
Male
Female
Age (yr)
BMI (kg/m2)
Tumor size (cm)
Histological
Differentiated
Undifferentiated
Depth of invasion
pT1
pT2
pT3
pT4a
Lymph node metastasis
pN0
pN1
pN2
pN3
TNM stage

P value

LNs: Lymph nodes.

Table 2 Comparison of clinicopathological characteristics
between the 2 groups
Patient characteristics

Terminal branches of the SpA
Concentrated type Distributed type

Postoperative hospital
stay (d)
Day of first flatus (d)
Day of first fluid diet (d)
Day of first semifluid diet
(d)
Postoperative
complications
Pulmonary infection
Abdominal infection
Wound problem
Anastomotic leakage
Chylous fistula
Anastomotic bleeding
Septicemia

0.617

1.000
0.122
0.178
0.072

0.501

Terminal branches of the SpA

P value

Concentrated type Distributed type
12.99 ± 7.94

11.54 ± 4.30

0.075

4.17 ± 1.06
4.81 ± 1.73
8.66 ± 5.14

4.10 ± 0.97
4.51 ± 1.54
7.73 ± 2.04

0.578
0.120
0.068

16

6

0.412

7
3
1
3
1
1
1

1
1
2
0
0
1
1

0.171
0.664
0.254
0.198
0.459
0.663
0.663

0.978

existed during the investigation. As a result, our study
provides a more reliable and valuable reference for
surgeons performing LTGSPL.
The SpA usually passes the upper border of the
[12]
pancreas in a variety of forms . Identifying the
relationship between the SpA and the pancreas helped
reduce intraoperative injury. Type Ⅰ allowed the SpA to
be sufficiently exposed and vascularized. Thus, it was
easy to dissect the lymphatic fatty tissues around the
entire artery. However, in other types, a portion of the
SpA ran within the parenchyma of the pancreas. The
resection of the lymphatic tissues should be performed
more carefully because the pancreatic tissues might
be incorrectly regarded to be LNs, which could lead to
postoperative complications such as pancreatic fistula.
The SLA branches from the SpA at the splenic hilum
[12]
and is variable . The SLA is tortuous, dissociative
and usually identified as the SGV or posterior gastric
vessel. Thus, it might be incorrectly severed, leading
to splenic ischemia. Therefore, vessels with an unclear

0.584

be observed by imaging. The distribution of the fatty
tissue or the adjacent organs around the vessels
cannot be evaluated. Thus, there are limitations in
clinical guidance. Recently, laparoscopic splenectomy
has been used clinically and is now a standard
[24,25]
procedure in hemopathy
. These studies only
investigated surgical feasibility, safety, surgical
approach, and surgical complications rather than
the vascular anatomy in vivo. Conversely, our study
dissected the splenic hilar vessels in vivo using a
laparoscope. Therefore, our study was more intuitive
and realistic because the normal physiological function
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course should be separated toward their distal terminal
until their orientation can be distinguished. Such
manipulation enables a safe division and prevents
unnecessary injury caused by a blind dissection. The
SGAs were some of the most important structures that
required severing during lymphadenectomy. The SGAs
were easily injured and resulted in bleeding, which
influenced the operation outcome. They originated
from the SLA and could be naturally revealed during
the process of denuding the SLA. Then, the vessel
was severed at its root. There were no branches from
the SGAs encountered in this plane and none of the
branches had been twisted, which reduced the risk of
vascular injury.
The concentrated type SpA was common in this
study. The intraoperative characteristics were further
compared between the groups, and the results
revealed that the mean splenic hilar LN dissection time,
mean blood loss due to splenic hilar LN dissection, and
number of vascular clamps used at the splenic hilum
were significantly lower in the concentrated group
because the branches of the distributed type SpA were
longer. The length of the branches was 28.25 ± 8.44
mm in the distributed type and 15.29 ± 11.14 mm in
[26]
the concentrated type in a previous specimen study .
Thus, more lymph node tissue must be dissected in
the distributed group. The caliber of branches in the
[11,12]
distributed type
was smaller, and these vessels
were easily injured, which increased the operative
difficulty and risk. As a result, the dissection time
and blood loss in the splenic hilum were increased.
Moreover, the number of SGA branches was higher
in the distributed group, although there was no
significant difference between groups. There were
more SGAs that needed to be dissected and severed,
increasing the surgical difficulty. Thus, the operative
risk of LTGSPL was lower in the concentrated type SpA
because of the shorter time required and less blood
loss. However, the branches of the concentrated type
SpA were more centralized and the interval between
branches was narrow. The surgeon should also be very
attentive when excising the LNs in this area to avoid
injuring the vessels. The types of terminal branches
of the SpA detected preoperatively using 3DCT were
consistent with the intraoperative conditions. Thus,
it could be roughly classified according to 3DCT
preoperatively. Furthermore, 3DCT also enabled
surgeons to know the distribution and variation of
[27]
the splenic vessels preoperatively . LTGSPL cannot
be applied in every center routinely. Thus, it is
beneficial for surgeons to master the technique by
selecting patients with the concentrated type SpA
identified using 3DCT preoperatively. However, some
shortcomings of this study need to be noted. First, it is
very difficult to perform LTGSPL and cannot be widely
applied in other centers. Second, the results were
based on a retrospective analysis of the clinical data at
a single institution, and needs to be further confirmed
in future large-scale, prospective clinical trials.

WJG|www.wjgnet.com

In conclusion, the vascular anatomy of the
splenic hilum is complex and variable, and knowing
the anatomical characteristics helps surgeons to
perform LTGSPL safely and effectively. New surgeons
could choose patients with the concentrated type of
splenic artery because it is less difficult to comple the
operation in these patients.
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provides a more reliable and valuable reference for surgeons performing
LTGSPL.

Terminology

From our experience in a previous study, the authors selected 2 cm as the cutoff point for SpA classification. When the SpA divided into its terminal branches <
2 cm from the splenic hilum, the case was considered to be concentrated type. If
the distance was ≥ 2 cm, the case was considered to be the distributed type.

Peer-review

This is an interesting study in which authors evaluate the anatomy of splenic
hilar vessels in vivo and its influence on LTGSPL for patients with upper- or
middle-third gastric cancer. This finding has important clinical implications for
gastrointestinal surgeons in spleen-preserving splenic hilar lymphadenectomy,
especially for the beginners.

REFERENCES
1

2

8396

Mönig SP, Collet PH, Baldus SE, Schmackpfeffer K, Schröder
W, Thiele J, Dienes HP, Hölscher AH. Splenectomy in proximal
gastric cancer: frequency of lymph node metastasis to the splenic
hilus. J Surg Oncol 2001; 76: 89-92 [PMID: 11223832]
Japanese Gastric Cancer Association. Japanese gastric cancer
treatment guidelines 2010 (ver. 3). Gastric Cancer 2011; 14:
113-123 [PMID: 21573742 DOI: 10.1007/s10120-011-0042-4]

July 21, 2015|Volume 21|Issue 27|

Zheng CH et al . Vascular anatomy in splenic hilum
3

4

5

6

7

8

9

10

11
12

13
14
15

Edwards P, Blackshaw GR, Lewis WG, Barry JD, Allison
MC, Jones DR. Prospective comparison of D1 vs modified D2
gastrectomy for carcinoma. Br J Cancer 2004; 90: 1888-1892
[PMID: 15138467]
Bösing NM, Goretzki PE, Röher HD. Gastric cancer: which
patients benefit from systematic lymphadenectomy? Eur J Surg
Oncol 2000; 26: 498-505 [PMID: 11016473 DOI: 10.1053/
ejso.1999]
Uyama I, Sugioka A, Fujita J, Komori Y, Matsui H, Hasumi A.
Laparoscopic total gastrectomy with distal pancreatosplenectomy
and D2 lymphadenectomy for advanced gastric cancer. Gastric
Cancer 1999; 2: 230-234 [PMID: 11957104 DOI: 10.1007/
s101209900041]
Huscher C, Mingoli A, Sgarzini G, Sansonetti A, Piro F,
Ponzano C, Brachini G. Value of extended lymphadenectomy in
laparoscopic subtotal gastrectomy for advanced gastric cancer. J
Am Coll Surg 2005; 200: 314 [PMID: 15664111 DOI: 10.1016/
j.jamcollsurg.2004.10.024]
Hyung WJ, Lim JS, Song J, Choi SH, Noh SH. Laparoscopic
spleen-preserving splenic hilar lymph node dissection during total
gastrectomy for gastric cancer. J Am Coll Surg 2008; 207: e6-e11
[PMID: 18656040 DOI: 10.1016/j.jamcollsurg.2008.04.027]
Hur H, Jeon HM, Kim W. Laparoscopic pancreas- and spleenpreserving D2 lymph node dissection in advanced (cT2) upperthird gastric cancer. J Surg Oncol 2008; 97: 169-172 [PMID:
18095269 DOI: 10.1002/jso.20927]
Okabe H, Obama K, Kan T, Tanaka E, Itami A, Sakai Y. Medial
approach for laparoscopic total gastrectomy with splenic lymph
node dissection. J Am Coll Surg 2010; 211: e1-e6 [PMID:
20610241 DOI: 10.1016/j.jamcollsurg.2010.04.006]
Kim MC, Choi HJ, Jung GJ, Kim HH. Techniques and
complications of laparoscopy-assisted distal gastrectomy (LADG)
for gastric cancer. Eur J Surg Oncol 2007; 33: 700-705 [PMID:
17399938 DOI: 10.1016/j.ejso.2007.02.018]
Ssoson-Jaroschewitsch A. Zur chirurgischen Anatomie des
Milzhilus. Zeitsch Ges Anat Abt Bd 1927; 84: S218
Zheng CH, Huang CM, Li P, Xie JW, Wang JB, Lin JX, Lu J.
Laparoscopic spleen-preserving hilar lymph nodes dissection based
on splenic hilar vascular anatomy. Zhonghua Xiaohua Waike Zazhi
2012; (11): 215-219 [DOI: 10.3760/cma.j.issn.1673-9752.2012.03.
007]
Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification
of Malignant Tumours. Hoboken: Wiley, 2009
Washington K. 7th edition of the AJCC cancer staging manual:
stomach. Ann Surg Oncol 2010; 17: 3077-3079 [PMID: 20882416
DOI: 10.1245/s10434-010-1362-z]
Jia-Bin W, Chang-Ming H, Chao-Hui Z, Ping L, Jian-Wei X,
Jian-Xian L. Laparoscopic spleen-preserving No. 10 lymph node

16

17

18
19

20
21

22

23
24
25

26
27

dissection for advanced proximal gastric cancer in left approach:
a new operation procedure. World J Surg Oncol 2012; 10: 241
[PMID: 23146045 DOI: 10.1186/1477-7819-10-241]
Lu J, Huang CM, Zheng CH, Li P, Xie JW, Wang JB, Lin
JX. Learning curve of laparoscopy spleen-preserving splenic
hilar lymph node dissection for advanced upper gastric cancer.
Hepatogastroenterology 2013; 60: 296-300 [PMID: 22975646
DOI: 10.5754/hge12641]
Huang CM, Chen QY, Lin JX, Zheng CH, Li P, Xie JW. Huang’
s three-step maneuver for laparoscopic spleen-preserving No. 10
lymph node dissection for advanced proximal gastric cancer. Chin
J Cancer Res 2014; 26: 208-210 [PMID: 24826062 DOI: 10.3978/
j.issn.1000-9604.2014.04.05]
Yüney E, Höbek A, Keskin M, Yilmaz O, Kamali S, Oktay C,
Bender O. Laparoscopic splenectomy and LigaSure. Surg Laparosc
Endosc Percutan Tech 2005; 15: 212-215 [PMID: 16082308]
Farag A, Shoukry A, Nasr SE. A new option for splenic
preservation in normal sized spleen based on preserved histology
and phagocytic function of the upper pole using upper short gastric
vessels. Am J Surg 1994; 168: 257-261 [PMID: 8080064]
Treutner KH, Klosterhalfen B, Winkeltau G, Moench S, Schumpelick
V. Vascular Anatomy of the Spleen. Clin Anat 1993; (6): 1-8
Requarth JA, Miller PR. The splenic artery stump pressure is
affected by arterial anatomy after proximal embolotherapy in blunt
splenic injury. J Trauma Acute Care Surg 2012; 73: 1221-1224
[PMID: 23117382 DOI: 10.1097/TA.0b013e3182701e62]
Dasgupta N, Matsumoto AH, Arslan B, Turba UC, Sabri S,
Angle JF. Embolization therapy for traumatic splenic lacerations.
Cardiovasc Intervent Radiol 2012; 35: 795-806 [PMID: 21674281
DOI: 10.1007/s00270-011-0186-y]
Pandey SK, Bhattacharya S, Mishra RN, Shukla VK. Anatomical
variations of the splenic artery and its clinical implications. Clin
Anat 2004; 17: 497-502 [PMID: 15300870 DOI: 10.1002/ca.10220]
Mayberry JC, Sheppard BC, Mullins RJ. Laparoscopic
management of an enlarging subcapsular splenic hematoma: case
report. J Trauma 1998; 44: 565-567 [PMID: 9529195]
Hamamci EO, Besim H, Bostanoglu S, Sonişik M, Korkmaz A.
Use of laparoscopic splenectomy in developing countries: analysis
of cost and strategies for reducing cost. J Laparoendosc Adv Surg
Tech A 2002; 12: 253-258 [PMID: 12269492 DOI: 10.1089/10926
4202760268023]
Li W, Cui ZX, Dong XT, Kang JS, Liu YL, Zhang XJ. Role of CT
angiography in the examinations of splenic artery and its branches.
Zhongguo Quanke Yixue 2010; 10: 3319-3321
Wang JB, Huang CM, Zheng CH, Li P, Xie JW, Lin JX, Lu J. Role
of 3DCT in laparoscopic total gastrectomy with spleen-preserving
splenic lymph node dissection. World J Gastroenterol 2014; 20:
4797-4805 [PMID: 24782634 DOI: 10.3748/wjg.v20.i16.4797]

P- Reviewer: Namikawa T

WJG|www.wjgnet.com

8397

S- Editor: Ma YJ

L- Editor: Cant MR
E- Editor: Zhang DN

July 21, 2015|Volume 21|Issue 27|

World J Gastroenterol 2015 July 21; 21(27): 8398-8407
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i27.8398

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Clinical Trials Study

SLITRK3 expression correlation to gastrointestinal stromal
tumor risk rating and prognosis
Chao-Jie Wang, Zi-Zhen Zhang, Jia Xu, Ming Wang, Wen-Yi Zhao, Lin Tu, Chun Zhuang, Qiang Liu, Yan-Yin Shen,
Hui Cao, Zhi-Gang Zhang
Data sharing statement: No additional data are available.

Chao-Jie Wang, Zi-Zhen Zhang, Jia Xu, Ming Wang, WenYi Zhao, Lin Tu, Chun Zhuang, Hui Cao, Department of
Gastrointestinal Surgery, Ren Ji Hospital, School of Medicine,
Shanghai Jiao Tong University, Shanghai 200127, China

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Qiang Liu, Yan-Yin Shen, Department of Pathology, Ren Ji
Hospital, School of Medicine, Shanghai Jiao Tong University,
Shanghai 200127, China
Chao-Jie Wang, Zhi-Gang Zhang, State Key Laboratory of
Oncogenes and Related Genes, Shanghai Cancer Institute, Ren
Ji Hospital, School of Medicine, Shanghai Jiao Tong University,
Shanghai 200240, China

Correspondence to: Hui Cao, MD, Department of Gastroin
testinal Surgery, Ren Ji Hospital, School of Medicine, Shanghai
Jiao Tong University, No. 1630 Dong fang Road, Shanghai
200127, China. caohuishcn@hotmail.com
Telephone: +86-21-68383711
Fax: +86-21-58394262

Author contributions: Wang CJ and Zhang ZZ contributed
equally to this study and were co-first authors; Wang CJ and
Zhang ZZ participated in data collection, data analysis, and wrote
the manuscript; Xu J, Wang M, Zhao WY, Tu L, Zhuang C, Liu Q,
and Shen YY participated in data collection and helped perform
the statistical analysis; Cao H and Zhang ZG conceived the study,
participated in its design, and provided critical revisions; all
authors read and approved the final manuscript.

Received: November 25, 2014
Peer-review started: November 26, 2014
First decision: January 8, 2015
Revised: February 13, 2015
Accepted: April 28, 2015
Article in press: April 28, 2015
Published online: July 21, 2015

Supported by National Natural Science Foundation of China
General Program, No. 81272743; Shanghai City Committee of
Science and Technology Key Project, No. 11411950800; and
Key Discipline Project of Renji Hospital, Shanghai Jiaotong
University School of Medicine, No. RJ4101304.
Institutional review board statement: Clinical materials
and samples were obtained with approval from the Ethical
Committees of Renji Hospital and Shanghai Jiaotong University
School of Medicine.

Abstract
AIM: To assess the influence of SLIT and NTRKlike family member 3 (SLITRK3) on the prognosis of
gastrointestinal stromal tumor (GIST) and determine
whether SLITRK3 can help improve current risk strati
fication systems.

Clinical trial registration statement: The clinical investigation
was carried out in accordance with the principles expressed in the
Declaration of Helsinki.
Informed consent statement: Written informed consent was
obtained from all participants.

METHODS: We hypothesized that SLITRK3 could be
used as a prognostic molecular biomarker for GIST.
35 fresh tumor samples and 417 paraffin-embedded
specimens from GIST patients were utilized. SLITRK3
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[1-4]

mRNA expression in GIST tumor tissue was detected
by real-time polymerase chain reaction, and SLITRK3
protein levels were estimated by immunohistochemistry.
The correlation of SLITRK3 expression with various
tumor clinicopathological characteristics and follow-up
data were analyzed.

gastric and colorectal cancer . Surgery is the primary
treatment option, but patients suffer from high-rates
of tumor recurrence or metastasis, resulting in death.
The majority of GISTs result from activating mutations
in c-KIT and alpha-type platelet-derived growth factor
[5]
receptor (PDGFRA) . Recent studies have shown
that adjuvant therapy with imatinib, a small molecule
tyrosine kinase inhibitor, can prolong both survival
[6]
and time to metastasis following surgery . However,
most micro-GISTs (less than 1 cm in diameter) have
little malignancy potential despite the presence of KIT
[7]
or PDGFRA mutations . Furthermore, a 2002 risk
assessment for aggressive GISTs showed that tumor
[8]
growth rates can be affected by numerous factors .
Together, this demonstrates the need for additional
prognostic molecular biomarkers to better characterize
tumor prognosis and guide treatment strategy.
Secretion of transmitters and hormones is regarded
as a hallmark of neuroendocrine cells and tumors.
Synaptic-like microvesicle proteins, such as amphiphysin,
synaptic vesicle protein, SV2, and synapsin 1, are
[9]
found in a majority of GISTs . Expression of these
proteins enables GISTs to secrete neurotransmitters
or hormones, suggesting that GISTs adopt a neuroen
docrine phenotype. SLITRK3 is one of the six isoforms
of SLIT and neurotropic tyrosine receptor kinase (NTRK)like family member (Slitrk1-6), which are neuronal
[10]
transmembrane proteins that control neurite growth .
Recently, SLITRK3 has been identified as a post-synaptic
adhesion molecule that selectively regulates inhibitory
synapse development and is important for normal
[11]
functional GABAergic synapse development . GABA
is a key inhibitory neurotransmitter and mediates
[12]
synaptic transmission, neural network development ,
and is involved in digestive diseases such as esophageal
[13-15]
reflux and gastric cancer
. GISTs may originate from
the interstitial cells of Cajal (ICCs), with pacemaker
potentials suggesting that mutations in genes involved
in synapse or neural development may underlie GIST
[9]
behavior . In agreement with this, we have previously
found that the expression of SLITRK3 was increased
in a high-risk group compared to a low-risk group
[16]
(unpublished data), and Milde et al
showed higher
SLITRK3 expression levels in lymphoma.
The aim of this study was to assess the influence
of SLITRK3 on the prognosis of GIST and determine
whether SLITRK3 can help improve current risk
stratification systems. We hypothesized that upregulation of SLITRK3 is strongly-associated with high
recurrence risk and poor prognosis in GIST patients. We
tested this by using qRT-PCR and immunohistochemistry
on GIST samples and examining the relationship to
patient outcome.

RESULTS: GIST tumors had high expression of SLITRK3
compared with adjacent normal tissues and the
expression level gradually increased with risk grade.
SLITRK3 protein expression was closely associated
with gastrointestinal bleeding, tumor site, tumor size,
mitotic index, and National Institutes of Health (NIH)
classification. Survival analysis showed that SLITRK3
expression was closely correlated with overall survival
and disease-free survival of GIST patients. Multivariate
analysis also identified SLITRK3 expression, mitotic
index, and NIH stage as significant risk factors of GIST
recurrence.
CONCLUSION: SLITRK3 expression is a highly signi
ficant predictor of GIST recurrence and metastasis.
Combinations of SLITRK3 and NIH stage have strong
predictive and prognostic value, and are feasible
markers for clinical practice in gastrointestinal stromal
tumor.
Key words: SLITRK3; Gastrointestinal stromal tumor;
Biomarkers; Non-epithelial tumors; Risk stratification
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Prognostic biomarkers are required to refine
risk stratification treatment strategies for gastroin
testinal stromal tumor (GIST). In this study, we hypo
thesized that SLIT and NTRK-like family member 3
(SLITRK3) could be used as a prognostic molecular
biomarker for GIST. The results indicated that SLITRK3
expression is a highly significant predictor of GIST
recurrence and metastasis. Combinations of SLITRK3
and NIH stage have strong predictive and prognostic
value, and are feasible markers for clinical practice in
gastrointestinal stromal tumor.
Wang CJ, Zhang ZZ, Xu J, Wang M, Zhao WY, Tu L, Zhuang
C, Liu Q, Shen YY, Cao H, Zhang ZG. SLITRK3 expression
correlation to gastrointestinal stromal tumor risk rating and
prognosis. World J Gastroenterol 2015; 21(27): 8398-8407
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i27/8398.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i27.8398

INTRODUCTION

MATERIALS AND METHODS

Gastrointestinal stromal tumors (GISTs) are the
[1]
most common non-epithelial tumors and the most
common type of gastrointestinal cancer following

WJG|www.wjgnet.com

Patients and samples

Formalin-ﬁxed parafﬁn-embedded (FFPE) tissue
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from the recipient block and transferred to glass slides
with an adhesive tape transfer system for ultraviolet
cross linkage.

Table 1 Risk level access of gastrointestinal stromal tumor
Risk level

Tumor size (cm)

Mitotic count
(50/HPF)

Primary tumor
location

Very low
Low
Medium

≤ 2.0
2.1-5.0
2.1-5.0
< 5.0
5.1-10.0
Any
> 10.0
Any
> 5.0
2.1-5.0
5.1-10.0

≤5

Any
Any
Stomach
Any
Stomach
Tumor rupture
Any
Any
Any
Non stomach
Non stomach

High

≤5

>5
6-10
≤5
Any
Any
> 10
>5
>5
≤5

Immunohistochemistry

The slides were baked at 56 ℃ for 1 h, de-paraffinized
in xylene for 20 min, and rehydrated through a
graded series of ethanol concentrations (5 min in
100% ethanol followed by 5 min in 70% ethanol).
Antigen retrieval was performed in a pressure
cooker for 10 min with 0.01 mol/L sodium citrate
buffer (pH 6.0). Endogenous peroxidase activity was
quenched with 0.3% hydrogen peroxide in methanol
at 37 ℃ for 30 min. Next, an SLITRK3 antibody
(NBP1-93619, Novus Biologicals, Colorado, United
States; concentration: 1:100) was applied to cover
the specimens overnight at 4 ℃, which was followed
by incubation with a labeled polymer-HRP anti-rabbit
secondary antibody (Dako, CA, United States) for
30 min at room temperature. Staining was detected
with diaminobenzidine (Thermo, MA, United States)
as chromogen and counterstained with hematoxylin
prior to coverslipping. The staining intensity and
percentage of positive cells were recorded by two
pathologists of Renji Hospital (Liu Q and Shen YY)
and a consensus score was obtained for each slide.
Immunohistochemical scoring was categorized as
follows: (1) staining intensity was scored from 0 to 3:
0 for no staining, 1 for weak staining, 2 for moderate
staining, and 3 for strong staining; (2) staining area
was graded into 0-3 levels: 0 for no staining area,
1 for extent to less than 1/3, 3 for more than 2/3,
and 2 for in-between; and (3) immunohistochemical
classification was based on the sum of intensity and
extent score: 0 as negative (-), 1-2 as weakly positive
(+), 3-4 as positive (++), and 5-6 as strongly positive
(+++). We further ranked the protein level into two
classes as (-) or (+) for SLITRK3 low expression while
(++) or (+++) was for SLITRK3 high expression.

sections were collected from GIST patients who
underwent surgery at Renji Hospital, Shanghai Jiaotong
University School of Medicine, China from 2004 to
2012. The inclusion criteria for this study were as
follows: (1) primary GIST cases with definite pathologic
[17]
diagnosis, as previously described ; (2) all cases
received surgical resection; and (3) no reoccurrence
or metastasis was detected. The exclusion criteria
were: (1) chemotherapy, radiotherapy, or other antitumor therapy before surgery; and (2) incomplete
clinicopathologic data. A total of 417 tumor tissue
samples, with tumor adjacent normal tissue available
for 139, were collected.
All cases were divided into four groups according
to the risk table published by the National Institutes
[8]
of Health (NIH) (Table 1) . Tissue microarray and
immunohistochemical staining were performed to access
the expression levels of SLITRK3 in these samples. The
follow-up data, including survival, reoccurrence, and
metastasis as re-examination results, were obtained
from outpatient medical records or from patients and
their relatives by telephone interview using a follow-up
questionnaire.
Additionally, 35 fresh frozen GIST specimens were
obtained between 2010 and 2012 from GIST patients who
received surgical resection at Renji Hospital, Shanghai
Jiaotong University School of Medicine, China. The samples
were used for qRT-PCR detection of SLITRK3 expression.

RNA extraction and RT-PCR conditions

Total RNA was extracted from fresh frozen GIST
specimens and GIST cells using RNAiso Plus (Takara,
Dalian, China) according to the manufacturer’s
instructions. RNA quantity and quality were measured
by NanoDrop 2000 (NanoDrop, DE, United States).
RNA integrity was assessed by standard denaturing
agarose gel electrophoresis. Reverse-transcription
®
reactions were performed with Prime Script RT
Master Mix (Takara, Dalian, China) according to the
manufacturer’s instructions. First-strand cDNA was
synthesized from 2 μg of total RNA.

Tissue microarray construction

Tissue microarrays were constructed by Suzhou Xinxin
Biotechnology Co., Ltd (Xinxin Biotechnology Co,
Suzhou, China). First, 139 GIST tissues with paired
tumor adjacent normal tissues were used to construct
3 microarrays, while the other 278 GIST tissues
were used to construct another 4 microarrays. Tissue
paraffin blocks of GIST samples were stained with
hematoxylin-eosin to confirm the diagnoses, and were
marked at fixed points with most typical histological
characteristics under a microscope. Two 1.6 mm cores
per donor block were transferred into a recipient block
tissue microarray, with each dot array containing fewer
than 160 dots. Three-micron-thick sections were cut

WJG|www.wjgnet.com

Quantitative real-time PCR

All qRT-PCR primer sequences were obtained from the
Primer Bank database (http://pga.mgh.harvard.edu/
primerbank/) (Table 2). Relative quantification of cDNA
samples were measured by the SYBR-Green method in
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Table 2 Quantitative real-time PCR primer for candidate genes and endogenous reference gene
Gene name
SLITRK3
18S

Primer

Sequence (5'-3')

Tm (℃)

Amplicon size (bp)

Forward
Reverse
Forward
Reverse

TTCCATAGCTGAGATGCTTCACA
GGAATCGGGGTAGTCCATCC
GTAACCCGTTGAACCCCATT
CCATCCAATCGGTAGTAGCG

61.4
61.2
60.4
61.7

87

Table 4 Expression levels of SLITRK3 in gastrointestinal
stromal tumor and adjacent non-tumor tissues n (%)

Table 3 Patient and tumor characteristics
n (%)

Clinicopathological factors
Gender
Age (yr)

Gastrointestinal bleeding
Primary tumor site

Predominant cell type

Primary tumor size (cm)

Mitotic index (per 50 HPFs)

NIH stage

Recurrence

Death from illness

151

Male
Female
≤ 60
> 60
Median
No
Yes
Stomach
Small bowel
Colon
Others
Spindle
Epithelioid
Mixed
0-5
5.1-10
> 10
Median
0-5
6-10
> 10
Very low risk
Low risk
Intermediate risk
High risk
No
Yes
Insufficient data
No
Yes
Insufficient data

Tissue

226 (54.2)
191 (45.8)
223 (53.5)
194 (46.5)
60
315 (75.5)
102 (24.5)
229 (54.9)
123 (29.5)
21 (5.0)
44 (10.6)
271 (65.0)
54 (12.9)
92 (22.1)
202 (48.4)
138 (33.1)
77 (18.5)
5.5
309 (74.1)
60 (14.4)
48 (11.5)
33 (7.9)
154 (36.5)
67 (16.1)
163 (39.1)
331 (79.4)
71 (17.0)
15 (3.6)
376 (90.2)
26 (6.2)
15 (3.6)

Tumor
Non-tumor tissue

SLITRK3 level
14 (11)
91 (69)

+
37 (28)
33 (25)

++
49 (37)
5 (4)

+++
31 (24)
2 (2)

analysis had access to the next multivariate analyses.
Statistical analyses were all performed using SPSS
19.0 software (Chicago, IL, United States). All
statistical tests were 2-sided, and P-value differences
< 0.05 were considered statistically significant. All
statistical analysis was reviewed and confirmed by ZhiGang Zhang.

RESULTS
Patient and tumor characteristics

Detailed clinicopathological data is shown in Table 3.
Of the 417 paraffin-embedded GIST tissue samples,
the predominant cell types were spindle cell (n = 271;
65.0%), epithelioid cell (n = 54; 12.9%), and mixed
(n = 92; 22.1%). The maximum tumor diameter
detected in GIST patients ranged from 0.5 to 30 cm
(median: 5.5 cm). Risk stratification was performed
according to the NIH risk classification, and suggested
that there were 33 (7.9%) very low-risk cases, 154
(36.9%) low-risk cases, 67 (16.1%) intermediate-risk
cases, and 163 (39.1%) high-risk cases.

®

a final volume of 20 μL with Power SYBR Green PCR
Master Mix (Applied Biosystems, NY, USA) according
to the manufacturer’s instructions. All reactions were
performed on ABI ViiA™ 7 Real-Time PCR System
(Applied Biosystems, NY, United States) in triplicate and
the results were analyzed by ViiA™ 7 software. The
-△Ct
2
method was used to quantify the relative gene
expression levels and 18S was used for normalization.

GIST tumors have high expression of SLITRK3 protein
compared with adjacent normal tissues

We performed immunohistochemistry in 139 GIST
tissue samples which had both tumor (T) and adjacent
non-tumor (N) tissue to determine if expression levels
of SLITRK3 differed between tumor and non-tumor
tissue. The results showed that SLITRK3 protein was
expressed at different levels in different tissue samples
and was divided into four classes, as described in
materials and methods (Figure 1A). Most of the
adjacent non-tumor tissues were (-) or (+), while
most tumor samples ranged from (+) to (+++) (Figure
1B and Table 4), indicating higher SLITRK3 protein
levels in tumor samples. The difference between tumor
and paired adjacent normal tissues (T-N), ranging
from -1 to 3 [(-) for 0 and (+++) for 3], revealed that
SLITRK3 expression was increased in 76.3% (100/131)
of GIST tumors where T-N > 0 (Figure 1C). Wilcoxon

Statistical analysis

For comparisons, one-way analyses of variance,
Wilcoxon signed rank test, and chi-squared tests
were performed where appropriate. Kaplan-Meier
curves were used to visualize biomarker expression,
and NIH risk stage with respect to overall survival
(OS) and disease-free survival (DFS) data. Univariate
and multivariate analyses were based on the Cox
proportional hazards regression model. Only those
factors statistically significant (P < 0.05) in univariate
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A
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(+)

B
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69%
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C
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37%
25%

40
20

28%

24%
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Number of samples

Number of samples

80
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20
10

3%

2%
0

0
(-)

(+)
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-1
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SLITRK3 staining class

0
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2

3

SLITRK3 score (tumor-nontumor)

Figure 1 Immunohistochemistry of SLITRK3 in gastrointestinal stromal tumor and adjacent non-tumor tissues. A: Representative images of SLITRK3
expression levels detected in tumor and adjacent tissue; B: Frequency distribution of SLITRK3 staining scores in tumor and adjacent non-tumor tissues; C: Frequency
distribution of different SLITRK3 expression levels calculated by normalizing the SLITRK3 expression score in tumor against that in adjacent non-tumor tissues.

signed rank test further confirmed that GIST tumors
have a significantly higher expression of SLITRK3
protein than adjacent normal tissue tumor samples (P
< 0.001).

analyzed by qRT-PCR in 35 fresh GISTs samples. The
relative expression level of SLITRK3 mRNA in the low
risk group (n = 13), intermediate risk group (n = 10),
and high risk group (n = 12) were 0.002 ± 0.002, 0.008
± 0.009, and 0.011 ± 0.009, respectively, indicating
a gradually increasing trend. SLITRK3 expression in
GIST tumor tissues of the intermediate and high risk
groups were significantly higher than those of the lowrisk group (P = 0.003 and P = 0.044) (Figure 2).

SLITRK3 protein expression level is closely correlated
with clinicopathological factors in GIST

In order to better understand the significance of
SLITRK3 expression in GIST tumor tissues, we
expanded the tissue microarray sample size to 417
cases (4 cases were off-chip and not included in
the statistics). Among the 413 GIST tumor tissues,
SLITRK3 staining was strongly positive (+++) in 85
cases (20.6%), positive (++) in 142 cases (34.4%),
weakly positive (+) in 112 cases (27.1%), and
negative (-) in 74 cases (17.9%). We then ranked
the protein level into two classes: (-) or (+) for low
expression and (++) or (+++) for high expression, in
order to further investigate the relationship between
SLITRK3 and clinicopathological factors in GIST. Chisquare test revealed that the SLITRK3 protein level
was not associated with gender, age, or predominant
cell type, but was closely related with gastrointestinal
bleeding, primary tumor site, primary tumor size,
mitotic index, and NIH classification (Table 5).

SLITRK3 is a predictor for poor prognosis in GIST
patients

The relationship between SLITRK3 expression and
overall survival (OS) or disease-free survival (DFS)
in GIST patients was investigated. All 398 cases with
complete follow-up data were classified into four
classes according to SLITRK3 expression levels and
calculated according to the Kaplan-Meier method. The
5-year OS rates decreased successively from 100% in
(-), 99.0% in (+), 86.7% in (++), and 57.4% in (+++)
(Log-Rank-test, P < 0.001) (Figure 3A). Meanwhile,
the 5-year DFS rates also decreased successively
form 91.7% in (-), 78.6% in (+), 71.6% in (++), and
41.8% in (+++) (Log-Rank-test, P < 0.001) (Figure
3B).
To further investigate whether SLITRK3 can be
used as an independent predictor associated with
poor prognosis in GIST, univariate and multivariate
analysis were performed. Univariate analysis revealed
that primary tumor size, mitotic index, NIH stage,

SLITRK3 mRNA expression is up-regulated in fresh
tumor tissues with higher NIH risk

To further confirm SLITRK3 expression in GIST, the
relative expression levels of SLITRK3 mRNAs were
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Table 5 Correlations between SLITRK3 expression and clinicopathological factors in 417 gastrointestinal stromal tumor patients
Clinicopathological factors

1

Gender

SLITRK3 expression
Male
Female
≤ 60
> 60
No
Yes
Stomach
Small bowel
Colon
Others
Spindle
Epithelioid
Mixed
≤ 5 cm
> 5 cm
≤ 5/50 HPF
> 5/50 HPF
Very low risk
Low risk
Intermediate risk
High risk

Age (yr)
Gastrointestinal bleeding
Primary tumor site

Predominant cell type

Primary tumor size
Mitotic index
NIH stage

Low

High

100
85
99
87
153
33
120
34
14
18
126
26
34
116
70
157
29
28
87
25
46

123
104
121
106
160
67
106
88
7
26
144
27
56
83
144
149
78
3
67
41
116

Number of patients
224
189
220
193
313
100
226
122
21
44
270
53
90
199
214
306
107
31
154
66
162

χ2

P value2

0.001

1.000

0.000

1.000

7.722

0.006

24.730

< 0.0013

2.552

0.279

27.260

< 0.0013

18.763

< 0.0013

53.340

< 0.0013

1

Cases with missing data were not included for analysis; 2P-value by χ 2 test; 3Statistically significant (P < 0.01).

model A, SLITRK3 expression instead of NIH stage in
model B, and both in model C. In model A, primary
tumor site, mitotic index, and NIH stage were statis
tically significant indicators of poor DFS, and model B
showed that SLITRK3 expression is also a significant
indicator of poor DFS. Importantly, in model C, SLITRK3
expression (but not NIH stage) was an independent
risk factor for GIST recurrence.

b
-1

SLITRK3 relative expression
(normalized by 18s)

10

-2

10

-3

10

SLITRK3 index is helpful to improve the accuracy of NIH
risk stratification system

1 vs 2 P = 0.044

-4

10

a

2 vs 3 P = 0.403

In order to find out whether SLITRK3 can help improve
the NIH stage, we further investigated a subgroup
of 152 high risk cases. The Kaplan-Meier analysis
revealed that the 5-year DFS rate in the SLITRK3
(+++) group was significantly lower than the others
(20.3% vs 52.7%, Log-Rank-test, P = 0.018) (Figure
4).
Furthermore, we found that 71 patients suffered
from disease recurrence, mostly with an original high
NIH risk rating. Kaplan-Meier curve analysis based
on SLITRK3 expression of these patients showed that
1-year and 3-year OS rates in the SLITRK3 (-), (+),
(++) group was 83.3% and 61.7%, respectively;
the SLITRK3 (+++) group was 58.5% and 9.7%,
respectively (Log-Rank-test, P =0.003) (Figure 5).

1 vs 3 P = 0.003
-5

10

1

2

3

Figure 2 SLITRK3 mRNA expression in 35 gastrointestinal stromal tumor
tissues with different risk grades (aP < 0.05, group 1 vs group 2; bP <
0.01, group 1 vs group 3). The SLITRK3 mRNA levels in GIST tumor tissues
of the high risk group (group 3) and intermediate risk group (group 2) were
significantly higher than those of the low-risk group (group 1) (P = 0.003 and P
= 0.044).

and SLITRK3 expression were significantly associated
with OS (Table 6). Univariate analysis revealed that
primary tumor site, primary tumor size, mitotic index,
NIH stage, and SLITRK3 expression were significantly
associated with DFS (Table 7).
Only those factors with statistically significant
relationships with DFS in the univariate analysis were
entered in the Cox’s proportional-hazard model for
multivariate analysis (Table 8). The NIH stage is based
on primary tumor site, tumor size, and mitotic index,
and correlated with each of them strongly, so we
developed 3 models for multivariate analysis. Analysis
included NIH stage without SLITRK3 expression in

WJG|www.wjgnet.com

DISCUSSION
In the current study, we examined the correlation
between SLITRK3 and GLIST behavior and survival.
We found that SLITKR3 was expressed more highly in
tumor tissue, correlated well with clinicopathological
features, and predicted poor survival in patients. Most
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Figure 3 Overall survival (A) and disease-free survival (B) of 398 gastrointestinal stromal tumors according to SLITRK3 expression.

Table 6 Univariate analysis of factors influencing overall survival in 402 patients with gastrointestinal stromal tumor
5-yr OS rate (%)

OS HR (95%CI)

P value

81.3: 89.2
88.9: 80.0
86.8: 81.2
83.0: 86.8
87.7: 82.4: 88.8
99.2: 74.0
96.5: 83.0: 39.7
100.0: 100.0: 88.6: 70.3
100.0: 99.0: 86.7: 57.4

0.508 (0.221-1.169)
2.186 (0.989-4.832)
1.259 (0.559-2.837)
1.143 (0.529-2.470)
0.935 (0.586-1.491)
22.726 (3.079-167.742)
4.727 (2.887-7.740)
8.005 (2.365-27.098)
4.164 (2.227-7.786)

0.111
0.053
0.578
0.733
0.778
0.0021
< 0.0011
0.0011
< 0.0011

Factor
Gender
Age (yr)
Gastrointestinal bleeding
Primary tumor site
Predominant cell type
Primary tumor size (cm)
Mitotic index (HPFs)
NIH stage
SLITRK3 expression

Male: Female
≤ 60: > 60
No: Yes
Gastric: Non-gastric
Spindle: Epithelioid: Mixed
≤ 5: > 5
≤ 5/50: 6-10/50: > 10/50
Very low: Low: Mid: High
(-): (+): (++): (+++)

1

Statistically significant (P < 0.01). Mid: Intermediate.

Table 7 Univariate analysis of factors influencing disease-free survival in 402 patients with gastrointestinal stromal tumor
5-yr DFS rate (%)

DFS HR (95%CI)

P value

69.0: 69.7
72.1: 65.6
71.6: 65.7
81.5: 59.4
72.0: 67.1: 71.3
92.2: 50.8
84.2: 50.7: 19.0
100.0: 93.3: 87.1: 40.0
91.7: 78.6: 71.6: 41.8

0.643 (0.398-1.038)
1.285 (0.806-2.049)
1.425 (0.874-2.322)
2.669 (1.623-4.388)
0.877 (0.661-1.164)
8.183 (3.921-17.079)
3.289 (2.545-4.253)
5.421 (3.249-9.045)
2.082 (1.575-2.753)

0.071
0.292
0.155
0.0011
0.365
< 0.0011
< 0.0011
< 0.0011
< 0.0011

Factor
Gender
Age (yr)
Gastrointestinal bleeding
Primary tumor site
Predominant cell type
Primary tumor size (cm)
Mitotic index (HPFs)
NIH stage
SLITRK3 expression

Male: Female
≤ 60: > 60
No: Yes
Gastric: Non-gastric
Spindle: Epithelioid: Mixed
≤ 5: > 5
≤ 5/50: 6-10/50: > 10/50
Very low: Low: Mid: High
(-): (+): (++): (+++)

1

Statistically significant (P < 0.01). Mid: Intermediate; DFS: Disease-free survival.

importantly, increasing SLITKR3 expression correlated
with decreased overall survival and disease-free
survival.
Currently, risk stratification schemes for operable
GIST, such as the NIH consensus criteria, modified
consensus criteria, and AFIP-Miettinen criteria, all depend
[8,18-20]
on tumor site, tumor size, and mitosis index
.
Mitosis count is one of the most valuable prognostic
factors in GIST, but has limitations and controversial
[21]
reliability . Observation of mitosis can be subjective,
time consuming, and affected by the high power field

WJG|www.wjgnet.com

(HPF) area of the microscope and tissue fixation time.
A previous study using 16 different pathologists and
different microscopes resulted in a wide counting range
[22]
from the same sample . Moreover, according to
current risk stratification, abrupt changes can occur in
estimating risk of recurrence when the tumor size or
mitosis index is close to a cutoff value. This is especially
important due to the existence of small and mitotically
[1,23,24]
inactive malignant GISTs
. Together, these factors
suggest that the current risk criteria can be improved
significantly.
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Table 8 Multivariate analysis of factors influencing disease-free survival in 402 patients with gastrointestinal stromal tumor
Factor

Model A

Primary tumor site
Primary tumor size (cm)
Mitotic index (HPFs)
NIH stage
SLITRK3 expression

Gastric: Non-gastric
≤ 5: > 5
≤ 5/50: 6-10/50: > 10/50
Very low: Low: Mid: High
(-): (+): (++): (+++)

Model B

Model C

DFS HR
(95%CI)

P value

DFS HR
(95%CI)

P value

DFS HR
(95%CI)

P value

1.762 (1.036-2.999)
1.388 (0.567-3.398)
2.027 (1.494-2.749)
2.753 (1.426-5.314)

0.0371
0.473
< 0.0012
0.0032

2.046 (1.232-3.401)
3.370 (1.545-7.351)
2.549 (1.930-3.366)

0.0062
0.0022
< 0.0012

1.508 (1.151-1.976)

0.0032

1.593 (0.928-2.733)
1.183 (0.477-2.934)
2.032 (1.496-2.760)
2.707 (1.387-5.283)
1.465 (1.114-1.928)

0.091
0.717
< 0.0012
0.0042
0.0062

1

Statistically significant (P < 0.05); 2Statistically significant (P < 0.01). Model A includes analysis of NIH stage without SLITRK3; model B includes SLITRK3
without NIH stage; model C includes both of them. Mid = intermediate.

use of IM adjuvant therapy.
SLITRK3 is expressed predominantly in neural
[28]
tissues and has neurite-modulating activity . However,
the function of SLITRK3 in solid tumors is poorly
studied. In our previous study (unpublished data), the
expression of SLITRK3 monotonically increased from
the low-risk group to the high-risk group. We found that
SLITRK3 was also up-regulated in tumor compared to
non-tumor tissue by using immunohistochemistry and
qRT-PCR. This finding is in agreement with Milde et
[16]
al , who demonstrated that SLITRK3 was up-regulated
in lymphoma. SLITRK3 expression was also associated
with a higher incidence of GI bleeding, a common
symptom of GIST and a good indicator for high[29,30]
risk patients
. Furthermore, SLITRK3 expression
correlated with NIH risk classification, and the reduced
overall survival and disease-free progression suggests
that elevated expression of SLITRK3 is a good tumor
biomarker candidate, particularly for aggressive GISTs.
The function and mechanism of SLITRK3 protein
in the malignant processes of GIST it still unclear,
necessitating the need for experiments both in vitro
and in vivo. However, it is very likely that there are
other potential GIST risk-related genes, as suggested
by our previous gene microarray (unpublished data).
In agreement with this, the potassium channel
tetramerization domain containing protein 10 (KCTD10)
[31]
has been shown to correlate with GIST prognosis .
Future studies and identification of novel prognostic
biomarkers will help further stratify risk groups and
direct treatment strategies for GIST.
Our detailed analysis showed that SLITRK3
mRNA expression level increased according to NIH
risk classification. We found that SLIRTK3 protein
level was closely associated with tumor site, tumor
size, and mitotic index. As current risk stratification
schemes are mainly based on these three features,
it is not surprising that up-regulation of SLIRTK3
is strongly associated with a high-risk NIH grade.
However, we found that NIH stage was a significant
unfavorable factor for OS in univariate analysis, but not
multivariate analysis. This suggests that the current
NIH criteria is very likely not an optimal prognostic
tool. We found that under all circumstances that
SLITRK3 expression was a significant predictor of poor

Ⅰ. SLITRK3 (-)(+)(++) (n = 97)
Ⅱ. SLITRK3 (+++) (n = 55)

Disease free survival (%)
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Log-Rank-test, P = 0.018

80
60
40
20
0

0

20

40

60

80

100
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Figure 4 Disease-free survival analysis in a subgroup of 152 high risk
cases.

Ⅰ. SLITRK3 (-)(+)(++) (n = 39)
Ⅱ. SLITRK3 (+++) (n = 32)

OS after recurrence (%)
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Figure 5 Overall survival analysis in 71 patients after recurrence.

We found that the clinical measurements in our
study, including age, sex, tumor size, and mitoses index,
[21,25-27]
were all similar to previously reported studies
.
Patients who suffered from disease recurrence or death
were mainly from the high-risk group. The 5-year
OS and DFS rate of our database were 85.0% and
69.4%, respectively, compared with 72.3% and 70.5%,
respectively, from a large multicenter, retrospective
analysis of clinical data published in Lancet Oncology
[21]
2012 . The better 5-year OS rate of our study might
reflect differences in standardized treatment and the
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4

prognosis. Therefore, we believe that the combination
of SLITRK3 expression and NIH criteria will better
stratify post-operative GIST patients. Many patients
with operable GIST can be cured by surgery alone and
may not benefit from IM adjuvant therapy. Given the
expense of IM adjuvant therapy and its associated
[32]
side effects , an improved selection of patients for
adjuvant therapy will be of clinical benefit. Due to the
poor prognosis and reduced OS, we strongly suggest
that patients with high SLITRK3 expression, especially
those who also are in the NIH high-risk groups, receive
IM adjuvant therapy and close follow-up management
after surgery.
In conclusion, we have identified SLITRK3 as a
novel prognostic molecular biomarker that may help
guide treatment of GIST.

5
6

7
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Recent studies have shown that adjuvant therapy with imatinib, a small
molecule tyrosine kinase inhibitor, can prolong both survival and time to
metastasis following surgery. However, most micro-gastro intestinal stromal
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Abstract
AIM: To investigate the characteristics of gastric
cancer and gastric mucosa in a Mongolian population
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pylori was higher in Mongolian compared to Japanese
patients (75.9% vs 48.3%, P < 0.0001). Mongolian
patients were infected with non-East-Asian-type H.
pylori strains. Atrophic and intestinal metaplasia scores
were lower in H. pylori -infected Mongolian patients
compared to Japanese patients (P < 0.0001). The

by comparison with a Japanese population.
METHODS: A total of 484 Mongolian patients with
gastric cancer were enrolled to study gastric cancer
characteristics in Mongolians. In addition, a total of 208
Mongolian and 3205 Japanese consecutive outpatients
who underwent endoscopy, had abdominal complaints,
no history of gastric operation or Helicobacter pylori
eradication treatment, and no use of gastric secretion
inhibitors such as histamine H2-receptor antagonists or
proton pump inhibitors were enrolled. This study was
conducted with the approval of the ethics committees
of all hospitals. The triple-site biopsy method was
used for the histologic diagnosis of gastritis and H.
pylori infection in all Mongolian and Japanese cases.
The infection rate of H. pylori and the status of gastric
mucosa in H. pylori -infected patients were compared
between Mongolian and Japanese subjects. Age (± 5
years), sex, and endoscopic diagnosis were matched
between the two countries.

type of gastritis changed from antrum-predominant
gastritis to corpus-predominant gastritis with age in both
populations.
Matsuhisa T, Yamaoka Y, Uchida T, Duger D, Adiyasuren
B, Khasag O, Tegshee T, Tsogt-Ochir B. Gastric mucosa in
Mongolian and Japanese patients with gastric cancer and
Helicobacter pylori infection. World J Gastroenterol 2015;
21(27): 8408-8417 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i27/8408.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8408

RESULTS: Approximately 70% of Mongolian patients
with gastric cancer were 50-79 years of age, and
approximately half of the cancers were located in the
upper part of the stomach. Histologically, 65.7% of
early cancers exhibited differentiated adenocarcinoma,
whereas 73.9% of advanced cancers displayed
undifferentiated adenocarcinoma. The infection rate
of H. pylori was higher in Mongolian than Japanese
patients (75.9% vs 48.3%, P < 0.0001). When
stratified by age, the prevalence was highest among
young patients, and tended to decrease in patients
aged 50 years or older. The anti-East-Asian CagAspecific antibody was negative in 99.4% of H. pylori positive Mongolian patients. Chronic inflammation,
neutrophil activity, glandular atrophy, and intestinal
metaplasia scores were significantly lower in Mongolian
compared to Japanese H. pylori -positive patients (P <
0.0001), with the exception of the intestinal metaplasia
score of specimen from the greater curvature of the
upper body. The type of gastritis changed from antrumpredominant gastritis to corpus-predominant gastritis
with age in both populations.

INTRODUCTION
Helicobacter pylori (H. pylori) infections cause not only
[1,2]
peptic ulcer disease, but also gastric cancer . Among
H. pylori strains, there is a Western-type and an EastAsian-type; the East-Asian-type strain greatly influences
the development of atrophic gastritis and gastric
cancer. Mongolia, South Korea, and Japan are located in
Eastern Asia and have the highest incidence of gastric
cancer in the world [age-standardized incidence rates
(ASR): 47.4 cases per 100000 males, 62.3 cases per
100000 males, and 45.8 cases per 100000 males,
[3]
respectively] . In spite of the high prevalence of H.
[4,5]
[6]
pylori infection in Bangladeshi , Thai , and Indian
populations, the incidence of gastric cancer in these
countries is extremely low. These trends have been
[7]
[8]
denoted as Asian enigmas or the Asian Paradox .
In this report, the characteristics of gastric cancer, H.
pylori infection, and gastric mucosa in Mongolian and
Japanese patients were observed and compared.

MATERIALS AND METHODS

CONCLUSION: Gastric cancer was located in the upper
part of the stomach in half of the Mongolian patients;
Mongolian patients were infected with non-East-Asiantype H. pylori .

Patients

Between January 2011 and December 2013, 484
consecutive gastric cancer patients (mean age: 60.5
years, range, 26-93 years; male-to-female ratio of
1:0.51) in the Department of Endoscopy of Ulaanbaatar
Songdo Hospital (Ulaanbaatar, Mongolia) were enrolled to
study the characteristics of gastric cancer in Mongolian
patients.
In addition, we performed endoscopy on 208
consecutive outpatients (mean age: 41.6 years, range,
17-79 years; male-to-female ratio of 1:1.89) at the
Department of Gastroenterology, Health Sciences
University of Mongolia, the Department of Endoscopy,
Ulaanbaatar Songdo Hospital, and the Department
of Gastroenterology, Third Central State Hospital in

Key words: Chronic inflammation; Gastric cancer; Glan
dular atrophy; Helicobacter pylori ; Intestinal metaplasia;
Japanese; Mongolian; Neutrophil activity; Non-EastAsian-type strain
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Characteristics of gastric cancer and gastric
mucosa in Mongolian patients were observed; appro
ximately half of the cancers were located in the upper
part of the stomach. The infection rate of Helicobacter
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#3: lesser curvature
of the lower body
[Angulus]

#1: greater curvature
of the lower antrum
[Antrum]

cancer was defined as cancer that had infiltrated a
[9]
deeper layer than the muscularis propria .
Papillary adenocarcinoma, well-differentiated type,
and moderately-differentiated type were considered
differentiated adenocarcinoma, and poorly differentiated
adenocarcinoma, signet-ring cell carcinoma, and mucinous
adenocarcinoma were considered undifferentiated
[9]
adenocarcinoma . Gastric cancer in Mongolian patients
included endoscopically operated patients (endoscopic
submucosal dissection or endoscopic mucosal resection),
surgically operated patients, patients not operated on,
and inoperable patients. Biopsy specimens were used
for the histologic diagnosis of gastric cancer. Cancers
were diagnosed by a single Mongolian pathologist (T
Baldandorj).

#2: greater curvature
of the upper body
[Corpus]

#4: from ulcers or
cancer lesions

Figure 1 Triple-site biopsy. Triple-site biopsy specimens were used for the
histologic diagnosis of chronic inflammation, neutrophil activity, glandular
atrophy, intestinal metaplasia and Helicobacter pylori in the gastric mucosa.

Diagnosis of gastritis and H. pylori infection

Ulaanbaatar, Mongolia in November 2013. The data
were compared with our independent endoscopy
survey of 3205 consecutive outpatients (mean age:
55.1 years, range, 14-93 years male-to-female ratio
of 1:0.73) at Nippon Medical School between January
2008 and March 2014 in Tokyo, Japan. All patients in
both countries had abdominal complaints, no history
of gastric operation or H. pylori-eradication treatment,
and no use of gastric secretion inhibitors such as
histamine H2-receptor antagonists or proton pump
inhibitors.
This study was conducted with the approval of the
ethics committees of all hospitals. Written informed
consent to participate in the study was obtained
from all patients except minors, whose consent was
obtained from the guardian. All endoscopy procedures
in Mongolian patients were performed by T Matsuhisa
and Y Yamaoka using the same criteria used for
the Japanese patients. All endoscopy procedures in
Japanese patients were performed by T Matsuhisa.

Classification of gastric cancer

The 3rd English edition of the Japanese Classification of
Gastric Carcinoma was used for histologic classification
and to describe the location of the gastric cancer:
[9]
upper (U), middle (M), and lower (L) . Cancer lesions
involved in more than two regions were excluded.
Among gastric cardia cancers, cancers in the stomach
< 2 cm distal to the esophagogastric junction were
included in the cases of the U region. Nishi’s criterion
(in Japanese) was used for the definition of gastric
cardia cancer (esophagogastric cancer). According
to this criterion, the tumor center must be located
in the stomach or esophagus within 2 cm of the
esophagogastric junction, irrespective of histology.
rd
This criterion is also included in the 3 English edition
[9]
of Japanese Classification of Gastric Carcinoma .
The locations of gastric cancers were diagnosed by
Mongolian doctors (T Tegshee and B Adiyasuren).
Cancer limited to mucosa or submucosa was defined
as early gastric cancer, regardless of the presence or
[9]
absence of lymph node metastases . Advanced gastric

WJG|www.wjgnet.com

[5,6,10,11]

The triple-site biopsy method (Figure 1)
was
used for the histologic diagnosis of gastritis and H.
pylori infection in all Mongolian and Japanese cases.
Chronic inflammation, neutrophil activity, glandular
atrophy, intestinal metaplasia, and H. pylori were
scored using a 4-point scale ranging from 0 to 3 (0:
none, 1: mild, 2: moderate, and 3: severe) based on
[12]
the Updated Sydney system . Specimen #1 was
taken from the greater curvature of the lower antrum
(antrum), specimen #2 was taken from the greater
curvature of the upper corpus (corpus), and specimen
#3 was taken from the lesser curvature of the lower
corpus (angulus). Specimen #4 and others were taken
from ulcers or cancer lesions.
In Mongolian endoscopy cases, all biopsy specimens
were subjected to hematoxylin-eosin, Giemsa, and antiEast-Asian CagA-specific antibody (α-EAS Ab) staining in
[13]
Japan . α-EAS Ab is specifically immunoreactive with
East-Asian CagA but not Western CagA. All Japanese
cases were subjected to hematoxylin-eosin and Giemsa
staining. One pathologist (N Yamada) diagnosed all
sections to minimize any bias in the histologic diagnoses.
In total, 203 pairs from 208 Mongolian and 3205
Japanese patients matched by age (± 5 years), sex,
and endoscopic diagnosis were used to compare the
prevalence of H. pylori infection between the two
countries.
From 158 H. pylori-positive Mongolian and 1736 H.
pylori-positive Japanese patients matched by age (±
5 years), sex, and endoscopic diagnosis, 137 pairs of
H. pylori-positive patients were used to compare the
characteristics of gastric mucosa.

Corpus/antrum activity score (C/A) ratio

The C/A ratio was used to diagnose the type of
[10,11]
gastritis in H. pylori-positive patients
. The C/A
ratio in every age group was calculated using the mean
score of C divided by the mean score of A. Patients
with a C/A ratio < 1 were assessed as having antrumpredominant gastritis and those with a C/A ratio > 1
were assessed as having corpus-predominant gastritis.
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Figure 2 Analysis of gastric cancer in Mongolian patients.
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29.5

25.4

24.7

28.1

n = 370
0%

20%

20%

60%

80%

100%

Figure 3 Distribution of gastric cancer in Mongolian patients.

Statistical analysis

region: 7 cases; all were advanced gastric cancer)
were excluded. The affected area of early gastric
cancer and advanced gastric cancer was also largest in
the U region (47.5% and 45.8%, respectively). Among
gastric cancer in Mongolian patients, gastric cardia
cancer accounted for 3.9% (19/484) of total gastric
cancer.
A greater percentage of total gastric cancer cases
were undifferentiated adenocarcinoma (61.8%) than
differentiated adenocarcinoma (37.2%). Similarly,
in advanced gastric cancer, cases of undifferentiated
adenocarcinoma (73.9%) were greater than those
of differentiated adenocarcinoma (25.2%) (Figure
4). By contrast, in early gastric cancer, differentiated
adenocarcinoma (65.7%) was more prevalent than
undifferentiated adenocarcinoma (32.9%).

McNemar’s test was used to compare the prevalence
of H. pylori infection, and the Mann-Whitney U test
was used to compare the gastric mucosa. P < 0.05
was considered significant.

RESULTS
Characteristics of gastric cancer in Mongolian patients

In 484 consecutive cases of gastric cancer in Mongolian
patients, early gastric cancer accounted for 29.5%
(143/484). When stratified by age group, total
gastric cancer, early gastric cancer, and advanced
gastric cancer were most frequent in patients in their
60s, followed by those in their 50s and then 70s,
accounting for 71.9%, 72.0%, and 71.8% of these
cancers, respectively (Figure 2). Moreover, 6.5%-9.8%
of gastric cancer presented in young adults aged 39
years and younger. The male-to-female ratio was
1:0.51.
The percentages of the sites most affected by total
gastric cancer were 46.5% in the U region, followed
by 28.1% in the L region, and 25.4% in the M region
(Figure 3). Lesions occurring in two or three regions
(UM region: 91 cases, ML region: 16 cases, UML

WJG|www.wjgnet.com

Infection rate of H. pylori

The infection rate of H. pylori was 76.0% (158/208
patients) in Mongolian patients. When stratified by age,
H. pylori infection was highest among young people (<
19 years: 88.9%; 20-29 years: 76.9%; 30-39 years:
89.7%), and tended to decrease in people 50 years
of age and older (50-59 years: 68.4%; 60-69 years:
61.5%; 70 years or older: 71.4%) (Figure 5).
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Figure 4 Histologic distribution of gastric cancer in Mongolian patients. Analysis of the percentages of differentiated adenocarcinoma (papillary adenocarcinoma
[pap], well-differentiated type [tub1], and moderately differentiated type [tub2]) and undifferentiated adenocarcinoma (poorly differentiated adenocarcinoma [por] and
signet-ring cell carcinoma [sig]).
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Figure 5 prevalence of Helicobacter pylori infection in Mongolian patients
according to age.

Figure 6 Corpus/antrum activity score ratio in Helicobacter pylori-positive
Mongolian and Japanese patients matched by age, sex, and endoscopic
diagnostics. Corpus/antrum (C/A) ratio < 1 indicates antrum-predominant
gastritis, whereas ratio > 1 corpus-predominant gastritis.

The infection rate of H. pylori was higher in Mon
golian than in Japanese patients (75.9% vs 48.3%, P <
0.0001).

patients > 50 years and 40 years, respectively (Figure
6). The mean C/A ratio of the Japanese patients > 60
years of age was higher than that of the Mongolian
patients (1.43 vs 1.01; P < 0.01).

α -EAS Ab positivity

α-EAS Ab was negative in 99.4% (157/158 patients)
of H. pylori-positive Mongolian patients.

DISCUSSION

Gastric mucosa

The incidence and mortality of gastric cancer are
high in Eastern Asia and Central and Eastern Europe.
According to the age-adjusted cancer incidence in
Mongolian males, the liver is the most common cancer
site (ASR: 97.8 cases per 100000 males), followed
by the stomach (47.4 cases per 100000 males),
lungs (27.7 cases per 100000 males), esophagus
(21.2 cases per 100000 males), and colorectum
[3]
(5.7 cases per 100000 males) (Globocan 2012) .
By contrast, in Japanese males, the stomach is the
most common cancer site (45.8 cases per 100000
males), followed by the colorectum (42.1 cases per
100000 males), lungs (38.8 cases per 100000 males),
prostate (30.4 cases per 100000 males) and liver

The mean scores for gastritis and H. pylori in the
H. pylori-positive cases were all significantly lower
in Mongolian patients than in Japanese patients (all
P < 0.0001); the only exception was the intestinal
metaplasia scores of specimen #2, which did not differ
significantly between Mongolian and Japanese patients
(Table 1).

C/A ratio

The C/A ratio in 137 matched pairs of H. pylori-infected
Mongolian and Japanese patients revealed antrumpredominant gastritis in < 49 years and 39 years,
respectively, and corpus-predominant gastritis in
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Table 1 Gastritis scores of Helicobacter pylori -positive Mongolian and Japanese patients matched by age, sex, and endoscopic
diagnosis, n = 137
Nationality Specimen

Chronic inflammation

Mongolian
#1
Japanese
(antrum)
Mongolian
#2
Japanese
(corpus)
Mongolian
#3
Japanese
(angulus)

1.32 ± 0.59
2.30 ± 0.72
1.12 ± 0.50
2.03 ± 0.74
1.50 ± 0.62
2.21 ± 0.80

P < 0.0001
P < 0.0001
P < 0.0001

Neutrophil activity
0.38 ± 0.54
2.05 ± 1.01
0.26 ± 0.47
1.93 ± 0.96
0.55 ± 0.61
1.93 ± 1.04

Glandular atrophy

P < 0.0001
P < 0.0001
P < 0.0001

0.15 ± 0.36
0.48 ± 1.72
0.02 ± 0.19
0.28 ± 0.73
0.16 ± 0.41
0.81 ± 1.02

P < 0.0001
P < 0.0001
P < 0.0001

Intestinal metaplasia
0.07 ± 0.40
0.34 ± 0.78
0.05 ± 0.35
0.10 ± 0.44
0.17 ± 0.60
0.59 ± 1.02

P < 0.0001

P < 0.0001

Helicobacter pylori
0.93 ± 0.79
1.91 ± 1.01
1.08 ± 0.84
2.20 ± 0.79
1.15 ± 0.87
2.07 ± 0.95

P < 0.0001
P < 0.0001
P < 0.0001

P values according to the Mann-Whitney U-test.

A

B

Figure 7 Gastric cancer cases in the upper region. A: Sixty-seven-year-old-woman with cancer located near the cardia, type 2; b: Eighty-eight-year-old-man with
cancer located around the cardia, type 3.
[3]

(14.6 cases per 100000 males) . In South Korean
males, the stomach is also the most common cancer
[3]
site (62.3 cases per 100000 males) . South Korea,
Mongolia, and Japan have the highest incidences of
gastric cancer in the world. We previously examined
gastric mucosa in relation to H. pylori infection in
[14]
[6,11]
[6,11]
South Koreans , Chinese
, Vietnamese
,
[6,11]
Thai
, Burmese (Lecture, Nay Pyi Daw, Myanmar,
[4,5]
[11]
2008), Bangladeshi , and Nepalese
patients, and
reported that atrophic and intestinal metaplasia scores
were very high in Japanese and South Koreans. In this
study, we investigated the characteristics of gastric
cancer and the gastric mucosa in the context of H.
pylori infection in Mongolian patients, who belong to
the East Asian population, and compared them with
those of Japanese patients.

and early gastric cancer diagnostics in Mongolia may
be determining factors. In addition, because H. pylori
testing is not widespread in Mongolia, it is not clear if
the cases included in this study were infected with H.
pylori.
In countries and regions with a high incidence,
gastric cancer occurs more frequently in the distal
portion of the stomach; in countries and regions with
a low incidence, gastric cancer occurs more frequently
[16]
in the proximal portion . Approximately half of the
Japanese cases of gastric cancer occurred in the M
[15]
region, (M > L > U) , while approximately half of the
Mongolian gastric cancer cases occurred in the U region,
indicating a considerable difference in the location
frequency. Mongolians reportedly have high meat and
salt intake (15 g/d). Other common practices include
consuming large amounts of hot tea, regular alcohol
intake, hurried eating, and low intake of fruit and
[17,18]
vegetables
. Although H. pylori infection is not a risk
[19]
factor for gastric cardia cancer , obesity is an onset
[20,21]
risk factor of gastric cardia cancer
. Furthermore,
obesity may influence the development of early gastric
cancer and differentiated adenocarcinoma in males
[22]
regardless of H. pylori infection . No data regarding
the degree of obesity in gastric cancer patients have
been reported; however, the percentage of obese
Mongolian adults (16.4%) is high compared with
Japanese adults (4.5%) according to age-standardized
[23]
data . In this context, patients with a body mass index
2
≥ 30 kg/m are defined as obese. Gastric cardia cancer

Characteristics of gastric cancer in Mongolian patients

Other than incidence and mortality, very few data
relating to Mongolian patients with gastric cancer are
available via PubMed. Therefore, we determined the
ratio of early gastric cancer to total gastric cancer,
age group frequency, region, and histologic type in
Mongolian patients. Globally, gastric cancer is more
[3]
common in men than women , and this is also true for
Mongolian patients (male-to-female ratio 1:0.51). The
percentage of early gastric cancer among total gastric
cancer is 29.5% in Mongolian patients, which is lower
[15]
than in Japanese cases (80%) ; the delayed spread
of gastric examination screening, endoscopy devices,
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accounted for 3.9% of total gastric cancer in Mongolian
patients, and 3.2% of Japanese gastric cancer patients
who underwent either endoscopic surgery or an open
[24]
surgery in the previous decade . Many cancers
were located in the U region, including the cardia, in
Mongolian patients (Figure 7), but the frequency of
gastric cardia cancer does not differ compared to the
Japanese patients. Because of the large number of
advanced cancer cases among Mongolian patients, we
must consider the possibility that gastric cardia cancers
enlarged in size were classified as U region cancers. The
factors (other than obesity) that contribute to the high
incidence of gastric cancer in the U region remain to be
determined. A detailed investigation of environmental
factors and host factors is also necessary.
In Mongolian patients, the most prevalent histologic
types of total, early, and advanced gastric cancers
are undifferentiated adenocarcinoma, differentiated
adenocarcinoma, and undifferentiated adenocarcinoma,
respectively. In Japanese patients, undifferentiated
adenocarcinoma was prevalent before the 1970s and
differentiated adenocarcinoma has been dominant
since the 1980s due to the aging of H. pylori-infected
[15]
[15]
patients . According to a report by Yamada et al ,
who examined 10132 patients who underwent surgical
treatment in the 2000s, differentiated adenocarcinoma
accounted for 68% and undifferentiated adenocar
cinoma accounted for only 32% of cases. The trend
of prevalent differentiated adenocarcinoma is weaker
in advanced gastric cancer, but significantly stronger
[16]
in early gastric cancer . In Mongolian patients,
differentiated adenocarcinoma is common in early
gastric cancer, as in Japanese; however, a different
trend was observed for advanced gastric cancer and
total gastric cancer. The prevalence of undifferentiated
adenocarcinoma in total gastric cancer in Mongolia may
be due to differences in the criteria used by pathologist
in Mongolia and the lower mean age of gastric cancer
in Mongolian patients (60.5 years) compared to the
[15]
Japanese patients (64 years) .
Based on the results of our field study in Asian
countries, the gastric ulcer (GU)/duodenal ulcer (DU)
ratiois different. There are big differences among Asian
[14]
[14]
countries. Japanese
and South Korean
patients
present as GU-predominant cases (1.69 and 1.75,
[5]
[11]
respectively), whereas Bangladeshi and Nepalese
present as DU-predominant cases (0.31 and 0.25,
respectively). According to a personal communication
with one Mongolian doctor who previously investigated
this topic (O Khasag, Mongolian National University
of Medical Sciences), Mongolia is a country of GU
predominance (1.9 in 2003 based on unpublished
data). Regarding the relationship between peptic ulcer
disease and gastric cancer, a higher GU/DU ratio in a
country or region has been associated with a greater
[25]
incidence of gastric cancer . Furthermore, the
development of gastric cancer is positively correlated
[26]
with GU, but negatively correlated with DU . Based
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on these reports, gastric cancer is likely to be common
among Japanese, South Korean, and Mongolian
patients.

Infection rate of H. pylori

Approximately half of the world’s population is infected
with H. pylori, and the infection rate is higher in
[27]
developing countries than in developed countries .
The infection rate of H. pylori is reported to be 5% or
less in people younger than 20 years of age, and 40%
[27]
in people in their 50s in developed countries . In
Japan, the infection rate is decreasing gradually, and
[28]
the prevalence is 6.4% in children (0-12 years-old)
and 5.2% in high school students (16 or 17 years[29]
old) . In developing countries, the infection rate of H.
pylori can be as high as 50% in teenagers and more
[30]
than 90% in people in their 30s . Our results indicate
that H. pylori infection rates are high (76.0%) in
Mongolian patient and very high in those 17-19 years
of age (88.9%), revealing a developing country-type
prevalence.

Positive rate of α -EAS Ab

The Japanese are infected with East-Asian-type H.
pylori, but the type of H. pylori that infects Mongolian
patients has not been determined. Therefore, the
Mongolian biopsies were stained with α-EAS Ab, which
specifically reacts to East-Asian-type H. pylori. In H.
pylori-positive Mongolian cases, the rate of α-EAS Ab
positivity was 0.6% (1/158 H. pylori-positive cases),
indicating that despite the location of Mongolia in East
Asia, Mongolians are not infected with East-Asian-type
H. pylori (i.e. Western-type CagA or CagA-negative
strains). The H. pylori strains are currently being
characterized by one of the authors (Y Yamaoka).

Gastric mucosa

The scores for gastritis and H. pylori were significantly
lower in H. pylori-infected Mongolian patients compared
to Japanese patients at all gastric sites, with the
exception of the intestinal metaplasia score in
specimen #2. East-Asian-type H. pylori strains
induce stronger chronic inflammation and neutrophil
[31]
activity than Western-type H. pylori strains
and
are involved in gastric mucosal atrophy and gastric
[32]
[1]
cancer . According to a report by Uemura et al ,
atrophic changes and intestinal metaplasia are
strongly related to the risk of gastric cancer, and
severe atrophic change, and intestinal metaplasia in
particular, leads to a high risk of both intestinal-type
[9]
and diffuse-type gastric cancer . Because the SouthAsian population is infected with Western-type H.
[33,34]
pylori
, glandular atrophy and intestinal metaplasia
[5]
scores were significantly lower in Bangladeshi
[12]
and Nepalese
patients in our previously reported
results. Therefore, the incidence of gastric cancer is
very low in Bangladesh and Nepal (ASR: 7.2 cases
per 100000 males and 7.4 cases per 100000 males,
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[3]

respectively) . Although glandular atrophy and
intestinal metaplasia scores are low in Mongolian
patients, the incidence of gastric cancer is high;
however, it is important to note that these scores were
not obtained from patients with gastric cancer. To
address this paradox, the gastric mucosa of Mongolian
patients with gastric cancer should be examined. We
are planning a gastric mucosal survey of patients with
gastric cancer in Uvs, a western province with the
highest prevalence of gastric cancer in Mongolia (ASR:
114.6 cases per 100000 males).

of Medicine, Niigata University, Niigata, Japan for the
histologic criterion of gastric cardia cancer, Nobutaka
Yamada, former Assistant Professor in the Department
of Pathology, Nippon Medical School, Tokyo, Japan,
for the pathologic diagnoses of all Japanese biopsy
specimens, and Nurse Yumi Sakamoto at Nippon
Medical School Hospital, Nurse Kiyomi Suzuki at Daini
Kokudou Hospital, and Nurse Sonomi Nawata at JR
Kyusyu Hospital for their cooperation.

C/A ratio

Background

COMMENTS
COMMENTS
Helicobacter pylori (H. pylori) infections cause not only peptic ulcer disease, but
also gastric cancer. Mongolia, South Korea, and Japan, which are located in
Eastern Asia, have the highest incidence of gastric cancer in the world. Other
than incidence and mortality, very few data relating to Mongolian patients with
gastric cancer are available in PubMed. The characteristics of gastric cancer,
H. pylori infection, and gastric mucosa were observed and compared between
Mongolian and Japanese patients.

The prevalence of antrum-predominant gastritis tends
to decrease with age in favor of corpus-predominant
gastritis in Mongolian and Japanese patients. The
C/A ratio in patients older than 60 years was higher
in Japanese patients than in Mongolian patients. All
age groups of Bangladeshi and Nepalese subjects had
[5,12]
antrum-predominant gastritis
. The risk of gastric
cancer is 23.3 times higher for corpus-predominant
[1]
gastritis than for antrum-predominant gastritis . This
report is consistent with the low incidence of gastric
cancer in South-Asian countries (Bangladesh and
Nepal) and the high incidence in East-Asian countries
(Japan, South Korea, and Mongolia). Therefore, a high
C/A ratio, indicating corpus-predominant gastritis, is
one of the causative factors of gastric cancer.
In conclusion, a comparative analysis of gastric
mucosa in Mongolia and Japan, two countries with
a high incidence of gastric cancer, was conducted.
Gastric cancer occurred most frequently in the U
region in Mongolian patients, and peaked among those
in their 60s. The most prevalent histologic types of
early and advanced gastric cancers are differentiated
adenocarcinoma and undifferentiated adenocarcinoma,
respectively. The infection rate of H. pylori was high in
Mongolian patients, particularly those 1719 years-old.
The scores for gastric mucosa may have been lower
in the Mongolian patients compared to the Japanese
patients because the majority were infected with nonEast-Asian-type H. pylori strains. H. pylori-positive
young Mongolian patients had antrum-predominant
gastritis and developed more corpus-predominant
gastritis with advanced age similar to the Japanese
population. Further studies should clarify the reason
for the high gastric cancer prevalence in Mongolian
patients infected with non-East-Asian-type H. pylori.

Research frontiers

There are Western-type and East-Asian-type strains of H. pylori: the EastAsian-type strain influences the development of atrophic gastritis and gastric
cancer greatly. There are no data regarding the type of H. pylori strain that
tends to infect Mongolian patients or the gastric mucosa and type of gastritis in
this population.

Innovations and breakthroughs

Gastric cancer occurred most frequently in the upper gastric region of Mongolian
patients and peaked in those in their 60s. The most prevalent histologic types
of early and advanced gastric cancers were differentiated adenocarcinoma
and undifferentiated adenocarcinoma, respectively. The infection rate of H.
pylori was high in Mongolian patients, particularly those 17-19 years-old. The
majority of Mongolians were infected with non-East-Asian-type H. pylori strains
(99.4%), which may explain the lower gastric mucosa scores when compared
to Japanese patients. H. pylori-positive young Mongolian patient had antrumpredominant gastritis and developed more corpus-predominant gastritis with
advanced age, similar to the Japanese patients.

Applications

There are many differences between Mongolian and Japanese patients in the
location of gastric cancer, H. pylori strain type, and gastric mucosa. Future
studies should clarify the reason for the high gastric cancer prevalence in
Mongolian patients infected with non-East-Asian-type H. pylori.

Terminology

The anti--Asian CagA-specific antibodies specifically immunoreactive with EastAsian CagA, but not Western CagA. Patients with a corpus/antrum activity ratio
< 1 were assessed as having antrum-predominant gastritis, and those with a
ratio > 1 were assessed as having corpus-predominant gastritis.

Peer-review

In this study, the authors investigated the characteristics of gastric cancer and
gastric mucosa in Mongolian patients by comparing the gastric mucosa of
Mongolian and Japanese patients. Approximately 70% of older Mongolians had
gastric cancer, and approximately half of the Mongolian cancers were located
in the upper part of the stomach. Three-fourths of advanced cancer displayed
undifferentiated adenocarcinoma. Many differences in stomach characteristics
were observed in Mongolian patients compared with Japanese patients. The
prevalence of H. pylori infection was higher in Mongolian than in Japanese
patients (75.9% vs 48.3%, P < 0.0001). The most surprising result was that
99.4% of H. pylori-positive cases were infected with non-East-Asian-type H.
pylori. In general, this study is novel, interesting, and scientific, and, importantly,
has clinical significance.
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Abstract
AIM: To compare kinesin family member 1B (KIF1B)
expression with clinicopathologic parameters and
prognosis in hepatocellular carcinoma (HCC) patients.

Institutional review board statement: The study protocol was
approved by the Ethics Committee of the Yantaishan Hospital.

METHODS: KIF1B protein and mRNA expression
was assessed in HCC and paracarcinomatous (PC)
tissues from 68 patients with HCC using Western blot
and quantitative real-time reverse transcription-PCR,
respectively. Student’s t -tests were used to analyze
relationships between clinicopathologic parameters and
KIF1B expression, the Kaplan-Meier method was used
to analyze survival outcomes, and the log-rank test was
used to compare survival differences between groups.

Informed consent statement: Informed consent was obtained
from each patient.
Conflict-of-interest statement: No potential conflicts of interest
relevant to this article were reported.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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RESULTS: Mean protein and mRNA levels of KIF1B
were similar between HCC and PC tissues. However,
HCC tissues with vein invasions had significantly lower
KIF1B protein levels compared to those without vein
invasions (2.30 ± 0.82 relative units vs 2.77 ± 0.84
relative units, P < 0.05). KIF1B protein levels in HCC
tissues from patients with recurrence during the followup period were significantly lower than those without
recurrence (2.31 ± 0.92 relative units vs 2.80 ± 0.80
relative units, P < 0.05). However, KIF1B protein and
mRNA expression in HCC patients was not associated
with other clinicopathologic parameters. Ratios of
KIF1B mRNA expression in HCC tissues to those in PC
tissues were correlated with overall survival (13.5 mo
vs 20.0 mo, P < 0.05) and disease-free survival (11.5
mo vs 19.5 mo, P < 0.05).
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CONCLUSION: Downregulation of KIF1B in HCC
tissues is associated with poor prognosis; additional
clinical studies are needed to confirm whether KIF1B
can serve as a prognostic marker.

study retrospectively investigated the relationship
between KIF1B expression and clinicopathologic
parameters, and its predictive value for HCC prognosis.

Key words: Clinicopathologic correlation; Kinesin family
member 1B; Liver cancer; Survival; Tumor progression

MATERIALS AND METHODS
Patients and samples

Resected tumor and matched PC specimens were
collected from 68 HCC patients, and were immediately
frozen in liquid nitrogen and stored at -80 ℃ until
further testing. PC tissue was defined as liver tissue
collected 2-5 cm away from the tumor border. All
patients were treated with surgery in the Depart
ment of Hepatobiliary Surgery, Yantaishan Hospital,
between January 2012 and June 2012. The diagnosis
of HCC was made based on guidelines from the
Chinese Society of Hepatology, the Chinese Society
of Infectious Diseases, and the Chinese Medical
[22]
Association . Patients who received other treatment
(transarterial chemoembolization, radiofrequency
ablation, or others) before surgery or had other tumor
diseases were excluded from this study. The study
protocol was approved by the Ethics Committee of the
Yantaishan Hospital. Informed consent was obtained
from each patient.
Viral infection, tumor size, number of tumor nodules,
histopathologic classification, vein invasion, recurrence
status, and patient survival time were evaluated. Vein
invasion found during pathologic examination indicated
tumor infiltration in the portal venous and/or hepatic
veins. Recurrence was monitored with ultrasound, CT
scans, and magnetic resonance imaging.

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

Core tip: Expression of kinesin family member 1B
(KIF1B) protein and mRNA did not significantly differ
between hepatocellular carcinoma (HCC) tissues and
paracarcinomatous tissues. KIF1B protein levels in
HCC tissues were inversely correlated with recurrence
and tumor vein invasion. Furthermore, ratios of KIF1B
mRNA in HCC tissues to paracarcinomatous tissues
correlated with overall survival and disease-free survival
for patients with HCC. Downregulation of KIF1B mRNA
in HCC tissues was associated with poor prognosis.
Yang SZ, Wang JT, Yu WW, Liu Q, Wu YF, Chen SG.
Downregulation of KIF1B mRNA in hepatocellular carcinoma
tissues correlates with poor prognosis. World J Gastroenterol
2015; 21(27): 8418-8424 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i27/8418.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8418

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the third most common cause
[1,2]
of cancer-related deaths worldwide . An estimated
782500 new liver cancer cases and 745500 deaths
occurred worldwide during 2012, with China alone
accounting for approximately 50% of the total number
[3]
of cases and deaths . It imposes high social and
medical burdens, especially in societies with high
[4]
incidences of viral hepatitis infection . Most HCC
patients are diagnosed beyond the stage at which
surgical options are suitable, and thus have poor
prognoses. However, patients at the same stage may
[5]
have different prognoses because many factors affect
[6-13]
outcomes, such as clinicopathologic parameters
[10,14-19]
and emerging biomarkers
. This study explores
how kinesin family member 1B (KIF1B) affects the
long-term survival outcomes in patients with HCC who
undergo surgical treatment.
Recently, a single nucleotide polymorphism,
rs17401966, located at intron 24 of KIF1B, was
associated with susceptibility to hepatitis B virus
(HBV)-related HCC in a genome-wide association
[20]
study . Several studies confirmed that KIF1B affects
[20,21]
the progression from HBV infection to HCC
.
However, expression of KIF1B protein and mRNA in
tumors and paracarcinomatous (PC) tissues of HCC
patients was not described in existing studies. This
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Western blot analysis

HCC and PC tissues were homogenized and treated
with RIPA lysis buffer (Dingguo, Beijing, China);
the extracted proteins were resolved by 4%-12%
acrylamide gradient gel. After electrophoresis, samples
were transferred to a polyvinylidene fluoride membrane
using iBlot fast transfer electric transfer (Invitrogen of
Thermo Fisher Scientific, Waltham, MA, United States).
Membranes were blocked at room temperature for 1 h
with 5% milk, and incubated with a primary antibody
against KIF1B or GAPDH (1:1000; Abcam, Cambridge,
United Kingdom) at 4 ℃ overnight, followed by
washing with buffer three times, a secondary antibody
(1:8000, Abcam) incubation at room temperature for
2 h, washing three times, and visualized with an ECL
kit (Pierce of Thermo Fisher Scientific). KIF1B-specific
signals were quantified from exposed X-ray films using
a scanner with BandScan 4.30 densitometry software,
and are expressed as integrated intensity units relative
to the GAPDH signals. The results were analyzed by
physicians in a blinded manner.

Quantitative real-time reverse transcription-PCR

Total RNA was extracted from HCC and PC tissues
with the Trizol method. The retroviral reverse
transcriptase kit (Takara, Tokyo, Japan) was used to
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Figure 1 Kinesin family member 1B (KIF1B) protein expression. Representative Western blot for KIF1B expression in hepatocellular carcinoma (HCC) and
paracarcinomatous (PC) tissues. GAPDH was used as the internal loading control.

one tumor nodule larger than 5 cm. Tumors were well
differentiated in 25 patients, and moderately or poorly
differentiated in 32 and 11 patients, respectively. The
median follow-up time was 16.5 mo (range, 1-36 mo).
HCC recurred in 34 patients over a median recurrence
time of 13.5 mo. During the follow-up, 31 patients
died, with a mean survival time of 16.8 ± 9.4 mo.

synthesize cDNA with the reaction conditions of 37 ℃
for 60 min and 95 ℃ for 3 min. Primers were sense:
5′-TTTCCAGCACTTAATGAAAACACATAG-3′; antisense:
5′-CAAAGTTAAATTTCCCTGCTTTGAA-3′ for KIF1B, and
sense: 5′-GAAGGTGAAGGTCGGAGTC-3′; antisense:
5′-GAAGATGGTGATGGGATTTC-3′ for GAPDH. Realtime PCR was performed with the 7500 real-time
quantitative PCR instrument (Applied Biosystems of
Thermo Fisher Scientific) with the following conditions:
95 ℃ for 20 s, 60 ℃ for 30 s, and 72 ℃ for 30 s for
40 cycles. Data were normalized using the GAPDH
∆∆Ct
housekeeping gene and are expressed as 2 .

KIF1B protein and mRNA expression in HCC and PC
tissues

The mean KIF1B protein level in HCC tissues was 2.55
± 0.87 relative units (RU), which was higher, but not
significantly so, than in PC tissues (2.38 ± 0.92 RU).
The mean KIF1B mRNA level in HCC tissues (1.47 ±
0.29 RU) was also similar to that in PC tissues (1.48 ±
0.29 RU). KIF1B protein and mRNA expression did not
significantly differ between HCC and PC tissues (Figure
1).

Patient follow-ups

Patient follow-up data was obtained after discharge
for all 68 HCC patients by direct communication with
the patients or their relatives, or by reviewing hospital
records. Disease-free survival (DFS) was measured
from the date of hepatectomy until tumor recurrence.
Overall survival (OS) was measured from the date
of hepatectomy until death or the last follow-up
point. The last follow-up evaluation was censored on
December 31, 2014, or up to the time of death.

Correlation between KIF1B expression and
clinicopathologic features

KIF1B protein expression in HCC tissues with vein
invasion was significantly lower than in those without
vein invasion (2.30 ± 0.82 RU vs 2.77 ± 0.84 RU, P =
0.033). KIF1B mRNA expression in HCC tissues with
vein invasion (1.41 ± 0.25 RU) was also lower than
in those without vein invasion (1.50 ± 0.30 RU), but
not significantly so. However, ratios of KIF1B mRNA
expression in HCC/adjacent PC tissues with vein
invasions were significantly lower than those without
vein invasions (0.89 ± 0.29 RU vs 1.11 ± 0.33 RU, P
= 0.009).
KIF1B protein levels in HCC tissues from patients
who experienced recurrence during the follow-up were
significantly lower than in those without recurrence
(2.31 ± 0.92 RU vs 2.80 ± 0.80 RU, P = 0.022). KIF1B
mRNA levels were slightly lower, but not significantly
so, in the recurrence group. Ratios of HCC/PC KIF1B
mRNA expression in patients with recurrence during
the follow-up were significantly lower than those
without recurrence (0.96 ± 0.31 vs 1.11 ± 0.29, P =
0.043).
There was no association between KIF1B protein
or mRNA expression and other clinicopathologic
parameters, including patient age, sex, hepatitis B
virus, liver function, tumor differentiation, tumor size,
and number of tumor nodules (Table 1).
Bivariate correlations were used to analyze the

Statistical analysis

Values are presented as mean ± SD or median
(range). The Student’s t-test was used to evaluate
differences in KIF1B protein and mRNA expression
between HCC and PC tissues. Spearman correlation
coefficients were used to analyze relationships
between expression levels of KIF1B protein and mRNA
in HCC. The Student’s t-test was used to analyze
relationships between KIF1B expression level and
clinicopathologic parameters. Bivariate correlations
were used to analyze the association between survival
time and KIF1B protein and mRNA. OS and DFS was
calculated by the Kaplan-Meier method and analyzed
by the log-rank test. All tests were two-tailed; P < 0.05
was considered significant. The SPSS package 13.0
(SPSS Inc., Chicago, IL, United States) was used for all
analyses.

RESULTS
Patient characteristics

The mean age of the HCC patients was 58.4 ± 10.9
years; 83.8% (57/68) were male, and 80.9% (55/68)
had HBV infections. Nineteen HCC patients had at least
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Table 1 Kinesin family member 1B expression in cancer and paracarcinomatous tissues according to clinicopathologic features in 68
patients with hepatocellular carcinoma
Clinicopathologic
feature
Age (yr)
≥ 50
< 50
Sex
Male
Female
Child classification
A
B
Hepatitis B virus
Positive
Negative
Differentiation
Well
Moderately
Poorly
Tumor size (cm)
>3
≤3
Tumor nodule
Solitary
Multiple
Vein invasion
Positive
Negative
Recurrence status
Yes
No

n

KIF1B mRNA, relative units

KIF1B protein, relative units
HCC tissue

PC tissue

HCC/PC

HCC tissue

PC tissue

HCC/PC

54
14

2.59 ± 0.53
2.63 ± 0.92

2.50 ± 0.43
2.26 ± 0.80

1.19 ± 0.10
1.31 ± 0.63

1.44 ± 0.24
1.48 ± 0.30

1.49 ± 0.23
1.44 ± 0.26

1.01 ± 0.05
1.07 ± 0.35

57
11

2.62 ± 0.88
2.20 ± 0.70

2.39 ± 0.90
2.30 ± 0.97

1.27 ± 0.63
1.16 ± 0.63

1.49 ± 0.29
1.39 ± 0.28

1.48 ± 0.29
1.50 ± 0.26

1.05 ± 0.31
0.98 ± 0.37

54
14

2.59 ± 0.91
2.40 ± 0.64

2.50 ± 0.89
1.91 ± 0.85

1.19 ± 0.63
1.4 8± 0.60

1.44 ± 0.29
1.58 ± 0.27

1.49 ± 0.28
1.45 ± 0.28

1.01 ± 0.32
1.13 ± 0.27

55
13

2.55 ± 0.90
2.59 ± 0.70

2.43 ± 0.93
2.16 ± 0.84

1.28 ± 0.62
1.38 ± 0.65

1.45 ± 0.28
1.58 ± 0.34

1.48 ± 0.28
1.50 ± 0.28

1.02 ± 0.30
1.10 ± 0.37

25
32
11

2.53 ± 0.95
2.52 ± 0.76
2.69 ± 0.90

2.22 ± 0.86
2.47 ± 0.98
2.45 ± 0.77

1.31 ± 0.68
1.20 ± 0.58
1.27 ± 0.66

1.54 ± 0.28
1.43 ± 0.28
1.42 ± 0.32

1.46 ± 0.30
1.49 ± 0.27
1.51 ± 0.28

1.11 ± 0.33
0.99 ± 0.30
0.98 ± 0.30

48
20

2.56 ± 0.85
2.55 ± 0.90

2.42 ± 0.91
2.27 ± 0.93

1.24 ± 0.64
1.28 ± 0.63

1.46 ± 0.31
1.49 ± 0.23

1.47 ± 0.27
1.51 ± 0.31

1.03 ± 0.32
1.05 ± 0.31

45
23

2.57 ± 0.91
2.52 ± 0.77

2.35 ± 0.93
2.44 ± 0.87

1.27 ± 0.64
1.21 ± 0.62

1.50 ± 0.28
1.42 ± 0.31

1.48 ± 0.29
1.48 ± 0.27

1.06 ± 0.31
1.00 ± 0.32

22
46

2.30 ± 0.82
2.77 ± 0.84a

2.33 ± 0.97
2.40 ± 0.89

1.21 ± 0.60
1.27 ± 0.65

1.41 ± 0.25
1.50 ± 0.30

1.50 ± 0.31
1.47 ± 0.27

0.89 ± 0.29
1.11 ± 0.33b

34
34

2.31 ± 0.92
2.80 ± 0.80c

2.59 ± 0.93
2.17 ± 0.85

1.14 ± 0.63
1.36 ± 0.61

1.42 ± 0.27
1.52 ± 0.30

1.55 ± 0.31
1.42 ± 0.24

0.96 ± 0.31
1.11 ± 0.29c

a

P < 0.05, bP < 0.01 vs positive vein invasion; cP < 0.05 vs recurrence. KIF1B: Kinesin family member 1B; PC: Paracarcinomatous; HCC: Hepatocellular
carcinoma.
[25,26]

association between survival time and KIF1B protein
and mRNA. Ratios of KIF1B mRNA expression in HCC/
adjacent PC tissues were correlated with OS and DFS,
with respective Pearson correlations of 0.941 and 0.988
(P < 0.001 for both). Kaplan-Meier survival curves
and log-rank tests showed that downregulation of
KIF1B mRNA in HCC tissues was associated with poor
prognosis. Median OS for the downregulated group was
13.5 mo, significantly shorter than for the upregulated
group at 20 mo (P < 0.05; Figure 2A). Median DFS for
down- and upregulated groups were 11.5 mo and 19.5
mo, respectively (P < 0.05; Figure 2B).

apoptosis
. KIF1B knockdown in rat sympathetic
neurons prevents apoptosis following nerve growth
factor withdrawal, indicating that KIF1B plays a crucial
role in neuronal apoptosis upon nerve growth factor
[27]
limitation .
KIF1B is reportedly associated with gastric cancer
[28]
invasion , which suggests that KIF1B has a function
[20]
in cancer progression. Zhang et al
showed KIF1B
contributed distinctly to the progression from chronic
HBV infection to HCC. However, the exact function of
KIF1B in HCC is unclear; conditional knockout models
may be necessary to further investigate its role in
hepatocarcinogenesis.
KIF1B expression in HCC tissues and its relationship
with tumor progression and prognosis are not widely
reported. The present study found that KIF1B protein
is expressed in cancer tissues and PC tissues of
patients with HCC, with no significant differences in
expression levels. There is no correlation between
the expression level of KIF1B protein and mRNA in
HCC samples. Genetic polymorphisms and epigenetic
factors may have contributed to the difference.
An important result of the current study is that
KIF1B protein expression is associated with vein
invasion and tumor recurrence status. These factors
are highly correlated with invasion and metastasis

DISCUSSION
KIF1B is located on chromosome 1p36, and belongs to
the kinesin superfamily of intermediate filaments that is
[23]
responsible for intracellular vesicular transport . KIF1B
encodes two alternatively spliced isoforms, KIF1Ba
and KIF1Bb, and both isoforms form homodimers
and transport mitochondria and synaptic vesicle
[24]
precursors, respectively . KIF1B has been shown to
act as a tumor suppressor in multiple cancers, including
aggressive neuroblastoma, pheochromocytoma, colon,
liver, brain, breast, and other cancers, by acting on
various inhibitors of cell proliferation and activators of
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Figure 2 Survival of patients with hepatocellular carcinoma after surgical resection according to kinesin family member 1B (KIF1B) mRNA expression. A:
Overall survival; B: Disease-free survival (P < 0.05; log-rank test).
[29-31]

of HCC
. The results indicate that more invasive
tumors have lower KIF1B protein expression, and by
extension, that KIF1B has a suppressive function in
HCC. The results also show that there is no pattern for
KIF1B protein expression when the subjects and their
specimens are stratified by sex, age, liver function,
HBV, number of tumor nodules, tumor size, and tumor
differentiation. These factors might not affect KIF1B
expression, or might do so only subtly.
Unlike the protein results, KIF1B mRNA expression
had no correlation to any tested clinicopathologic
features. Interestingly, ratios of KIF1B mRNA expression
in HCC/PC pairs are negatively correlated with OS
and DFS. HCC patients were divided into two groups:
patients with downregulated expression (higher KIF1B
mRNA expression in PC tissues than in HCC tissues)
and those with upregulated expression (higher KIF1B
mRNA expression in HCC tissues than in PC tissues).
The downregulated KIF1B mRNA group had longer
DFS than the upregulated KIF1B mRNA group. In
addition, patients with downregulated KIF1B mRNA
had increased risk of recurrence and significantly
reduced OS.
The results of the present study show that KIF1B
is a liver cancer suppressor gene. KIF1B mRNA levels
may be prognostic biomarkers.
In conclusion, this is the first investigation of KIF1B
expression at both the protein and mRNA levels in
association with clinicopathologic features of HCC.
Expression of KIF1B protein and mRNA do not differ
between HCC tissues and PC tissues. KIF1B protein
levels in HCC tissues from patients with recurrence
during the follow-up are significantly lower than in
those without recurrence. HCC tissues with vein
invasions have significantly lower KIF1B protein
levels than those without vein invasions. Ratios of
KIF1B mRNA relative expression in HCC tissues to
PC tissues correlate with OS and DFS. Based on the
downregulation of KIF1B mRNA in HCC, we propose
that the manipulation of KIF1B expression in HCC
patients might have therapeutic implications. However,
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related reports, especially on KIF1B functions and
mechanisms of regulation in normal and HCC tissues,
are limited and warrant further study. Further largescale clinical studies are needed to confirm whether
KIF1B could serve as a liver cancer prognostic marker.

COMMENTS
COMMENTS
Background

An estimated 782500 new liver cancer cases and 745500 deaths occurred
worldwide during 2012, with China alone accounting for approximately 50%
of the total number of cases and deaths. Most hepatocellular carcinoma
(HCC) patients are diagnosed beyond the stage at which surgical options are
suitable, and thus have poor prognoses. However, patients at the same stage
may have different prognoses because many factors affect outcomes, such
as clinicopathologic parameters and emerging biomarkers. In this study, we
explore how kinesin family member 1B (KIF1B) affects the long-term survival
outcomes in patients with HCC who undergo surgical treatment.

Research frontiers

A single nucleotide polymorphism of KIF1B, rs17401966, located at intron 24,
is associated with susceptibility to hepatitis B virus-related HCC in a genomewide association stud, and several studies confirm that KIF1B affects the
progression from infection to HCC. However, expression of KIF1B protein and
mRNA in tumors and paracarcinomatous tissues of HCC patients was not
described in existing studies. The authors therefore retrospectively investigated
the relationship between KIF1B expression and clinicopathologic parameters,
and its predictive value for HCC prognosis.

Innovations and breakthroughs

KIF1B expression in HCC tissues and its relationship with tumor progression
and prognosis are not widely reported. The present study found that KIF1B
protein is expressed in cancer and paracarcinomatous tissues of patients with
HCC, with no significant differences in expression levels. The authors observed
no significant correlation between the expression level of KIF1B protein and
mRNA in HCC samples. Genetic polymorphisms and epigenetic factors may
have contributed to the difference. An important result of the current study is that
KIF1B protein expression is associated with vein invasion and tumor recurrence
status. These factors are strongly correlated with invasion and metastasis of
HCC. The results indicate that more invasive tumors have lower KIF1B protein
expression, and by extension, that KIF1B has a suppressive function in HCC.
Unlike the protein results, KIF1B mRNA expression is not correlated to any
tested clinicopathologic feature. Interestingly, correlation analysis showed
that ratios of KIF1B mRNA expression in HCC/paracarcinomatous pairs are
negatively correlated with overall and disease-free survival. The downregulated
KIF1B mRNA group had longer disease-free survival than the upregulated
KIF1B mRNA group. In addition, patients with downregulated KIF1B mRNA had
increased risk of recurrence and significantly reduced overall survival.
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Applications

This study suggests that KIF1B is a liver cancer suppressor gene. KIF1B mRNA
levels may be prognostic biomarkers for HCC.
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This is a good retrospective study in which the authors investigated the
relationship between KIF1B expression and clinicopathologic parameters, and
its predictive value for HCC prognosis. The results are interesting and suggest
that KIF1B mRNA levels may be prognostic biomarkers for HCC.
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Abstract
AIM: To analyze the virtual touch tissue quantification
(VTTQ) and virtual touch imaging quantification (VTIQ)
techniques, and identify possible factors that may
influence VTTQ and VTIQ measurements.

Institutional review board statement: The study was reviewed
and approved by the local ethics committee of the University of
Ulm.
Informed consent statement: Because of the retrospective and
anonymous character of this study, the need for informed consent
was waived by the institutional review board.

METHODS: One hundred and eighty-six (104 women/82
men) of 323 subjects met the inclusion criteria (age
> 18 years, no history of chronic or gastrointestinal
disease, body-mass index (BMI) < 30 kg/m², a fasting
period of at least three hours, no history of hepatotoxic
pharmaceuticals, alcohol consumption < 24 g/d in men
and < 12 g/d in women, and normal findings upon
ultrasound examination of the abdomen). Measurements
were taken at depths of 50 mm with VTTQ, 15 mm
and 25 mm with VTIQ in the right hepatic lobe, and
at 15 mm with only VTIQ in the left hepatic lobe. The
examiner acquired six measurements per position,
thereby giving 24 measurements in total.
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which permits others to distribute, remix, adapt, build upon this
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different terms, provided the original work is properly cited and
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1.23-1.29 m/s for VTTQ and 1.29-1.37 m/s, 1.17-1.23
m/s, and 1.48-1.57 m/s for VTIQ in a depth of 15 mm
and 25 mm in the right hepatic lobe and 15 mm in the
left hepatic lobe. Only superficial measurements in the
right hepatic lobe with the VTIQ method exhibited an
effect of age on shear wave velocity. Measurements
acquired using the 6C1 probe with the VTTQ method
showed no dependence on BMI. By comparison, BMI
influenced measurements taken with the VTIQ method
using the 9L4 probe in the superficial and deep areas of
the right hepatic lobe, as well as in the left hepatic lobe
(P = 0.0160, P = 0.0019, P = 0.0173, respectively).
Gender influenced measurements at depths of 50 mm
with VTTQ and 25 mm with VTIQ in the right hepatic
lobe (P = 0.0001, P = 0.0269). Significant differences
were found between measurements with the 6C1
(VTTQ) and 9L4 probes (VTIQ) (P = 0.0067), between
superficial and deep measurements (P < 0.0001),
and between the right and left lobes of the liver (P <
0.0001).

developed to facilitate the non-invasive assessment
of tissue properties. These techniques fall into the
categories of “strain imaging”, “shear wave speed
[1]
measurement”, and “shear wave speed imaging” .
The advantage of the latter two categories lies in the
quantitative assessment of shear wave velocity (SWV). A
few studies have investigated the application of acoustic
radiation force impulse (ARFI) shear wave speed
quantification in the diagnosis of fibrotic liver changes
and, in some cases, compared its findings with those of
other diagnostic techniques, such as biopsy, serum liver
[2-4]
function tests (LFTs), and transient elastography .
A meta-analysis of studies using liver biopsy as the
reference quantified this ARFI method’s diagnostic as
0.87 Area under Receiver Operating Characteristic Curve
(AUROC) for the evaluation of significant liver fibrosis
[5]
and 0.93 (AUROC) for the diagnosis of cirrhosis . In
addition, these studies have documented a good degree
[6,7]
of reproducibility for these techniques . Certain studies
have established normal reference values for the Virtual
Touch Tissue Quantification (VTTQ) technique using the
[8-10]
[7,11-20]
Acuson S2000 in healthy children
and adults
.
To date, use of the new ARFI technique of Virtual Touch
Imaging Quantification (VTIQ) has only been described
[21]
for normal mammary tissue .
Earlier elastographic techniques, such as quasistatic elastography, depend on a manual compression
[22]
of the tissue to arrive at estimates of tissue stiffness .
New methods based on acoustic radiation force
(ARF) permit such evaluation without the reliance on
examiner-dependent pressure on the tissue. A shear
wave perpendicular to the direction of propagation is
produced by means of a brief high-intensity acoustic
impulse. This wave is localized using tracking beams
[1,23]
and a quantitative value in m/s is calculated
.
The VTTQ technique permits the selection of an
area of liver tissue, as defined in a region of interest
(ROI), allowing measurements to a depth of up to
8.0 cm. The VTIQ method uses a moveable Q box
quantification tool to select a defined region. A pulse
sequence of 256 acquisition beam lines covers a width
of 38 mm. Point shear wave elastography using the
[1]
VTTQ method is performed in each of these regions .
Stiffer regions appear red, while softer regions appear
blue in the resulting qualitative color elastogram. Using
an ROI, a quantitative SWV in m/s can be measured at
selected points (Figure 1).
The objective of the present study is to analyze the
VTTQ and VTIQ techniques, and assess the potential
effects of factors such as age, gender, body-mass
index (BMI), fasting time, use of oral contraceptive
steroids, depth and position of measurement, and
choice of probe.

CONCLUSION: Measurements in the right lobe and
deep regions are preferable. Gender differences must
be considered. BMI must be considered when assessing
VTIQ technology.
Key words: Acoustic radiation force impulse; Elasticity
imaging techniques; Liver; Reference standards; Virtual
touch imaging and quantification; Virtual touch tissue
quantification; Ultrasonography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Virtual touch tissue quantification (VTTQ)
and virtual touch imaging and quantification (VTIQ)
are two new elastographic techniques for estimating
tissue stiffness. Both methods (VTTQ and VTIQ) allow
a quantitative and non-invasive assessment of shear
wave velocity. Shear wave speed quantification may
be a diagnostic tool in the diagnosis of fibrotic liver
changes. Therefore, standard values in healthy liver
tissue must be generated. The objective of the present
study is to analyze the VTTQ and VTIQ techniques.
Possible factors that may influence VTTQ and VTIQ
measurements were also studied.
Galgenmueller S, Jaeger H, Kratzer W, Schmidt SA, Oeztuerk
S, Haenle MM, Mason RA, Graeter T. Parameters affecting
different acoustic radiation force impulse applications in the
diagnosis of fibrotic liver changes. World J Gastroenterol 2015;
21(27): 8425-8432 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i27/8425.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8425

MATERIALS AND METHODS

INTRODUCTION

Collective and study design

Taking part in the study were 323 subjects, 186 of

A variety of elastographic techniques have been
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Table 1 Standard-value collective with 186 subjects
P value

mean ± STD (Range)
Women

Men

All

(n = 104;
55.9%)

(n = 82;
44.1%)

(n = 186)

Age (yr)

31.94 ± 13.46
29.93 ± 12.22
31.05 ± 12.93
0.6743
(18.00-71.00)
(18.00-82.00)
(18.00-82.00)
BMI (kg/m2)
21.52 ± 2.02
22.98 ± 2.01
22.16 ± 2.14 < 0.0001
(17.57-28.58)
(18.52-27.76)
(17.57-28.58)
Liver size
142.31 ± 14.75 144.44 ± 13.17 143.25 ± 14.07
0.3055
(106.00-172.00) (116.00-177.00) (106.00-177.00)
(mm)
BMI: Body-mass index.

Figure 1 Virtual touch imaging quantification measurement in the right
liver lobe at a depth of 15 mm and 25 mm from the liver capsule.

Table 2 Association of the measurements with age, bodymass index, sex, and use of oral contraceptives

whom met the inclusion criteria. Inclusion criteria
included age > 18 years, no history of chronic or
2
gastrointestinal disease, BMI < 30 kg/m , a fasting
period of at least three hours, no history of hepatotoxic
pharmaceuticals, alcohol consumption < 24 g/d in men
and < 12 g/d in women, and normal findings upon
ultrasound examination of the abdomen. The study
was approved by the institutional ethics commission
(Nr. 397/13) and subjects provided their written
informed consent.
Nine examiners performed ultrasound examinations
using the convex (6C1 HD, 1.5-5.5 MHz) and linear
probes (9L4, 4.0-9.0 MHz) of the Acuson S3000
(Siemens Medical Solutions, Mountain View, CA,
United States). Measurements of the right hepatic lobe
were performed using the VTTQ (6C1-probe) and VTIQ
(9L4-probe) method. Subjects were placed in a supine
position with an elevated right arm and suppressed
respiration at breathing baseline. The probe was placed
over the sixth or seventh intercostal space. Examiners
initiated VTIQ measurement at a depth adjustment
of 4.5 cm with minimum and maximum shear wave
velocities of 0.5 m/s and 4.0 m/s, respectively. VTTQ
measurements were performed at a depth of 5.0 cm
beneath the skin surface, while VTIQ measurements
were performed at 15 and 25 mm from the level of
the liver capsule. In addition, a measurement at 15
mm was obtained in the left hepatic lobe with VTIQ.
The 9L4 probe was therefore located beneath the
xiphoid process in the cross section. A total of six
measurements were acquired per position.

P value

Age groups
BMI groups
Oral
contraceptives
Gender
9L4-15 mmR
9L4-25 mmR
9L4-15 mmL

9L4-15
mmR

9L4-25
mmR

9L4-15
mmL

0.1384
0.1166
0.6415

0.0090
0.0160
0.0990

0.6286
0.0019
0.8771

0.2517
0.0173
0.0461

0.0001
0.0901
0.0067
< 0.0001

0.5425
< 0.0001
< 0.0001

0.0269
< 0.0001

0.9532
-

R: Right liver lobe; L: Left liver lobe; 50 mm/25 mm/15 mm: Depth of
measurement in millimeters; 6C1: Convex probe; 9L4: Linear probe; BMI:
Body-mass index.

between SWV and continuous variables were
investigated using Spearman’s correlation coefficient
(r). All tests were two-sided.

RESULTS
Description of the collective

A total of 186 subjects were enrolled in the study
(104 women and 82 men). The mean age was 31.05
± 12.93 years. A statistically significant difference
was identified between women and men for BMI (P
< 0.0001; Table 1). One subject underwent postmenopausal hormone replacement therapy and used a
copper-based intrauterine device. Three subjects took
an iron preparation. Three further volunteers had in
the past taken L-thyroxine.

Data analysis and statistical treatment

SWV and age

Statistical analysis was performed using the SAS
statistical software package (version 9.2, Cary, North
Carolina). Results were presented as mean ± SD,
median, and range for continuous variables. Normal
distribution was tested using the Shapiro-Wilk test.
Differences between two groups were identified using
the t-test or Mann-Whitney U test. A one-way analysis
of variance or Kruskal-Wallis test was performed to
compare more than two groups. The relationship

WJG|www.wjgnet.com

6C1-50
mmR

A significant correlation was not identified between
age and SWV with the 6C1 or 9L4 probes at all depths
(P > 0.05). After classification of age into four classes
(n = 69, n = 57, n = 39, n = 21), only in the case
of measurements at a depth of 15 mm in the right
hepatic lobe was there a significant difference between
the age groups (P = 0.0090; Table 2). The mean and
standard deviation in this case stood at 1.29 ± 0.24
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Table 3 Shear wave velocities of different age, body-mass index, and fasting groups and of women with and without oral
contraceptives
mean ± STD or median (range) (m/s)
Age group (yr)

18-23 (n = 69)
24-29 (n = 57)
30-50 (n = 39)
> 50 (n = 21)

BMI group (kg/m2)

< 20.00 (n = 30)
20.00-20.99 (n = 30)
21.00-21.99 (n = 36)
22.00-22.99 (n = 28)
23.00-23.99 (n = 24)
24.00-25.00 (n = 20)
> 25.00 (n = 18)

Fasting time
(h)

3.0 (n = 54)
3.5-7.0 (n = 66)
≥ 8.0 (n = 66)

Oral contraceptives

No (n = 63)
Yes (n = 41)

6C1-50 mmR

9L4-15 mmR

9L4-25 mmR

9L4-15 mmL

1.28 ± 0.22
1.23 (0.95-1.91)
1.28 ± 0.20
1.26 (0.97-1.97)
1.25 ± 0.18
1.21 (0.98-1.75)
1.19 ± 0.20
1.12 (1.00-1.85)
1.35 ± 0.25
1.29 (0.98-1.97)
1.20 ± 0.15
1.21 (0.97-1.60)
1.21 ± 0.18
1.16 (0.97-1.65)
1.29 ± 0.22
1.23 (1.06-1.84)
1.25 ± 0.15
1.25 (0.95-1.67)
1.29 ± 0.19
1.24 (1.03-1.88)
1.26 ± 0.25
1.16 (1.00-1.85)
1.28 ± 0.23
1.22 (0.98-1.97)
1.22 ± 0.19
1.20 (0.97-1.91)
1.28 ± 0.19
1.29 (0.95-1.85)
1.24 ± 0.21
1.18 (0.95-1.81)
1.20 ± 0.19
1.17 (0.97-1.84)

1.29 ± 0.24
1.27 (0.81-1.82)
1.25 ± 0.25
1.22 (0.88-1.79)
1.38 ± 0.32
1.29 (0.88-2.30)
1.57 ± 0.44
1.55 (1.03-2.57)
1.35 ± 0.24
1.39 (0.94-1.82)
1.34 ± 0.28
1.34 (0.88-2.01)
1.23 ± 0.22
1.19 (0.89-1.72)
1.25 ± 0.23
1.25 (0.81-1.71)
1.30 ± 0.36
1.16 (0.88-2.30)
1.34 ± 0.25
1.31 (0.97-1.94)
1.63 ± 0.46
1.56 (1.05-2.57)
1.30 ± 0.33
1.22 (0.81-2.56)
1.37 ± 0.28
1.34 (0.88-2.30)
1.32 ± 0.30
1.27 (0.89-2.57)
1.38 ± 0.30
1.40 (0.97-2.57)
1.28 ± 0.30
1.26 (0.81-2.13)

1.19 ± 0.20
1.18 (0.64-1.68)
1.22 ± 0.19
1.23 (0.77-1.59)
1.22 ± 0.23
1.18 (0.82-1.83)
1.16 ± 0.25
1.17 (0.72-1.73)
1.30 ± 0.19
1.29 (0.85-1.68)
1.28 ± 0.23
1.20 (0.95-1.83)
1.21 ± 0.20
1.15 (0.98-1.67)
1.18 ± 0.20
1.20 (0.80-1.47)
1.15 ± 0.19
1.18 (0.64-1.54)
1.10 ± 0.16
1.09 (0.77-1.43)
1.12 ± 0.23
1.16 (0.72-1.50)
1.21 ± 0.25
1.17 (0.64-1.83)
1.19 ± 0.20
1.18 (0.77-1.65)
1.22 ± 0.20
1.21 (0.78-1.73)
1.23 ± 0.21
1.20 (0.80-1.73)
1.24 ± 0.20
1.22 (0.64-1.64)

1.51 ± 0.27
1.50 (0.79-2.31)
1.53 ± 0.27
1.52 (0.83-2.12)
1.48 ± 0.35
1.46 (0.90-2.67)
1.64 ± 0.33
1.65 (0.99-2.31)
1.57 ± 0.24
1.59 (1.00-2.12)
1.60 ± 0.29
1.51 (1.00-2.24)
1.50 ± 0.31
1.47 (0.83-2.67)
1.59 ± 0.32
1.59 (1.14-2.31)
1.34 ± 0.27
1.36 (0.79-1.77)
1.47 ± 0.28
1.52 (0.90-1.89)
1.59 ± 0.29
1.61 (0.99-2.07)
1.50 ± 0.33
1.54 (0.83-2.31)
1.59 ± 0.28
1.51 (1.06-2.67)
1.48 ± 0.27
1.50 (0.79-2.07)
1.57 ± 0.32
1.54 (0.79-2.67)
1.45 ± 0.25
1.47 (0.83-1.98)

6C1: Convex probe; 9L4: Linear Probe; STD: Standard deviation; R: Right liver lobe; L: Left liver lobe; 50 mm/25 mm/15 mm: Depth of measurement in
millimeters; BMI: Body-mass index.

m/s, 1.25 ± 0.25 m/s, 1.38 ± 0.32 m/s, and 1.57 ±
0.44 m/s for the individual age classes, respectively.
The SWVs for the 6C1 probe and other depths with the
9L4 probe are given in Table 3.

while 66 subjects each reported fasting for 3.5-7.0 or
≥ 8.0 h. No statistically significant differences between
the groups could be identified for either probe at any
of the measurement depths (P = 0.0665, P = 0.1603,
P = 0.9511, P = 0.5788; Table 3).

SWV and BMI

SWV and oral contraceptives

A negative correlation was found between BMI and the
measurements at 25 mm depth in the right hepatic
lobe (r = -0.29910, P ≤ 0.0001). No significant
correlation could be detected at 5 cm, 15 mm in the
right hepatic lobe and 15 mm in the left hepatic lobe
(P = 0.7152, P = 0.3666, P = 0.1973). The subjects
were divided into seven BMI classes containing 30, 30,
36, 28, 24, 20, and 18 volunteers, respectively. No
statistically significant difference between the groups
could be detected for the 6C1 probe (P = 0.1166).
By contrast, the linear probe showed significant
differences for all measurement positions (P = 0.0160,
P = 0.0019, P = 0.0173; Table 3).

Forty-one of the 104 women participating in the
study (39.4%) used oral contraceptive steroids. For
measurements in the right hepatic lobe, there were
no statistically significant differences between those
who did and did not use oral contraceptives (P =
0.6415, P = 0.0990, P = 0.8771). By contrast, a
statistically significant difference between the groups
was identified for examination of the left hepatic lobe
(P = 0.0461): here, women using oral contraceptives
showed lower SWVs (1.45 ± 0.25 m/s vs 1.57 ± 0.32
m/s; Table 3).

SWV and gender

SWV and fasting time

A significant difference between men and women was
identified for the convex probe (P = 0.0001), with men

Three hours’ fasting was reported by 54 subjects,
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3.0

Table 4 Shear wave velocities in both men and women

6C1-50 mmR
9L4-15 mmR
9L4-25 mmR
9L4-15 mmL

2.5

Men (n = 82)

mean ±
STD

median (range)

mean ±
STD

median (range)

1.22 (0.20)
1.34 (0.30)
1.23 (0.21)
1.53 (0.30)

1.18 (0.95-1.84)
1.30 (0.81-2.57)
1.21 (0.64-1.83)
1.50 (0.79-2.67)

1.31 (0.20)
1.32 (0.31)
1.17 (0.21)
1.52 (0.29)

1.27 (1.03-1.97)
1.24 (0.88-2.56)
1.15 (0.79-1.83)
1.52 (0.90-2.31)

2.0
SWV in m/s

Women (n = 104)

1.5
1.0

6C1: Convex probe; 9L4: Linear probe, STD: Standard deviation; R:
Right liver lobe; L: Left liver lobe; 50 mm/25 mm/15 mm: Depth of
measurement.

0.5
0.0
6C1-50 mmR

Table 5 Shear wave velocities of all subjects in the right and
left liver lobe
mean

6C1-50 mmR
9L4-15 mmR
9L4-25 mmR
9L4-15 mmL

95%CI
mean

STD

median

95%CI
median

(m/s)

(m/s)

(m/s)

(m/s)

(m/s)

(m/s)

1.26
1.33
1.20
1.52

1.23-1.29
1.29-1.37
1.17-1.23
1.48-1.57

0.20
0.30
0.21
0.30

1.22
1.27
1.19
1.51

1.20-1.26
1.23-1.37
1.17-1.23
1.48-1.57

0.95-1.97
0.81-2.57
0.64-1.83
0.79-2.67

9L4-25 mmR

9L4-15 mmR

Figure 2 Box-plot diagram of the shear wave velocity for the two probes
(6C1, 9L4) and the various depths in the right (R) and left (L) hepatic
lobes.

min-max

DISCUSSION
A total of 186 healthy volunteers were examined
with the VTTQ and VTIQ techniques using the Acuson
S3000 scanner. Subjects with pathological changes
or tumors of the liver were excluded from the study.
According to EFSUMB guidelines, the probe was
positioned intercostally for measurements in the right
[24]
hepatic lobe . For anatomical reasons, however,
examination of the left hepatic lobe required an
abdominal approach. With respect to positioning
the patient for examination, no consensus has been
reached. While some authors preferred to examine
[6,19]
the liver with subjects lying on their left side
,
others performed the examination with subjects in a
[15,18]
supine position
. Six measurements were acquired
at each of the four positions. A defined number of
measurements for reliable SWV determination has yet
[6-8,10-16,18-20,25]
to be established
.
A statistically significant difference in SWV was
observed between women and men in measurements
with the convex probe at a depth of 5.0 cm and
with the linear probe at a depth of 25 mm. Studies
of transient elastography also observed an effect of
[26]
gender in SWV . By contrast, studies with the VTTQ
technique failed to demonstrate any dependence
[13,14,16,18-20]
on gender
. However, with the exception
[16,20]
of two studies
, measurements were taken at a
depth of 1.0-2.0 cm under the capsule. The findings
of the present study similarly failed to demonstrate
any statistically significant difference at a depth of 15
mm. However, it must be noted that women and men
included in the study collective differed significantly
in terms of BMI (P < 0.0001), which can represent a
source of error in calculations. A definitive statement
on the dependence of SWV on gender is therefore not
possible based on data from the present study.
Investigations of the influence of BMI on measure
ments using the VTTQ technique have reported
[12,14,15,20]
contradictory findings
. Data from the present

6C1: Convex probe; 9L4: Linear probe; STD: Standard deviation; min:
Minimum; max: Maximum; R: Right liver lobe, L: Left lifer lobe; 50 mm/25
mm/15 mm: Depth of measurement.

exhibiting higher values. There was also a statistically
significant difference with the 9L4 probe using the
VTIQ technique at 25 mm (P = 0.0269), with higher
values being observed in women. Neither the surface
measurement at 15 mm depth of the right hepatic
lobe nor the tissue measurements at 15 mm depth in
the left hepatic lobe showed any statistically significant
differences (P = 0.5425, P = 0.9532; Table 4).

SWV, probe, and measurement depth

A highly significant correlation was detected for the
VTTQ technique with the 6C1 probe in a depth of 5.0
cm under the skin and the VTIQ technique with the 9L4
probe at a depth of 25 mm under the liver capsule (r
= 0.2838; P < 0.0001), as well as for measurements
in the right and left hepatic lobes at 15 mm (r = 0.2776;
P = 0.0001) with the VTIQ technique. The comparison
of measurements at 15 mm using the linear probes
and at 5.0 cm using the convex probe also showed a
significant correlation (r = 0.24027, P = 0.0006) in
the right liver lobe. There was also a correlation for
measurements at both 15 mm and 25 mm in the right
hepatic lobe using the VTIQ technique of the linear
probe (r = 0.19166; P = 0.0088). An overview of all
median values, means, standard deviations, range,
and minimum and maximum measurements with the
VTTQ technique of the convex probe (6C1) and the
VTIQ technique of the linear probe (9L4) are given
in Table 5. Figure 2 shows the box-plot diagram of
measurements with the two probes.
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study concerning measurements using the 6C1 probe
failed to demonstrate either a significant correlation
between SWV and BMI (P = 0.7152) or statistically
significant differences in SWV between the individual
BMI classes (P = 0.1166). Study criteria, however,
excluded subjects with a BMI > 30 kg/m² from the
collective of subjects with normal values, and only
9.8% of the 186 participants exhibited a BMI > 25
kg/m². By contrast, when the 9L4 probe was used,
an influence of BMI was detected at all measurement
positions, and there was a tendency toward lower
SWV values with higher BMI. In fact, at a depth of 25
mm, SWV’s correlation with BMI was highly significant
(P < 0.0001). Compared with the 6C1 probe, the 9L4
probe exhibited a more limited penetration into liver
tissue. It is unclear whether the VTIQ, with its greater
flow line, is more prone to artifacts, which may result
in an underestimation of SWV at the margins of the
measurement. Further research is required to elucidate
these questions.
Significantly lower SWV values were measured in
the left hepatic lobe of women taking oral contraceptive
steroids than in women not using hormonal contra
ception (P = 0.0461). Animal experiments have
demonstrated a protective effect of female sex
hormones on the formation of the extracellular matrix in
[27]
the liver . The relevance of these findings in humans
remains unclear. Previous studies have failed to
[14]
detect any influence of oral contraceptives on SWV .
Because of the increased scatter of values in the left
hepatic lobe, measurements in the parenchyma of the
[24,25]
right hepatic lobe are recommended
. In addition,
the statistical significance of this finding was marginal;
thus, its immediate clinical significance is questionable.
Investigations of the effects of fasting time on
measurements using VTTQ found an increase in SWV,
[13,28]
especially in the first hour following food intake
.
Following a time interval of three hours, however, no
[28]
significant difference could be detected . Similarly,
data of the present study failed to detect any significant
difference between the individual groups following a
fasting period of at least three hours. Intra-individual
variation in SWV of up to 0.3 m/s secondary to
[13]
alimentary intake has been reported . Measurements
should therefore be acquired following a fasting period
of at least three hours.
At a depth of 25 mm, the median SWV values
were higher for measurements acquired using the 6C1
probe compared with those obtained using the 9L4
probe (P = 0.0067). The standard deviations for the
two probes, however, were quite similar. Comparable
[11]
findings were reported in another study . In that
study, however, the scatter of the linear and convex
probes differed. Similarly, at a depth of 3.0 cm, lower
values were measured with the linear probe than with
the convex probe. A comparison of the 6C1 probe with
the 9L4 probe at a depth of 15 mm yielded higher
values for the linear probe (P = 0.0901). This may be
explained by the proximity of the liver capsule. The
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scatter of the values was also greater (0.30 vs 0.20).
Thus, the 6C1 is to be preferred for measurements in
deeper liver regions.
Significantly higher SWV values were returned for
measurements of the superficial hepatic parenchyma
using the 9L4 probe than for measurements of deeper
regions (P < 0.0001). In addition, significantly higher
values were measured in the left hepatic lobe than on
the right (P < 0.0001). Important factors include the
liver capsule and the different physical characteristics
of the ultrasound probes. In superficial regions there
is also an increased risk of exerting pressure on the
tissue with the probe tip. The anatomical position of
the left hepatic lobe hinders visualization of the tissue
and the measurement is affected by the pulsation of
adjacent organs. An IQR < 30% is considered essential
[18,19]
for the validity of the data
. For measurements at
a depth of 15 mm in the right and left hepatic lobe,
this yields values of 0.34 and 0.29. These values were
higher than comparable values in deeper regions (0.22;
0.27). A minimum distance from the capsule of > 15
mm is recommended for measurements using the
VTIQ technique.
In healthy volunteers, the 95%CI for the mean and
median of the 6C1 and 9L4 probes stood at 1.23-1.29
m/s; 1.20-1.26 m/s and 1.17-1.23 m/s; 1.17 m/
s-1.23 m/s, respectively. These data were below the
established cut-off value of 1.34 m/s for diagnosis of
[5]
high-grade liver fibrosis (F ≥ 2) . In other studies,
both higher and lower values were reported for mean
± SD, median, minimum, and maximum SWVs. It is
therefore questionable whether SWV findings can be
[7,20]
directly compared with other populations
.
A limitation of the present study is the lack of
laboratory data. Thus, subjects with unrecognized
elevation of liver function tests could have been included
in the study population. In addition, the validity of data
was not secured using an SR of > 60% and an IQR of
< 30%. However, unlike transient elastography, there
are no corresponding guidelines from the manufacturer,
to date. The reproducibility of the measurement
method was also not investigated. The value of the
[6,7]
VTTQ technique has already been shown in studies .
Corresponding investigations must now be performed
for the VTIQ method.
Due to lower dispersion, measurements in the
right hepatic lobe and deep regions are preferable.
Gender differences must be considered. The BMI must
be considered when assessing VTIQ. The choice of
probe affects the SWV in deep measurements. Further
studies must be performed to confirm the results.
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SYSTEMATIC REVIEWS

Systematic review: Eosinophilic esophagitis in Asian
countries
Yoshikazu Kinoshita, Norihisa Ishimura, Naoki Oshima, Shunji Ishihara

Abstract

Yoshikazu Kinoshita, Norihisa Ishimura, Naoki Oshima,
Shunji Ishihara, Department of Gastroenterology and
Hepatology, Shimane University School of Medicine, Izumo
693-8501, Japan

AIM: to investigate the prevalence and the clinical
characteristics of Asian patients with eosinophilic
esophagitis.
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Kinoshita Y, Ishimura N and Ishihara S performed the systematic
literature search; Ishimura N and Oshima N performed the
statistical calculations; Kinoshita Y and Ishihara S wrote the
manuscript.

METHODS: We conducted a systematic search of the
PubMed and Web of Science databases for original
studies, case series, and individual case reports of
eosinophilic esophagitis in Asian countries published
from January 1980 to January 2015. We found 66
and 80 articles in the PubMed and Web of Science
databases, respectively; 24 duplicate articles were
removed. After excluding animal studies, articles not
written in English, and meeting abstracts, 25 articles
containing 217 patients were selected for analysis.

Conflict-of-interest statement: The authors have no conflicts of
interest to declare concerning this manuscript.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Sample size-weighted mean values were
determined for all pooled prevalence data and clinical
characteristics. The mean age of the adult patients
with eosinophilic esophagitis was approximately 50
years, and 73% of these patients were male. They
frequently presented with allergic diseases including
bronchial asthma, allergic rhinitis, food allergy, and
atopic dermatitis. Bronchial asthma was the most
frequent comorbid allergic disease, occurring in 24% of
patients with eosinophilic esophagitis. Dysphagia was
the primary symptom reported; 44% of the patients
complained of dysphagia. Although laboratory blood
tests are not adequately sensitive for an accurate
diagnosis of eosinophilic esophagitis, endoscopic
examinations revealed abnormal findings typical of this
disease, including longitudinal furrows and concentric
rings, in 82% of the cases. One-third of the cases
responded to proton pump inhibitor administration.
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CONCLUSION: The characteristics of eosinophilic
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esophagitis in Asian patients were similar to those
reported in Western patients, indicating that this disease
displays a similar pathogenesis between Western and
Asian patients.

MATERIALS AND METHODS
Systematic literature search

Systematic searches of PubMed and Web of Science
for reports published from January 1980 to January
2015 were conducted using the following search strings:
[eosinophilic esophagitis] and ([Asia] or [Asian] or
[Japan] or [Japanese] or [Korea] or [Korean] or
[China] or [Chinese] or [Taiwan] or [India] or [Indian]
or [Indonesia] or [Cambodia] or [Singapore] or [Sri
Lanka] or [Thailand] or [Nepal] or [Pakistan] or
[Bangladesh] or [Timor] or [Bhutan] or [Philippines] or
[Brunei] or [Viet Nam] or [Malaysia] or [Myanmar] or
[Maldives] or [Mongolia] or [Laos]). All articles written
in English, including original articles, case series, and
individual case reports, were analyzed.

Key words: Eosinophilic esophagitis; Allergy; Prevalence;
Symptom; Endoscopy; Asia; Treatment
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We conducted a systematic literature search
of eosinophilic esophagitis in Asian countries. More than
200 patients with eosinophilic esophagitis were found,
and their clinical characteristics were summarized. All
clinical characteristics of the Asian patients, except for
the prevalence of food impaction, were similar to those
of Western patients. Eosinophilic esophagitis may share
the same pathogenetic mechanisms between Asian and
Western patients.

Data extraction and analysis

Because we were interested in the prevalence and the
clinical characteristics of EoE in Asian countries, we
focused on the number of cases investigated via upper
gastrointestinal endoscopy. In addition, we recorded
possible accompanying atopic diseases, symptoms,
laboratory test results, endoscopic findings, and
therapeutic responses.

Kinoshita Y, Ishimura N, Oshima N, Ishihara S. Systematic
review: Eosinophilic esophagitis in Asian countries. World J
Gastroenterol 2015; 21(27): 8433-8440 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i27/8433.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i27.8433

Statistical analysis

Sample size-weighted mean values were determined for
all pooled prevalence data and clinical characteristics.
The statistical methods of this study were reviewed
by Akira Yasuda, Department of Medical Informatics,
Shimane University, Izumo, Japan.

INTRODUCTION
Eosinophilic esophagitis (EoE) is a chronic inflammatory
esophageal disease that induces dense intra-epithelial
[1,2]
infiltration of eosinophils in the esophageal mucosa .
Affected patients develop esophageal fibrostenotic
complications after chronic inflammation and often
suffer from dysphagia, swallowing discomfort, and
heartburn. More than half of patients with EoE have
concomitant atopic diseases, which may play a role in
its development. The pathogenetic mechanism of EoE
is considered to be a Th2-type chronic allergic reaction,
primarily to food allergens, and IL-5, -13, and -15,
eotaxin-3, periostin, and TGF-β are considered to be
[3,4]
the principal participants in the development of EoE .
As with many allergic diseases, including bronchial
asthma, the incidence and the prevalence of EoE have
been shown to be rapidly increasing, with a reported
incidence in Western countries ranging from 10 to 50
[5]
per 100000 individuals in the general population .
Published reports of EoE from Asian countries are
limited, including only observational studies using a
small sample size and case reports. Because of this
limited information, the prevalence of EoE in Asian
countries, as well as similarities and differences in
regards to the clinical characteristics of affected
patients, in Western and Asian countries have not been
clarified. In the present study, we surveyed original
publications and case reports of EoE from Asian
countries and performed a systematic review.

WJG|www.wjgnet.com

RESULTS
Literature search

The literature search identified 25 articles, including 8
case reports, that fulfilled the inclusion criteria for this
[6-30]
review (Figure 1)
. Most studies were performed
in Japan (n = 15), followed by Korea, Turkey, Saudi
Arabia, China, and Taiwan. We did not find any reports
from other Asian countries, including central and
western Asian countries.

Demographic characteristics

The identified reports included a total of 217 Asian
patients with EoE, of whom 73% were male. All studies
except for 2 contained more males than females,
although one report of 4 patients did not indicate their
age or gender. The age of the patients in these studies
ranged from 1 to 83 years, with a mean age of 40.4
years, and the mean age of the adult patients was
approximately 50 years (Figure 2).

Prevalence of EoE

Nine studies investigated the prevalence of EoE in upper
gastrointestinal cases investigated via endoscopy. Of
117946 cases in which endoscopy was used, EoE was
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PubMed
(n = 66)

Web of science
(n = 80)

Duplicates removed (n = 24)

Studies retrieved for detailed
evaluation (n = 122)

Removed after detailed evaluations including those with
only animal data, confusing or duplicate data, from nonAsian countries, not written in English, without adequate
information, or review articles of abstracts (n = 97)

Relavant studies
(n = 25)

Figure 1 Flow chart of our systematic literature search.
Mean age of patients reported

No.
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Figure 2 Number of patients with eosinophilic esophagitis in all 25 studies included in this review. The dots indicate the mean age, and the dot size indicates
the number of patients. One report did not describe the ages of the included patients.
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Figure 5 Symptoms reported by patients with eosinophilic esophagitis.
Twenty-four articles contained descriptions of symptoms reported by patients.
The most frequently reported symptom was dysphagia, followed by heartburn.

50000

Number of cases investigated using endoscopy

Figure 3 Reported prevalence of eosinophilic esophagitis in patients
examined via upper gastrointestinal endoscopy. In the studies using a
smaller sample size, the prevalence of eosinophilic esophagitis (EoE) was
higher. Different indication criteria for endoscopic examination between
institutions may be partially responsible for the large variation in the reported
incidence of EoE.

cases (Figure 4). Bronchial asthma was reported in 42
patients, allergic rhinitis in 39 patients, food allergies in
23 patients, and atopic dermatitis in 20 patients. More
than 50% of the patients with EoE had some type
of allergic disease or a medical history of an allergic
disease.

Symptoms reported by patients

30%

Symptoms were reported in 213 cases (Figure 5),
and multiple symptoms were often noted. Dysphagia
and/or swallowing discomfort, the most frequently
noted symptoms, were reported by 93 patients. Other
reported symptoms included heartburn (n = 47),
epigastralgia (n = 24), failure to thrive (n = 20, only
pediatric cases), vomiting (n = 13), chest pain (n =
11), food impaction (n = 9), regurgitation (n = 8),
abdominal pain (n = 6), and back pain (n = 4). Of the
40 pediatric cases, 18 reported dysphagia or swallowing
discomfort.
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Figure 4 Allergic diseases reported by patients with eosinophilic
esophagitis. Twenty-one articles contained descriptions of the histories of
allergic diseases among the reported patients. The most frequently reported
allergic disease was bronchial asthma, followed by allergic rhinitis.

Laboratory test results

The possible presence of peripheral blood eosinophilia
was reported in 102 patients, 34 (33%) of whom had
eosinophilia (> 500 eosinophils/μL), although highgrade eosinophilia (> 1000 eosinophils/μL) was rarely
encountered. The total serum IgE concentration was
reported for 76 cases, of which 45 (59%) of the cases
displayed elevated IgE levels.
Serum anti-Helicobacter pylori (H. pylori) IgG
antibody levels were reported for 24 patients, although
only 4 (17%) were found to be infected by H. pylori,
suggesting a lower rate of infection in EoE cases than
in healthy individuals.

found in 77 cases. The reported prevalence of EoE in
these studies displayed wide variability, from 17 to
5
6557 per 10 endoscopy-investigated cases. However,
the possibility of inclusion bias in the studies using a
small sample size should be considered, as the studies
using a small sample size showed a higher prevalence
of EoE (Figure 3). Two studies that included more than
20000 endoscopy-investigated cases showed an EoE
5
prevalence of approximately 20 in 10 cases, suggesting
a lower prevalence in Asian countries than in Western
countries. No studies investigated the population-based
prevalence or incidence of EoE in Asian countries.

Endoscopy

Endoscopic findings were reported for 188 patients
(Figure 6), of whom 154 (82%) had some endoscopic
abnormalities suggesting the presence of EoE,

History of allergic diseases

A history of allergic diseases was reported for 175
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PPI-responsive cases, 23 of the 61 patients (38%)
responded favorably to PPI administration and were
diagnosed with PPI-responsive EoE (PPI-REE) according
to the 2011 Eosinophilic Esophagitis Updated Consensus
[1]
Recommendations .
All symptomatic patients with EoE were reported
to be successfully treated via glucocorticoid or PPI
administration or dietary therapy. A small number of
patients had negligible symptoms that did not require
therapeutic intervention or experienced spontaneous
disease remission, at least temporarily, without any
treatment. None of the reported patients required
balloon dilatation treatment for esophageal stenosis.
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Our review of the literature identified over 200 patients
with EoE in Asian countries during the search period.
An increasing trend of publication was observed since
2011, as 21 of the 25 studies surveyed were published
after 2011. The age and gender ratios of the reported
cases in Asian countries were very similar to those
[1,2,31]
reported in Western countries
, although the
reason for the male preponderance of EoE has yet to
be clarified.
The prevalence of EoE in Asian countries has not
been appropriately investigated via population studies,
in contrast to the studies performed in Western
[5,32]
countries
. The prevalence of cases that utilized
endoscopy varied remarkably among the studies
reviewed here (Figure 3), and this variability may
be partially due to the different indications for which
upper gastrointestinal endoscopy is used and partially
because of different levels of familiarity with EoE among
endoscopists in different countries. In Western countries,
EoE has been reported to be found in approximately 1
[33,34]
out of 200 endoscopy examinations
. In contrast,
studies using large a sample size performed in Asian
countries have reported EoE in approximately 1 out of
5000 endoscopy examinations, indicating a much lower
[12,14]
prevalence of EoE
. Because the accessibility of and
the indication for endoscopic examination are known
to differ between Western and Asian countries, a direct
comparison of the EoE prevalence based on endoscopic
findings between these 2 regions of the world is difficult.
We believe that population-based studies in Asian
countries are needed.
Similar to Western EoE patients, Asian EoE patients
frequently presented with comorbid atopic and allergic
[1,2,31]
diseases
. In both regions, bronchial asthma has
been shown to be the allergic disease most frequently
associated with EoE. Thus, the atopic condition is
considered to be at least partially involved in the
development of EoE not only in Western countries
but also in Asian countries. The occurrence of allergic
diseases may be prevented by bacterial or parasitic
[35,36]
infections
. In Western countries, the infection rate
of H. pylori is reported to be lower in patients with
[33,37]
EoE
, and in the Asian EoE patients, eosinophilic

Figure 6 Endoscopic abnormalities found in patients with eosinophilic
esophagitis. Longitudinal furrows, white plaques, and fixed/transient concentric
rings were most frequently detected.

including furrows, concentric rings, and white plaques.
Longitudinal furrows were the most frequently reported
abnormality, observed in 52% of the patients, followed
by white plaques and concentric rings. Shimura and coworkers investigated the sensitivity and the specificity
of various endoscopic abnormalities in Asian patients
and found that longitudinal furrows corresponded to
[27]
the highest positive and negative predictive values .
Non-specific findings such as edema, erythema, and
decreased visibility of the vasculature were reported in
a small number of patients.
Regarding the histological diagnosis of EoE, 7
studies employed 20 or 24 eosinophils/high power
field as the minimal threshold to indicate eosinophil
infiltration for EoE diagnosis. In the remaining studies,
the patients were diagnosed with histological EoE when
15 or more eosinophils/high power field were found
in esophageal mucosa biopsy specimens. Eosinophil
micro-abscess, fibrosis in the esophageal sub-epithelial
layer, and infiltration of other immunocytes into the
epithelial layer have been reported to be possible
characteristic histological findings of EoE, although
these histological abnormalities were not used for
the diagnosis of EoE in the collected publications.
Additionally, the sites of biopsy sampling were not
clearly described in the collected publications, despite
that the sampling site may affect the sensitivity and
the specificity of histological diagnosis.

Therapeutic response

Topical glucocorticoid therapy, elemental or elimination
diet, and proton pump inhibitor (PPI) therapy were
generally employed for the treatment of EoE. Some
studies included PPI-responsive cases, whereas
others excluded such cases. In 7 studies that included

WJG|www.wjgnet.com

8437

July 21, 2015|Volume 21|Issue 27|

Kinoshita Y et al . Eosinophilic esophagitis in Asia
gastrointestinal diseases were reported to be infre
[38,39]
quently accompanied by H. pylori infection
. The
infection rate observed in the present review also
suggests a lower rate of H. pylori infection in Asian EoE
patients than in the general Asian population.
For accurate diagnosis of EoE, a biopsy performed
via upper gastrointestinal endoscopy is absolutely
necessary. The presence of characteristic symptoms
and endoscopic abnormalities is important for de
termining whether biopsy specimens should be
collected. Dysphagia, the most frequently reported
symptom of EoE in both Asian and Western countries,
was found in nearly half of the patients reported in
the studies covered by this review. Alternatively,
food impaction was reported in less than 5% of
Asian EoE cases, and this value was lower than
[40,41]
that in Western countries
. Endoscopy revealed
longitudinal furrows in half of the Asian patients;
thus, longitudinal furrows were the most frequently
observed endoscopic abnormality in both Asian and
[42-44]
Western EoE patients
. As in Western studies,
more than 80% of the Asian EoE patients showed
endoscopic abnormalities characteristic of EoE, inclu
ding longitudinal furrows, plaques, and concentric
rings. These findings clearly indicate that Western
and Asian EoE patients share similar symptoms and
endoscopic abnormalities. This information is important
for the accurate diagnosis of EoE. However, in Asian
patients, fixed concentric rings/stenosis were not
frequently found, although transient concentric rings
[12,19,27]
were reported
. The rarity of fixed concentric
rings in Asian EoE patients is reasonable given the
observation that food impaction is a rare symptom
reported by Asian patients with EoE. The low grade of
inflammation and the early stage of EoE disease at the
time of diagnosis in Asian patients may be responsible
for these differences in the clinical characteristics of
EoE between Asian and Western patients.
EoE can be divided into two types, EoE and PPIREE, based on the response of the disease to PPI
administration. When administration of a PPI results
in the resolution of EoE together with endoscopic
abnormalities and symptoms, the appropriate diagnosis
[1,2]
is PPI-REE
. Alternatively, when a response to
a PPI is not observed, the patient should be diag
nosed with EoE according to the consensus of the
[1,2]
published recommendations
. However, some
investigators have questioned the appropriateness
of this classification. PPI-REE and EoE do not differ
in regards to their clinical, endoscopic, or histological
[45-47]
characteristics
, and the messenger RNA expression
profile in the esophageal mucosa of PPI-REE and EoE
[48]
cases has been reported to be nearly identical . In
addition, PPIs have recently been shown to suppress
Th2-type inflammatory responses, which are impor
[49,50]
tant for the development of EoE
. Together,
these findings suggest the limited importance and
difficultly of PPI responsiveness in the classification
of EoE. As a result, some investigators included PPI-
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responsive EoE cases in their study population,
whereas others did not. Seven studies covered by
our review classified their study populations into PPIREE and PPI-resistant EoE cases, and 23 (38%) of the
61 patients analyzed in those 7 reports exhibited PPI
responsiveness. Although the percentage of PPI-REE
cases reported by various studies differs remarkably
in Western countries, 38% of the Asian cases were
responsive to PPI administration, and this finding was
generally similar to the results reported in Western
[46,51,52]
countries
. Additionally, PPI-resistant EoE patients
in Asian countries were reported to be successfully
treated via administration of glucocorticoid or dietary
therapies, as has been reported in Western countries.
In summary, patients with EoE in Asian countries
share similar clinical, endoscopic, and histopathological
characteristics to those reported in Western countries,
although the prevalence of EoE is lower in Asia. Onethird of the Asian EoE patients responded favorably to
PPI administration, whereas the others showed a good
response to glucocorticoid or dietary therapy; these
results were identical to those reported in Western
countries. We conclude that EoE patients in Asian
countries exhibit similar characteristics to those in
Western countries.

COMMENTS
COMMENTS
Background

The prevalence of eosinophilic esophagitis (EoE), a disease that is primarily
caused by food allergies, is rapidly increasing in Western countries. EoE
decreases health-related quality of life by causing dysphagia. The prevalence of
EoE was reported to be approximately 50 per 100,000 individuals in the USA.
However, the prevalence, the incidence, and the clinical characteristics of Asian
patients with EoE have not been thoroughly investigated.

Research frontiers

Based on twin studies, the role of genetic factors in the development of EoE is
approximately 20%. Therefore, with the westernization of social environments
in Asian countries, EoE is expected to increase in a manner similar to that in
Western countries. Accordingly, the prevalence and the clinical characteristics
of Asian EoE patients need to be summarized and compared with those of
Western EoE patients.

Innovations and breakthroughs

We have conducted a systematic literature search for studies on Asian patients
with EoE. More than 200 such patients were found in the literature. The
prevalence of EoE in Asian countries is lower than that reported in Western
countries. The clinical characteristics of EoE are similar between Asian and
Western countries, and common pathogenetic mechanisms are suggested.
Possibly because of the lower grade of inflammation or the early stage of
EoE at the time of diagnosis in Asian patients, endoscopic abnormalities and
symptoms associated with EoE were less frequently observed in Asian patients
than in Western patients.

Applications

The results of this study suggest that information concerning Western patients
with EoE can be applied to Asian patients with EoE and that similar treatment
strategies used in Western patients can be administered to Asian patients.

Terminology

The eosinophil is a type of leukocyte that increases and accumulates in
allergic diseases. These cells, together with other inflammatory cells, cause
inflammation in the esophageal mucosa, resulting in unpleasant symptoms.
Dysphagia, or difficulty in swallowing, is the symptom most frequently reported
by patients with EoE. Dysphagia significantly decreases patient quality of life.

Peer-review

Endoscopy examination is more popular in Asian countries, however, the
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diagnosis of EoE is rare than that in Western countries. The authors reviewed
the clinical characteristics of Asian EoE patients, which is helpful for the
understanding of this disease in the East.
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AIM: To perform a systematic review and metaanalysis on robotic-assisted vs laparoscopic liver
resections.
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METHODS: A systematic literature search was per
formed using PubMed, Scopus and the Cochrane
Library Central. Participants of any age and sex, who
underwent robotic or laparoscopic liver resection
were considered following these criteria: (1) studies
comparing robotic and laparoscopic liver resection; (2)
studies reporting at least one perioperative outcome;
and (3) if more than one study was reported by the
same institute, only the most recent was included. The
primary outcome measures were set for estimated
blood loss, operative time, conversion rate, R1 resection
rate, morbidity and mortality rates, hospital stay and
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CONCLUSION: Laparoscopic liver resection resulted in
reduced blood loss and shorter surgical times compared
to robotic liver resections. There was no difference in
conversion rate, R1 resection rate, morbidity and length
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of postoperative stay.

robotic surgeries: by 2011, more than 90% of the
360.000 robotic worldwide procedures were urologic
[18]
and gynecological operations . Perioperative and
oncological outcomes are equivalent to those reported
in the literature with the standard approach. Two
major drawbacks are the lack of haptic feedback and
[19]
high costs .
Many believe that robotic-assisted liver resections
(RLR) could be an advantageous technique allowing
for accurate tissue dissection and easier intracorporeal
sewing; furthermore, it is believed that RLR may allow
for the better resection of lesions adjacent to major
vessels, close to the liver hilum, or in difficult anatomic
[20]
positions . However, its evolution to now is not what
one would have expected for the LLR. Its use has been
relatively unexplored, accounting for few reports with
[21-37]
limited patient volume
.
As is the case of laparoscopic surgery, several reports
have documented the clinical outcomes of robotic
[18]
technique compared to open procedures . However,
due to the limited number of reports comparing both
techniques, it is not yet clear which method is more
beneficial to the patient or the most useful for lesions
located in difficult liver segments.
Considering the lack of consensus, the objective
of this study was to perform a systematic review and
meta-analysis on robotic-assisted vs laparoscopic
liver resections for all type of liver lesions. The primary
outcome measures were estimated blood loss, operative
time, conversion rate, R1 resection rate, morbidity and
mortality rates, hospital stay and major hepatectomy
rates. The analysis was limited to humans and to
articles reported in English language but no restriction
was set for type of publication, date, or publication
status.

Key words: Laparoscopic liver resections; Robotic liver
resections; Outcome; Systematic review; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: No consensus is available in the literature
about which technique between laparoscopic and
robotic liver resection is more beneficial to the patient.
This is the first systematic review and meta-analysis
comparing laparoscopic and robotic liver resection. We
investigated these two techniques in terms of estimated
blood loss, operative time, conversion rate, R1 resection
rate, morbidity and mortality rates, hospital stay and
major hepatectomy rates.
Montalti R, Berardi G, Patriti A, Vivarelli M, Troisi RI. Outcomes
of robotic vs laparoscopic hepatectomy: A systematic review and
meta-analysis. World J Gastroenterol 2015; 21(27): 8441-8451
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i27/8441.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i27.8441

INTRODUCTION
[1]

Since its introduction by Reich et al in 1991, laparo
scopy has been increasingly used for resection
of benign and malignant liver lesions, from minor
resections to major hepatectomies and living liver
[2-7]
donation . Several studies have suggested the safety,
feasibility, comparable perioperative and long-term
outcomes of laparoscopy compared to the standard
[8-10]
open approach
. In many centers, laparoscopic liver
resection (LLR) is considered the first choice in wellselected patients. Current limitations include a steep
[11]
learning curve , tumors adjacent to the hilum, the
hepatic veins and the inferior vena cava, bulky tumors,
difficult access to the posterior segments and the need
[9]
for biliary and vascular reconstructions . The reports
of LLR on the posterior segments are few and have
been limited to centers with a wide experience in both
open and laparoscopic liver surgery.
Robotics was introduced two decades ago with
the aim of overcoming the intrinsic limitations of
laparoscopic instruments and visualization. The da
®
Vinci Robotic Surgical System was introduced in
2000 to improve the surgeon’s dexterity by taking
advantage of the camera’s three-dimensional view and
[12-15]
endowristed instruments
. Furthermore, robotics
has also been described as an effective tool for nonresective and demanding hepatobiliary surgery, such
as bilio-digestive reconstructions and choledocal cysts
[16,17]
excisions
.
Radical prostatectomy and various gynecological
procedures currently make up the vast majority of

WJG|www.wjgnet.com

MATERIALS AND METHODS
Literature search

PRISMA statement guidelines were followed for
[38]
conducting and reporting meta-analysis data .
PICOS scheme was followed for reporting inclusion
criteria. A systematic literature search was performed
independently by two of the authors (RM and GB)
using PubMed, Scopus and the Cochrane Library
Central. The search was limited to humans and to
articles reported in English language. No restriction
was set for type of publication, date, or publication
status. Participants of any age and sex who underwent
robotic or laparoscopic liver resection for all type
of hepatic lesions were considered; robotic liver
resections were considered as the Intervention group
while the laparoscopic resections were considered
as the comparator group according to the PICOS
scheme. The search strategy was based on different
combinations of words for each database. For the
PubMed database the following combination was
used: (Laparoscopic or laparoscopy or laparoscopically
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Table 1 Characteristics of included studies
Laparoscopic liver resection
Ref.
Berber et al[21]
Ji et al[30]
Troisi et al[45]
Lai et al[41]
Wu et al[47]
Tsung et al[46]
Spampinato et al[43]

Country

Type of study

United States
China
Belgium-Italy
China
Taiwan
United States
Italy

Retro/Comparative
Retro/Case-control
Retro/Comparative
Retro/Comparative
Retro/Comparative
Retro/Case-control
Retro/Comparative

Total n. of No. of
patients
patients
32
33
263
66
79
171
50

23
20
223
33
41
114
25

Robotic liver resection

Age

M/F

No. of
patients

Age

M/F

Score of study
2
quality

66.7 ± 9.6
NR
55.3 ± 15.7
NR
54.1 ± 14
58.7 ± 15.8
62 (33-80)1

12/11
NR
98/125
NR
28/13
47/67
10/15

9
13
40
33
38
57
25

66.6 ± 6.4
53 (39-79)1
64.6 ± 12.1
NR
60.9 ± 14.9
58.3 ± 14.6
63 (32-80)

7/2
9/4
27/13
NR
32/6
24/33
13/12

4+2+3
3+1+3
4+1+3
4+1+3
4+1+3
3+2+3
4+2+3

Data expressed as median (range); 2According to the NOS (Newcastle-Ottawa Scale) classification. Retro: Retrospective; NR: Not reported.

1

or minimally invasive) and (liver resection or liver
resections or hepatectomy or hepatectomies or hepatic
resection or hepatic resections or liver surgery) and
(robotic or robotically or robot or robot assistance or
robot-assisted or robotic-assisted).
For the Scopus database the following combination
was used: TITLE-ABS-KEY (Laparoscopic or laparoscopy
or laparoscopically or “minimally invasive”) and TITLEABS-KEY (“liver resection” or “liver resections” or
hepatectomy or hepatectomies or “hepatic resection” or
“hepatic resections” or “liver surgery”) and TITLE-ABSKEY (robotic or robotically or robot or “robot assistance”
or “robot-assisted” or “robotic-assisted”).
The same key words were inserted in the search
manager fields of the Cochrane Library Central. The
search was further broadened by extensive crosschecking of reference lists of all retrieved articles
fulfilling the inclusion criteria. For all databases, the last
search was run on 07 July, 2014.

data (Table 1 and 2): (1) First author, year of publication
and study type; (2) Number and characteristics of
patients of both the laparoscopic and robotic resection
groups; and (3) Treatment outcomes, including blood
loss, operative timing, conversion, mortality, morbidity,
R1 resection rates, hospital stay and rate of major
hepatectomies. All relevant texts, tables and figures
were reviewed for data extraction; whenever further
information was required, the corresponding authors of
the papers were contacted by e-mail.
Discrepancies between the two reviewers were
resolved by consensus discussion.

Risk of Bias

The Newcastle-Ottawa Scale was used for retrospective
studies to assess quality. Funnel plots were constructed
to assess the risk of publication bias across series for
all outcome measures.

Statistical analysis

Study selection

The meta-analysis was performed using RevMan
software version 5.1. Odds ratios (OR) were used as
a summary measure of efficacy for dichotomous data
and mean differences (MD) between groups were used
for continuous variables. A 95%CI was reported for
both measures. If the study provided medians and
interquartile ranges instead of means ± SD, the means
[39]
± SD were imputed, as described by Hozo et al . The
fixed-effect model was used when no heterogeneity
was detected among studies, while the random-effect
model was preferred when variance existed. Statistical
2
heterogeneity was evaluated using the I statistic.
2
I values of 0-25%, 25%-50% and > 50% were
considered as indicative of homogeneity, moderate
heterogeneity and high heterogeneity, respectively. All
statistical data were considered with a P-value < 0.05.
The statistical methods of this study were reviewed by
Filippo Oropallo from National Statistical Institute of
Italy.

The same two authors independently screened the
titles and abstracts of the primary studies that were
identified in the electronic search. Duplicate studies
were excluded. The following inclusion criteria were
set for inclusion in this meta-analysis: (1) Studies
comparing robotic and laparoscopic liver resection for
all types of hepatic lesions; (2) Studies reporting at
least one perioperative outcome including blood loss,
operative timing, conversion, mortality, morbidity,
R1 resection rates, hospital stay and rate of major
hepatectomies; and (3) If more than one study was
reported by the same institute, only the most recent or
the highest level of study was included.
The following exclusion criteria were set: (1) Original
studies assessing the outcome of either laparoscopic
or robotic liver resection; (2) Review articles, letters,
comments and case reports; and (3) Studies where it
was impossible to retrieve or calculate data of interest.
The Cohen kappa statistic was used to quantify
agreement between the investigators.

RESULTS
Study selection

Data extraction

The literature search yielded 291 articles; after duplicate

The same two authors extracted the following main
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Table 2 Raw data of each included study
First author

Blood loss (mL)

Operative time (min)

Conversion

155 ± 54
136 ± 61

233.6 ± 16.4
258.5 ± 27.9

0%
11.10%

Berber et al[21]
Laparoscopic liver resection
Robotic liver resection
Ji et al[30]
Laparoscopic liver resection
Robotic liver resection
Troisi et al[45]
Laparoscopic liver resection
Robotic liver resection
Lai et al[41]
Laparoscopic liver resection
Robotic liver resection
Wu et al[47]
Laparoscopic liver resection
Robotic liver resection
Tsung et al[46]
Laparoscopic liver resection
Robotic liver resection
Spampinato et al[43]
Laparoscopic liver resection
Robotic liver resection

NA
NA

130 ± 42.5
338 ± 166.9

Morbidity

R1 rate

Hospital stay (d)

17%
11%

NR
NR

NR
NR

10%
0%

10%
7.80%

NR
NR

NA
NA

12.60%
12.50%

5.40%
7.50%

5.9 ± 3.8
6.1 ± 2.6

174 ± 133
330 ± 303

262 ± 111
271 ± 100

7.60%
20%

347.7 ± 498.7
373.4 ± 872

133.4 ± 42.7
202.7 ± 69.8

NR
NR

9%
3%

9.10%
9.10%

NR
NR

173 ± 165
325 ± 480

227 ± 80
380 ± 166

12.20%
5%

10%
8%

NR
NR

7.2 ± 4.4
7.9 ± 4.7

100 ± 50
200 ± 71.8

198.5 ± 20.6
253 ± 43.7

8.80%
7%

26%
19.30%

8%
5%

4 ± 0.3
4 ± 0.6

512.5 ± 287.5
625 ± 450

375 ± 105
456.2 ± 121

4%
4%

36%
16%

9%
0%

10.2 ± 4.2
10.5 ± 4.5

Identification

NR: Not reported; NA: Not assessable.

Records identified through
database searching
(n =291)

Additional records identified
through other sources
(n = 0)

Screening

Records after duplicates removed
(n = 207)

Records screened
(n = 207)

Records excluded
(n =196)

Eligibility

Full-text articles assessed
for eligibility
(n =11)

Full-text articles excluded
(n = 4)
- Redundant publications
coming from the same
institution (n =4)

Included

Studies included in
qualitative synthesis
(n = 7)

Studies included in
quantitative synthesis
(meta-analysis)
(n =7)

Figure 1 Study selection.
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Study or subgroup
Mean
Berber (2010)
136
Troisi (2013)
330
Lai (2013)
373.3
Tsung (2014)
200
Wu (2014)
325
Spampinanto (2014) 625

Robotic
Laparoscopic
SD
Total Mean
SD
Total
61
9
155
54
23
303
40
174
133
223
872.5 33 347.7 498.7
33
71.8
57
100
50
114
480
38
173
165
41
450
25 512.5 287.5
25

Weight
26.5%
19.7%
4.0%
28.9%
12.2%
8.7%

Total (95%CI)
202
459 100.0%
2
2
2
Heterogeneity: Tau = 4753.17, χ = 24.96, df = 5 (P = 0.0001); I = 80%
Test for overall effect: Z = 2.24 (P = 0.03)

Mean difference
iv, Random, 95%CI
-19.00 [-64.56, 26.56]
156.00 [60.49, 251.51]
25.70 [-317.18, 368.58]
100.00 [79.22, 120.78]
152.00 [-8.76, 312.76]
112.50 [-96.82, 321.82]

Mean difference
Ⅳ, Random, 95%CI

83.96 [10.51, 157.41]
-200 -100 0 100 200
Favours [Robotic] Favours [Laparoscopic]

Figure 2 Meta-analysis Forest plot concerning estimated blood loss.

Study or subgroup
Mean
Berber (2010)
258.5
Ji (2011)
338
Troisi (2013)
271
Lai (2013)
202.7
Spampinanto (2014) 456.2
Tsung (2014)
253
Wu (2014)
380

Robotic
Laparoscopic
SD
Total Mean
SD
Total
27.9
9
233.6 16.4
23
166.9 13
130
42.5
20
100
40
262
111
223
69.8
33 133.4 42.7
33
121
25
375
105
25
43.7
57 198.5 20.6
114
166
38
227
80
41

Weight
18.7%
6.7%
15.9%
17.2%
10.5%
19.7%
11.3%

Total (95%CI)
215
479 100.0%
2
2
2
Heterogeneity: Tau = 1089.59, χ = 38.43, df = 6 (P < 0.00001); I = 84%
Test for overall effect: Z = 4.59 (P < 0.00001)

Mean difference
iv, Random, 95%CI
24.90 [5.48, 44.32]
208.00 [115.38, 300.62]
9.00 [-25.24, 43.24]
69.30 [41.38, 97.22]
81.20 [18.40, 144.00]
54.50 [42.54, 66.46]
153.00 [94.82, 211.18]

Mean difference
Ⅳ, Random, 95%CI
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Figure 3 Meta analysis Forest plot concerning operative time.

Estimated blood loss

removal, 207 titles and abstracts were reviewed (Figure
1). Of these, 196 papers were excluded for the following
reasons: 110 were not related to liver resections, 81
did not compare techniques, 3 were review articles
[21,30,40-48]
and 2 were letters. Finally, eleven articles
were selected for full-text review; of these, four more
were excluded because of redundant series from the
[40,42,44,48]
same institute
. There was no disagreement
regarding eligibility of full-text articles (Cohen kappa
= 1). Finally, a total of 7 articles, dated between 2010
and 2014, fulfilled the selection criteria and were
therefore included in this meta-analysis; all the articles
finally selected were retrospective studies, of which
[30,46]
[21,41,43,45,47]
and five comparative
.
two case-controls
All of the studies included a total of 694 patients: 479
who underwent laparoscopic liver resection and 215
cases of robotic liver resection. The characteristics of the
included studies are summarized in Table 1. According
to the NOS scale, the study quality was graded 9 for two
publications (both 4+2+3 respectively for Selection,
[21,43]
Comparability and Exposure measurements)
, 8 for
[41,45,47]
[46]
four (three 4+1+3
and one 3+2+3 ) and 7 for
[30]
one publication (3+1+3) .
Three corresponding authors were contacted by
[21,30,41]
e-mail for obtaining unpublished or unclear data
and of these, none responded addressing questions.
The outcomes of interest of each single study are
summarized in Table 2.
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Six of the included studies reported results regarding
blood loss in both groups. An overall significant
reduction in blood loss was observed in the laparoscopic
group compared to the robotic one (MD = 83.96,
95%CI: 10.51-157.41, P = 0.03) (Figure 2).

Operative time

All articles were included to determine the overall
effect regarding operative time. According to Figure
3, the laparoscopic approach was associated with a
significantly lower operative time compared to the
robotic technique (MD = 68.43, 95%CI: 39.22-97.65,
P < 0.00001).

Conversion

Conversion was considered as switching to an open
or hand assisted approach during the operation. Six
of the seven papers included in the meta-analysis
reported data regarding conversion, and no statistically
significant overall differences were observed (OR =
1.19, 95%CI: 0.48-2.99, P = 0.71) (Figure 4).

R1 resection rate

No statistically significant difference was found
between the two approaches with respect to the R1
resection rate, including four of the seven studies
selected (OR = 1.71, 95%CI: 0.95-3.09, P = 0.07)
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Study or subgroup
Berber (2010)
Ji (2011)
Troisi (2013)
Wu (2014)
Tsung (2014)
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Robotic
Events
Total
1
9
0
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8
40
2
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4
57
1
25
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0
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2
20
17
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5
41
10
114
1
25

Weight
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7.4%
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18.2%
26.4%
8.7%

Total (95%CI)
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446
100.0%
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16
35
2
2
2
Heterogeneity: Tau = 0.45, χ = 8.03, df = 5 (P = 0.15); I = 38%
Test for overall effect: Z = 0.38 (P = 0.71)

Mean difference
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8.29 [0.31, 223.83]
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Figure 4 Meta-analysis Forest plot concerning conversion.
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100.0%
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Figure 5 Meta-analysis Forest plot concerning R1 resection rate.
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479
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38.5%
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Mean difference
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0.59 [0.06, 6.18]
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Figure 6 Meta-analysis Forest plot concerning morbidity.

Hospital stay

(Figure 5).

Four of the seven included studies reported hospital
stay outcomes. No overall differences were found
between the two approaches (MD = 0.01, 95%CI:
-0.15-0.17, P = 0.89, Figure 7).

Mortality and morbidity

Due to the different reporting methods in the single
papers, overall results regarding mortality were
impossible to calculate. In some articles, 30-d mortality
[41]
was reported , while in others, 90-d mortality was
[43,46]
the measurement used
; in some of the papers, no
[45,47]
specification was given
. Finally, two articles did not
[21,30]
report any data on mortality
. Regarding overall
morbidity, data were reported in all of the included
studies and no overall differences were observed (OR
= 0.66, 95%CI: 0.40-1.09, P = 0.10) (Figure 6).
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Major hepatectomies rate

Due to the different classifications regarding major
and minor hepatectomies and to the lack of reported
data among studies, no overall effect was calculated.
Specifically, two articles described only minor hepatec
[21,41]
[43]
tomies
, one described only major hepatectomies ;
one paper considered a major hepatectomy as the
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Study or subgroup
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Figure 7 Meta-analysis Forest plot concerning hospital stay.
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Figure 8 Funnel plot of morbidity (A) and hospital stay (B) in all included studies.
[46]

resection of 4 or more segments while three articles
considered a major hepatectomy as the resection of 3
[30,45,47]
or more segments
.

dexterity enabled by the endowristed movements,
the software filtration of surgeon’s movements and
the high-definition three-dimensional vision provided
by the stereoscopic camera combine to guarantee
[62]
a steady and careful dissection of the structures .
Nevertheless, RLR has had a slower evolution over the
last years; it does not currently provide some useful
tools, such as an “endowristed” surgical aspirator or
high-energy device that can fully exploit the potential
of the movements and vision offered by the robot,
especially when operating in a limited resection
space (i.e., when approaching P-S segments). Other
potential limitations of RLR concern the need of an
additional attending surgeon and the high costs
of robot purchasing, instrumentation and annual
maintenance. There are very few centers in the world
that have performed a limited number of robotic liver
resections on highly selected patients. The technique
has not been standardized and it is questionable
whether any of these centers have gone through the
learning curve.
Few reports regarding laparoscopic and robotic
liver resections have been published that have
evaluated different outcomes and results among
series; therefore, there has been difficulty not only in
interpreting data but also in drawing final conclusions
regarding the superiority of one approach over
another. A meta-analysis, as a quantitative method for
therapeutic evaluation, may be used when controversy
persists in order to determine the results.

Publication bias

Funnel plots were constructed for each outcome and
showed symmetry, suggesting that publication bias
was not large and was unlikely to drive conclusions
(Figure 8A). Funnel plots regarding hospital stay
showed substantial asymmetry (Figure 8B).

DISCUSSION
Laparoscopic liver resections are considered safe
and effective in well-selected patients and have
shown better results in terms of blood transfusion,
postoperative hospital stay and morbidity compared
to open surgery, as described in the thirteen reported
[49-61]
. Several variants for the laparo
meta-analyses
scopic approach have been described, such as the pure
laparoscopic, the hand-assisted, the hybrid and singleport techniques. Conversely, it is not yet clear whether
robotic assistance demonstrates substantial advantage
over the pure laparoscopic technique.
The robotic platform is a tool with which many
of the limitations of conventional laparoscopic liver
surgery can be overcome: two-dimensional imaging
and tremor amplification, fulcrum effect against the
port, limited degrees of freedom for manipulation and
awkward ergonomics. Furthermore, the augmented

WJG|www.wjgnet.com
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To our knowledge, this is the first systematic review
and meta-analysis comparing robotics to laparoscopy
for liver resections. In this analysis, it was possible
to include only 7 studies containing 694 patients;
all of these articles were retrospective of which 2
case-controls and 5 comparative; to date, this may
represent the largest body of information available
for the comparison of RLR and LLR. According to the
Newcastle-Ottawa scale used for assessing quality of
the studies, articles included in this meta-analysis were
[21,43]
[41,45-47]
[30]
graded with 9
, 8
or 7 , reflecting a high
quality concerning selection of patients, comparability
and exposure measurements.
The first laparoscopic liver resection was described
[63]
by Gagner et al
in 1992, whereas the first robotic
liver resection was published in 2003 by Giulianotti
[64]
et al . While the laparoscopic technique has had a
worldwide spread since its introduction, the robotic
technique has not had the same evolution, possibly
due to the significant upfront costs and the different
[21]
required learning curve. In 2010, Berber et al
described the first study comparing the two methods.
Since then, we have observed a progressive increase
of publications, suggesting a growing interest in
comparing both techniques. Unfortunately, in contrast
with laparoscopic surgery, there have been no
prospective randomized studies comparing laparoscopic
and robotic techniques.
The results of the present meta-analysis shows a
significant increase in bleeding in RLR. This may be
explained by the different techniques used for liver
transection. In fact, the most prevalent technique of
hepatic transection used in LLR requires the use of a
harmonic scalpel for superficial liver transection; in
most of the cases and accordingly to the surgeon’s
preference, the Cavitron Ultrasonic Surgical Aspirator
(CUSA) is used for deeper transection, which is a
tool that allow a meticulous and precise dissection of
the parenchymal structures. Conversely, robotic liver
transection is mainly based on the crush-clamping
technique, which requires, in most cases, the use of
an intermittent inflow occlusion (Pringles manoeuver).
In this case, an increased ischemia/reperfusion injury
should be anticipated when operating on a cirrhotic
[65]
liver .
Another difference we found was that the surgical
time was significantly longer in robotic hepatectomy.
The difference could be due to the different technique
of hepatic resection, but may also be because the
robotic technique is more recent and requires greater
experience and refinement; in addition, there may be
a difference among standardization of the procedures
and an obvious docking time of the system.
The rate of conversion was comparable between
RLR and LLR, which most likely indicates a similar
difficulty in approaching liver surgery.
The basic principle behind the oncological resection
of malignant diseases is to keep a sufficient tumor-free
margin in order to avoid incomplete tumor resection
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and possibly iatrogenic spread. Considering the fact
that most of the indications for minimally invasive liver
[66]
surgery are actually met in malignancies , margin
width is a major indicator in the quality of surgical
resection. With the aim of highlighting any differences
between the two techniques, the third end-point of
our meta-analysis was the margin width. We found
that the rate of R1 resection was not statistically
different between the two techniques, although there
was a trend towards decreased R1 resection margins
in the LLR group. These data should be analyzed in
more detail in future studies, which may suggest an
increased difficulty in the identification of a tumoral
lesion by intraoperative ultrasound (IOUS) with the
robotic technique. A possible explanation for this is
the fact that the surgeon who performs the ultrasound
is not the same that performs hepatectomy at the
robotic console. Only very recently robotic technology
has provided an IOUS guided by the surgeon at the
console.
According to our analysis, there was no statistically
significant difference in the morbidity rate between
the two analyzed techniques, although a trend
toward a lower complication rate in the robotic group
was observed. One might speculate that RLR offers
increased surgical precision leading to meticulous
dissection, individuation of small biliary structures,
minimizing bile leaks and decreased overall postoperative complications. Unfortunately, we did not
evaluate data in terms of the indicators of the degree of
difficulty of a minimally invasive procedure performed
using both approaches (i.e., resection of P-S segments
or living donor hepatectomy). Therefore, we cannot
conclude whether laparoscopy was performed for
more technically difficult interventions or vice versa.
To better characterize this issue, a comparative
analysis between RLR and LLR for approaching the P-S
segments is warranted.
Finally, the hospital stay showed similar results
between the two techniques. These are both minimally
invasive procedures; patients seems to have a
comparable postoperative course. The two techniques
seemed to be different for the surgeon but not for the
patient.
The main limitation of this meta-analysis is that
it is based on retrospective studies; only two of
which are case-control studies. Another limitation
of the study is that the included reports are highly
heterogeneous in terms of disease indications, types
of liver resection (minor or major) and location of liver
lesions. One of the included articles was limited to
[47]
liver resections for hepatocellular carcinoma , one of
[43]
them was limited to major hepatectomies
, two of
[21,41]
them were for minor hepatectomies only
, while
[40,42,44,48]
four studies
were excluded from the metaanalysis because a portion of the patients described
had already been considered in other series from the
same institutions. In this way, a substantial number of
patients were excluded from the analysis.
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minimized.

Estimated blood loss and operative time were
associated with significant heterogeneity between
studies. Although we used the fixed or random-effects
model, as appropriate, this bias was impossible to
overcome.
In the present meta-analysis, we did not analyze
the technical differences between the two methods
in terms of trocars positioning, type/version of the
robot, instrumentation for the transection of the liver,
intraoperative ultrasound methodology, duration of
hilar clamping, or other reported data because our
outcomes were decided a priori, based on the highest
clinically relevant end-points.
Moreover, in the present systematic review we did
not find studies, which focused on cost assessment
[30]
between RLR and LLR. Ji et al
described a general
hospital cost of $12.046 per intervention for robotics
and $7618 for the laparoscopic technique. Furthermore
[42]
Packiam et al , compared only the direct costs of the
operating room supplies, resulting in $5.130 vs $4.408
for RLR and LLR, respectively. Future research should
be directed to analyze costs differences between the
two procedures.
No prospective randomized trials are reported,
therefore, future research should be directed at
performing prospective randomized trials comparing
RLR to LLR. These prospective trials would have
fewer ethical issues than the comparison to the open
technique. In fact, RLR and LLR are both minimally
invasive approaches without differences in safety and
efficacy.
Future research should aim to extrapolate diff
erences in the learning curves between laparoscopic
and robotic liver resection and propose a method to
objectively assess the degree of difficulty in minimally
invasive liver surgery; this will highlight the value of
each technique, leading to better outcomes.
In summary, the results of this meta-analysis of
retrospective studies, demonstrated that laparoscopic
liver resection resulted in less blood loss and shorter
surgical times compared to robotic liver resections.
There was no difference in the conversion rate, R1
resection rate, morbidity and length of postoperative
stay. Future research should be directed in comparing
the two techniques, also in terms of cost analysis and
learning curve, especially in a prospective randomized
controlled fashion.

Innovations and breakthroughs

In the present study, the authors investigated the outcomes of two worldwide
spread minimally invasive techniques by pooling results from different centers.
This is the first report of a meta-analysis comparing robotic and laparoscopic
liver resections.

Applications

The present report allows understanding the role of two minimally invasive
techniques for liver resections.

Peer-review

This systematic review and meta-analysis of retrospective studies adds useful
information for practice and research, and probably for policy.
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Abstract
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Pancreatic metastases are uncommon. They have been
reported in lung cancer, gastrointestinal malignancies,
breast cancer, renal cell carcinoma, melanoma, lymphoma
and sarcoma, and usually have solid morphology. Cystic
metastasis to the pancreas is even more rare with few
case reports in the literature. However, with the increasing
use of computed tomography and magnetic resonance
imaging as well as endoscopic ultrasound, more such
lesions may be detected. Metastasis to the pancreas from
osteosarcoma is highly unusual, but can be seen with
the increasing survival of patients with osteosarcoma.
We present an extremely rare case of a predominantly
cystic lesion of the pancreas, which was diagnosed as
metastasis from osteosarcoma. The pathophysiology of
the cystic component of the metastasis of osteosarcoma
is unknown. Cystic necrotic degeneration of the solid
metastasis or pancreatitis secondary to the metastasis
with development of associated fluid collection can
be considered. Metastasis should remain a differential
consideration even for primarily cystic lesions of the
pancreas.
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Core tip: Cystic pancreatic lesions are more commonly
recognized and diagnosed with developing imaging
technologies. Metastasis to the pancreas from osteo
sarcoma is unusual, but has been reported in terms of
solid pancreatic masses. This case report shows that
metastasis should remain in the differential diagnosis
even for primarily cystic pancreatic lesions.
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presentation of a pancreatic cyst resulting from osteosarcoma
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Available from: URL: http://www.wjgnet.com/1007-9327/full/
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Figure 1 Non-contrast chest computed tomography demonstrates
a round mass in the left inferior paramediastinal-pleural region with
heterogeneous density (arrow). There is surgical hyperdense material seen
at the margin of the round mass and right anterior lung region, which was from
prior metastases resection.

to have significantly enlarged.
She was sent to interventional radiology for
drainage of the cystic lesion where approximately
1400 cc’s of fluid were obtained resulting in significant
improvement of her symptoms. Cytologic analysis of
the fluid at that time was negative for malignancy.
Her pain was controlled with narcotics as needed, with
plans for repeat ultrasound in two weeks for evaluation
of fluid reaccumulation. Her abdominal symptoms
initially were controlled, but returned several days later
prompting her to present to our hospital.
On initial exam at our hospital, she appeared
emaciated and weak with abdominal fullness in the
epigastric area without rebound appreciated on
palpation. Review of her history revealed no personal
history of pancreatitis or excessive alcohol use.
Laboratory data showed an anemia with a hemoglobin
of 8.1 g/dL, hyponatremia and hypokalemia with values
of 130 mmol/L and 2.8 mmol/L respectively, and mildly
elevated lipase measuring 185 U/L. Her serum CA 19-9
was elevated at 39.0 U/mL.
Endoscopic ultrasound (EUS) was performed in our
hospital, where extrinsic compression of the stomach
was found along the posterior wall. An oval mass
with both solid and cystic components was identified
involving the genu, body, and tail of the pancreas.
Normal pancreatic tissue was not well seen due to
the size of the lesion with one large cystic component
in the body and genu extending to the liver hilum
(Figure 2A). The mass measured 11 cm × 10 cm
in size with blood flow observed within the solid
component (Figure 2B). Diagnostic and therapeutic
needle aspiration was performed, revealing a turbid,
brown, thin liquid suggestive of old blood. Samples
were sent for cell count and differential, amylase,
cytology, microbiology and carcinoembryonic antigen
(CEA). A total of 1000 cc’s was aspirated from the
cystic component, significantly reducing the cystic
collection (Figure 2C). At the conclusion of the
EUS, no overtly hypoechoic areas suspicious for

INTRODUCTION
Pancreatic metastasis from osteosarcoma is an
uncommon condition, seen in the very late stages of the
disease. Metastatic lesions to the pancreas are usually
solid masses. We present a case of cystic pancreatic
metastasis in a patient with a history of osteogenic
sarcoma with known metastasis involving the left lower
lung lobe.

CASE REPORT
A 53-year-old female was referred to our hospital
with abdominal pain, fullness and early satiety. She
had been diagnosed with high-grade osteoblastic
osteogenic sarcoma, giant cell rich, of her left distal
femur four years earlier. She was treated with resection
of the tumor and multiple chemotherapy agents.
She developed several pulmonary metastases, with
attempts at resection one year prior to the presentation.
Two months prior to presentation she underwent a
left video-assisted thoracoscopic surgery with resection
of the lateral and posterior segment of the left lower
lung (Figure 1). The final pathology from that surgery
showed metastatic osteogenic sarcoma, giant cell rich,
6.5 cm in greatest dimension, invading the parietal
pleura, focally involving the inked surgical margins
(inferior pulmonary ligament).
She had been recovering well from that surgical
intervention when she was hospitalized with worsening
abdominal pain, nausea, vomiting, and early satiety at
an outside hospital. She was evaluated with computed
tomography (CT) of the abdomen and pelvis, which
showed a very large complex cystic mass anterior to
the pancreas measuring 19 cm × 6 cm. This appeared
significantly enlarged from a month prior where an
outside CT at that time showed an 11 cm × 3 cm
cystic pancreatic mass in the same location. The cystic
mass contained enhancing soft tissue components
posteriorly as well as solid components that appeared
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Figure 2 Endoscopic ultrasound imaging. A: showing a large pancreatic cystic mass in the head/genu of the pancreas; B: showing blood flow within solid
components of the pancreatic mass (blue Doppler flow); C: showing decompression of the pancreatic cystic lesion with residual solid component.

powered fields). When compared to the patient’s prior
lung resection for metastatic osteosarcoma, similar
morphology was observed. While the differential for
such findings also includes undifferentiated pancreatic
carcinoma with osteoclast-like giant cells (which are
negative for keratin markers 50% of the time), in light
of the patient’s oncologic history, this pancreatic cystic
tumor was deemed to be an osteosarcoma metastasis.

malignancy were identified, with an initial differential
diagnosis including solid pseudopapillary tumor vs
serous cystadenoma with large cystic component. A
pseudocyst was thought to be less likely due to the
lack of pancreatitis by history.
CT of the abdomen with and without contrast
agent was performed after her EUS, showing a
large multiloculated cystic mass extending from the
hepatic hilum into the pelvis replacing a majority of
the pancreatic parenchyma in the neck, body, and tail
(Figure 3). The edges of the mass appeared to abut
the liver at the gallbladder fossa as well as the right
and left lobes with portions of the duodenum also
encased by the mass. In addition, the distal portion of
the stomach appeared compressed by the mass with
resulting dilation in the fundus. The head and distal tail
of the pancreas appeared normal other than possible
minimal ductal dilation in the distal tail, and the bile
ducts appeared non-dilated (Figure 3).
Fluid analysis from her EUS guided fine needle
6
aspiration had a cell count with 3891 × 10 /L nucleated
6
cells and 23176 × 10 /L red blood cells. Cyst fluid
CEA was 2.4 ng/mL and amylase was 18160 U/L
suggesting against serous cystadenoma, pancreatic
neuroendocrine tumor, solid pseudopapillary neoplasm,
or mucinous cystadenoma. Cytology results confirmed
malignant cells with numerous multinucleated giant
cells, consistent with osteosarcoma metastasis to the
pancreas. The tumor was highly cellular and showed
frequent mitotic activity (17 mitoses per 10 high

WJG|www.wjgnet.com

DISCUSSION
Cystic pancreatic lesions may be classified into
inflammatory fluid collections, non-neoplastic cysts,
cystic neoplasms, and cystic degeneration of solid
tumors (Table 1). Inflammatory fluid collections, which
are not true epithelial cysts, can be subclassified into
acute peripancreatic fluid collections, pseudocysts,
acute necrotic collections, and walled-off pancreatic
[1]
necrosis, according to the revised Atlanta classification .
Non-neoplastic pancreatic cysts have no malignant
potential and include true cysts (benign epithelial cysts),
[2]
retention cysts, mucinous non-neoplastic cysts and
[3]
lymphoepithelial cysts . Pancreatic cystic neoplasms
include serous cystic tumor, most of which are serous
cystadenomas (SCA), mucinous cystic neoplasm (MCN),
intraductal papillary mucinous neoplasm (IPMN) and
[4]
solid pseudopapillary neoplasm (SPEN) . MCNs and
IPMNs are premalignant or malignant. SPENs are
thought to have low malignant potential and SCAs have
[5]
low or no malignant potential . Necrotic degeneration
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Figure 3 Post-contrast venous phase abdominal computed tomography. a: demonstrating a large (20 cm × 6 cm × 12 cm) abdominal mass with peripheral
rim enhancement as well as some areas of thickened nodular enhancement in the periphery. There is a wispy enhancing area of probable pancreatic tissue in the
posterior mid aspect of the mass in the expected location of the pancreatic neck, body and proximal tail. The portal splenic confluence and downstream SMV are
inseparable from the mass; B: The cystic mass abuts the liver at the gallbladder fossa, and surrounds the gallbladder (arrow); C: coronal reconstruction. Giant cysticpredominant mass (arrows) extends from the hepatic hilum, and surrounds the gallbladder.

Pancreatic lesions are increasingly diagnosed with the
use of radiologic examinations such as ultrasound, CT,
magnetic resonance and lately EUS, which carries the
benefit of needle aspiration via endosonographic guided
biopsy. Pancreatic metastases are uncommon, but
have been reported in malignancies originating in the
lung, gastrointestinal tract, breast, kidneys, as well as
in melanoma, lymphoma and sarcoma. Their incidence
ranges from 1.6% to 12% at autopsy of cancer patients
[7,8]
depending on the primary tumor location .
There are case reports of cystic metastasis to the
[9]
pancreas from pulmonary carcinoma , as well as Merkel
cell carcinoma, which is a primary neuroendocrine
[10]
carcinoma of the skin .
Regarding osteosarcoma, it most commonly meta
stasizes to the lungs, followed by skeleton, pleura,
heart and lymph nodes. Soft tissue or abdominal organ
metastases are extremely rare but can be seen in late
[11,12]
stages
. Calcification or ossification can be seen
[13]
within the lesion . There are few reports of pancreatic
metastases from osteosarcoma in the literature.
[14-18]
However, most of these are solid metastases
.
There is a case report of a cystic-solid mass on the
head of the pancreas with the diagnosis of metastatic
osteosarcoma in an 18 year old, which was confirmed
with endoscopic ultrasound-guided fine-needle
[19]
aspiration of necrotic debris . The pathophysiology of

Table 1 Classification of the most common cystic pancreatic
lesions
Cystic pancreatic lesions
Inflammatory fluid collections
Acute peripancreatic fluid collections
Pseudocysts
Acute necrotic collections
Walled-off pancreatic necrosis
Non-neoplastic cysts
True cysts (benign epithelial cysts)
Retention cysts
Mucinous non-neoplastic cysts
Lymphoepithelial cysts
Cystic neoplasms
Serous cystadenoma
Mucinous cystic neoplasm
Intraductal papillary mucinous neoplasm
Solid pseudopapillary neoplasm
Cystic degeneration of solid tumors
Neuroendocrine tumors
Ductal adenocarcinoma
Acinar cell carcinoma

of solid tumors can be seen with neuroendocrine
tumors, ductal adenocarcinomas, and acinar cell
carcinoma. Follow-up and treatment options are based
on the diagnostic criteria such as imaging findings and
[6]
pathology results of biopsy specimens .
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the cystic component of the metastasis of osteosarcoma
is unknown. Cystic, necrotic degeneration of the solid
metastasis or pancreatitis secondary to the metastasis
with development of associated fluid collection can be
considered. Our current case presentation is even more
unusual with a predominantly cystic osteosarcoma
metastasis to the pancreas without evidence of
calcification.
Pancreatic metastases from osteosarcoma, although
rare, may be seen more frequently with the continued
improvement in treatment and increasing survival of
patients with osteosarcoma. Furthermore, metastasis
should remain a differential consideration even for a
mostly cystic pancreatic mass in a patient with a known
primary malignancy.
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Term explanation

Cystic osteosarcoma metastasis to the pancreas is an unusual presentation of
a metastatic lesion of pancreas, which can be seen with the increasing survival
of patients with osteosarcoma.

14

Experiences and lessons

Pancreatic metastases from osteosarcoma, although rare, may be seen
more frequently with the continued improvement in treatment and increasing
survival of patients with osteosarcoma. Furthermore, metastasis should remain
a differential consideration even if a cystic component is present within a
pancreatic mass in a patient with known primary malignancy.
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This is a straight forward case report of a metastatic bone tumor to the
pancreas presenting as a cystic pancreatic mass lesion. The case raises
several interesting points and the images are adequate.
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Endoscopic ultrasonography-guided fine needle aspiration
(EUS-FNA) is a useful and relatively safe tool for the
diagnosis and staging of pancreatic cancer. However,
there have recently been several reports of tumor seeding
after EUS-FNA of adenocarcinomas. A 78-year-old man
was admitted to our hospital due to upper gastric pain.
Examinations revealed a 20 mm mass in the pancreatic
body, for which EUS-FNA was performed. The cytology
of the lesion was adenocarcinoma, and the stage of the
cancer was T3N0M0. The patient underwent surgery with
curative intent, followed by adjuvant chemotherapy with
S-1. An enlarging gastric submucosal tumor was found
on gastroscopy at 28 mo after surgery accompanied by a
rising level of CA19-9. Biopsy result was adenocarcinoma,
consistent with a pancreatic primary tumor. Tumor
seeding after EUS-FNA was strongly suspected. The
patient underwent surgical resection of the gastric
tumor with curative intent. The pathological result of
the resected gastric specimen was adenocarcinoma with
a perfectly matched mucin special stain result with the
previously resected pancreatic cancer. This is the first
case report of tumor seeding after EUS-FNA which was
surgically resected and inspected pathologically.
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Core tip: This manuscript is the first case report about
tumor seeding after endoscopic ultrasonographyguided fine needle aspiration (EUS-FNA) which was
surgically resected and inspected pathologically.
EUS-FNA is a widely performed procedure; however,
there are no clear guidelines indicating the selection
of treatments in cases of tumor seeding after the
procedure, as this adverse event is relatively rare.
This manuscript may help in the selection of patients
undergoing EUS-FNA, and clarifies the points we
should be careful about after the procedure.

Figure 1 Computed tomography showing a 20-mm mass lesion in the
pancreatic body (arrow).

Tomonari A, Katanuma A, Matsumori T, Yamazaki H, Sano I,
Minami R, Sen-yo M, Ikarashi S, Kin T, Yane K, Takahashi K,
Shinohara T, Maguchi H. Resected tumor seeding in stomach
wall due to endoscopic ultrasonography-guided fine needle
aspiration of pancreatic adenocarcinoma. World J Gastroenterol
2015; 21(27): 8458-8461 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i27/8458.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i27.8458

Figure 2 Endoscopic ultrasonography-guided fine needle aspiration of
the 20-mm hypoechoic mass lesion was performed using a 22-G needle.

INTRODUCTION
Endoscopic ultrasonography-guided fine needle
aspiration (EUS-FNA) is a useful and relatively safe
tool for the diagnosis and staging of pancreatic cancer.
The reported complication rates of EUS-FNA are low (<
[1]
1% in large centers ), and the risks of tumor seeding
[2,3]
are lower compared to transcutaneous methods .
However, there have recently been several reports
of tumor seeding after EUS-FNA of non-cystic solid
[4,5]
adenocarcinomas . The previously reported cases
were all diagnosed at unresectable stages when the
tumor seeding lesions were found. This is the first
case report of tumor seeding after EUS-FNA which was
surgically resected and inspected pathologically.

No metastatic disease was found and the patient
underwent surgery with curative intent.
There were no liver metastases, ascites, or
peritoneal implantation at surgery. An intra-operative
frozen section diagnosis of a lymph node around the
abdominal aorta was performed, which revealed to be
negative for metastasis. A 20-mm palpable mass was
identified, with evidence of inflammation in the distal
pancreas. Distal pancreatectomy and splenectomy
were performed. Histology of the specimen revealed a
25 mm × 25 mm mass with no lymphatic or vascular
involvement, and the resection margins were negative
for malignancy. There were no abnormalities in the
spleen. The final diagnosis was T3N0M0 with an
extension of moderately differentiated adenocarcinoma
beyond the pancreas in the ventral direction.
The patient underwent adjuvant chemotherapy
with S-1 starting at 2 mo after surgery. At 9 mo
after surgery, a periodical follow-up gastroscopy
performed at a private clinic revealed a 5-mm-diameter
submucosal tumor at the posterior wall of the gastric
body. The patient had no symptoms at that time. The
private clinician who had performed the exam made
the decision to follow the submucosal tumor, and
gastroscopy was repeated after 2 mo, which showed
no changes in the shape or the size of the submucosal
tumor. At 8 mo after surgery, CA19-9 level gradually
started to rise. Gastroscopy performed at 28 mo

CASE REPORT
A 78-year-old man with persistent upper gastric pain
was referred to our center for detailed examination.
Computed tomography (CT) revealed a 20-mmdiameter hypodense mass lesion in the pancreatic
body, with an upstream dilatation of the main
pancreatic duct (Figure 1). CA19-9 was abnormal with
a level of 162.4 kU/mL (normal range, 0-37.0 kU/mL).
At EUS, the patient had a 21-mm-diameter hypoechoic
mass in the pancreatic body. EUS-FNA of the mass
was performed using a 22-G needle (Expect, Boston
Scientific, Natick, MA) (Figure 2). Suction was applied
at each pass, and a total of two passes were made.
Cytology of the lesion revealed an adenocarcinoma.
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A

Figure 3 Submucosal tumor at the gastric body increased in size at 28 mo
after surgery.

B

Figure 4 Computed tomography shows the submucosal tumor located
adjacent to the pancreatic resection site.

after surgery revealed an increase in the size of the
submucosal tumor, and at this point, the patient was
referred to our center for further examinations (Figure
3). Histology of the lesion indicated adenocarcinoma,
consistent with a pancreatic primary tumor. CT showed
a 28-mm submucosal tumor adjacent to the pancreatic
resection site (Figure 4). There were no apparent
metastatic lesions, and the patient underwent surgery
with curative intent.
Subtotal gastrectomy was performed. Histology of
the specimen revealed a 32 mm × 30 mm submucosal
tumor, consisting of moderately to well differentiated
adenocarcinoma (Figure 5). The specimen was positive
for vascular and lymphatic involvement. Mucin special
stain results for the resected stomach specimen were
MUC1 positive, MUC2 negative, MUC5AC positive, and
MUC6 negative. Mucin special stains for the previously
resected specimen of the pancreas were additionally
performed. The results were MUC1 positive, MUC2
negative, MUC5AC positive, and MUC6 negative, which
were perfectly compatible with the resected stomach
lesion.

Figure 5 Resected specimen of the needle tract seeding in the stomach.
The tumor is 25 mm × 25 mm, with a whitish appearance (A). The tumor is
located in the submucosal layer (B). Hematoxylin and eosin staining.

occur by direct invasion, the resected specimen in
this case strongly suggests tumor seeding after EUSFNA due to the facts that its origin is submucosal,
and the mucin special stains were perfectly matched
to the original pancreatic cancer. There has been
a retrospective study which reported that there is
no association with an increased rate of gastric or
[6]
peritoneal cancer recurrence following EUS-FNA .
However, it is also true that there have been several
reports of tumor seeding after the procedure. This
may be due to the rate of tumor seeding after EUSFNA being so low that it is statistically difficult to
establish an association between the procedure and
the recurrence. Also, unresected recurrences are
difficult to distinguish between direct invasion and tract
seeding, and this may contribute to the fact that the

DISCUSSION
Although gastric recurrence of adenocarcinoma may
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Treatment

reported incidence rate of seeding is so low.
EUS-FNA is an important procedure usually per
formed pre-operatively to determine the indication
of surgical resection of the tumor. The reported inci
dences of tumor seeding are so low that the advantage
of performing EUS-FNA before surgery may not
outweigh the risk of needle tract seeding. However,
as the number of EUS-FNA is expected to continue to
increase, the possibility of post-procedural EUS-FNA
needle tract seeding should always be minded. In cases
when surgical resection will not include the needle tract
(e.g., resection of the tail/body of the pancreas), EUSFNA should be either avoided, or the number of needle
passes limited. When EUS-FNA is indispensable for the
diagnosis and treatment of the disease, excision of the
needle tract path may be necessary for consideration.
When this is not possible, close periodical examinations
including gastroscopy should be scheduled for patients
who undergo EUS-FNA without needle tract resection.

2

COMMENTS
COMMENTS

3

Subtotal gastrectomy was performed, and mucin special stain results for the
resected stomach specimen were perfectly compatible with the previously
resected pancreatic adenocarcinoma.

Experiences and lessons

When EUS-FNA is indispensable for the diagnosis and treatment of the disease,
excision of the needle tract path may be necessary for consideration. When this
is not possible, close periodical examinations including gastroscopy should be
scheduled for patients who undergo EUS-FNA without needle tract resection.
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This is a rare case of tumor recurrence of a pancreatic adenocarcinoma as
seeding after EUS-FNA, treated surgically and inspected pathologically.
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Endoscopic mucosal resection (EMR) allows the removal
of flat or sessile lesions, laterally spreading tumors,
and carcinoma of the colon or the rectum limited
to the mucosa or the superficial submucosa. Acute
appendicitis is the most common abdominal emergency
requiring emergency surgery, and it is also a rare
complication of diagnostic colonoscopy and therapeutic
endoscopy, including EMR. In the case presented here,
a 53-year-old female underwent colonoscopy due to
a positive fecal occult blood test and was diagnosed
with cecal adenoma. She was referred to our hospital
and admitted for treatment. The patient had no other
symptoms. EMR was performed, and 7 h after the
surgery, the patient experienced right -lower abdominal
pain. Laboratory tests performed the following day
3
revealed a WBC count of 16000/mm , a neutrophil
3
count of 14144/mm , and a C-reactive protein level
of 2.20 mg/dL, indicating an inflammatory response.
Computed tomography also revealed appendiceal
wall thickening and swelling, so acute appendicitis
following EMR was diagnosed. Antibiotics were initiated
leading to total resolution of the symptoms, and the
patient was discharged on the sixth post-operative
day. Pathological analysis revealed a high-grade cecal
tubular adenoma. Such acute appendicitis following
EMR is extremely rare, and EMR of the cecum may be
a rare cause of acute appendicitis.
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a large IIa LST (granular -type) was found adjacent
to the orifice of appendix (Figure 1). The size of the
lesion was 20 mm × 12 mm × 2 mm. There was no
post-procedural bleeding. Pathological examination
revealed a high-grade tubular adenoma. The patient
was asymptomatic until developing mild rightlower abdominal pain 7 h after the EMR. At 20 h
post-EMR, she had low-grade fever and localized
rebound tenderness was present at McBurney’s point.
3
Laboratory tests revealed a WBC count of 16000/mm ,
3
a neutrophil count of 14144/mm , and a CRP level
of 2.20 mg/dL, indicating an inflammatory response.
Intravenous antibiotics (fosfomycin sodium, 4 g/d)
were initiated, and on the third postoperative day, the
inflammation decreased, and the symptoms markedly
improved. Abdominal and pelvic computed tomography
(CT) revealed appendiceal wall thickening and swelling
(Figures 2a and 2b), leading to a diagnosis of acute
appendicitis following EMR.
Oral intake was resumed on the fifth postoperative
day, and the patient was discharged the following
day. She has remained well and symptom free since
discharge.

Core tip: We report a case of a 53-year-old female who
underwent colonoscopy and was diagnosed with cecal
adenoma. Endoscopic mucosal resection (EMR) was
performed, and she experienced right-lower abdominal
pain 7 h post surgery. The following day, laboratory
3
tests revealed a neutrophil count of 14144/mm , and
a C-reactive protein level of 2.20 mg/dL. Computed
tomography also revealed appendiceal wall thickening
and swelling, so acute appendicitis following EMR was
diagnosed. Antibiotics were initiated leading to total
symptom resolution, and the patient was discharged
on the sixth post-operative day. Acute appendicitis
following EMR is rare, and cecal EMR may be a rare
cause of acute appendicitis.
Nemoto Y, Tokuhisa J, Shimada N, Gomi T, Maetani I. Acute
appendicitis following endoscopic mucosal resection of cecal
adenoma. World J Gastroenterol 2015; 21(27): 8462-8466
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i27/8462.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i27.8462

INTRODUCTION

DISCUSSION

Endoscopic mucosal resection (EMR), which involves
snare resection of dysplastic lesions, is an endoscopic
alternative to surgical resection of mucosal and
submucosal neoplastic lesions and intra-mucosal
cancers. Complications of EMR, including bleeding and
perforation, have been reported. Appendicitis is one
of the most common causes of acute abdomen and
one of the most frequent indications for emergency
[1,2]
abdominal surgery worldwide . Appendicitis is also
a rare complication of diagnostic colonoscopy and
[3-7]
therapeutic endoscopic procedures, including EMR .
Here, we report a case of acute appendicitis following
EMR of a cecal adenoma.

Acute appendicitis is the most frequent cause of
[1]
acute abdominal emergencies . Although the precise
pathogenic mechanism is unknown, potential causes
include one or more of the following: bacterial
infection, viral infection, a foreign body, an allergic
reaction, and circulatory disease (ischemia). Blockage
or stenosis of the appendiceal lumen is observed in
most cases of acute appendicitis, which may be caused
by foreign bodies, including food residue, fecal matter,
mucous membrane epithelial hyperplasia, follicular
[2]
hyperplasia, adenoma, and adenocarcinoma .
Acute appendicitis caused by neighboring inflam
matory conditions, including enteritis, and diverticulitis,
is known as non-obstructive appendicitis and is
managed conservatively. Non-obstructive appendicitis
may be diagnosed bases on the extent and degree of
[8]
abnormal findings in the neighboring intestinal tract .
In particular, multi-detector CT has a sensitivity of
98.5% and a specificity of 98% for detecting acute
[9]
appendicitis .
Physical examination is crucial in the diagnosis
of acute appendicitis, and emergency surgery is
considered as the standard treatment. However, the
treatment of acute appendicitis has diversified due to
advances in imaging and antibiotics and increasing
use of laparoscopic surgery. As a result, non-operative
therapy, delayed appendectomy, and interval
appendectomy have all become widely accepted for
[1]
patients with non-perforated appendicitis .
Colorectal adenomas represent the single most
important premalignant lesion of the gastrointestinal
tract worldwide, and large (> 20-mm) colorectal
polyps have been found in 0.8%-5.2% of patients

Case report
A 53-year-old female underwent colonoscopy following
a positive fecal occult blood test, and a 15-mm cecal
laterally spreading tumor (LST) was detected. The
patient was then referred to our hospital and admitted
for treatment of the cecal adenoma. She had no
previous abdominal surgery and no history of smoking
or alcohol consumption. Laboratory analysis revealed
3
7100 leukocytes/mm , and a C-reactive protein (CRP)
level of 0.01 mg/dL. Other parameters were also
within normal limits.
On examination, the patient had a heart rate of
77 beats/min, a blood pressure of 110/62 mmHg,
2
a temperature of 36.6 ℃, and a BMI of 18.0 kg/m .
There was no abdominal pain, and her bowel sounds
were normal on abdominal examination. Additionally,
plain abdominal radiology demonstrated normal gas.
The patient underwent colonoscopy for EMR, and
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A

B

C

D

Figure 1 Endoscopic views. a: A large IIa lesion [laterally spreading tumor (LST) of the granular type, or LST-G lesion located in the cecum. The tumor was
estimated to be 15 -mm in diameter; b: After an injection of glycerol into the submucosal layer, the tumor nearly obstructed the orifice of the appendix; c: Ulcer
appearance after successful endoscopic mucosal resection, without any complications; d: The ulcer was sutured using two clips, and the appendiceal orifice was
avoided.

A

B

Figure 2 Abdominal contrast-enhanced computed tomography showing appendiceal wall thickening and swelling. a: Axial section; b: Sagittal section.
[10]

undergoing colonoscopy for different indications . In
general, when candidate polyps for colorectal EMR are
smaller than 20-mm in size, EMR techniques achieve
satisfactory rates of en bloc and complete resection.
Currently, however, there are no uniformly accepted
infection prevention techniques or electrocautery
[11]
settings .
It is possible that more than one mechanism
contributes to the inflammatory process, triggered by
[12]
either the preparation and or the procedure itself . In
our case, colonoscopy was initially performed. Acute
appendicitis following colonoscopy is thought to be
caused by increased intra luminal pressure due to over-

WJG|www.wjgnet.com

inflation with air and by secondary obstruction of the
appendiceal orifice due to inflammation of intestinal
[6]
contents, including fecaliths and fecal matter .
However, regardless of whether post-colonoscopy
appendicitis represents an incidental finding or a true
complication of colonoscopy, it is important to consider
acute appendicitis as a differential diagnosis of the
[7]
acute abdomen after colonoscopy .
Glycerol was then injected into the submucosal
layer. Submucosal injection, which elevates the mucosa
to be resected and protects the muscularis propria
from injury, is believed to reduce thermal injury as well
[13]
as the risk of perforation and hemorrhage . Although
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glycerol is not thought to cause tissue damage , one
study reported that submucosal injection may be due
[15]
to a misdirected injection outside the bowel wall .
In the case described here, the LST was cut using
a snare and coagulative diathermy. Post-polypectomy
coagulation syndrome (PPCS), also known as postpolypectomy syndrome or transmural burn syndrome,
refers to the development of abdominal pain, fever,
leukocytosis, and peritoneal inflammation in the
absence of frank perforation following colonoscopic
[16-25]
polypectomy with electrocoagulation
. Recognition
of PPCS is important to avoid unnecessary exploratory
laparotomy because the syndrome has been shown to
resolve with conservative treatment in most patients.
The EMR ulcer was sutured with two clips in the
current case. Recently, it was reported that prophy
lactic clipping of the resection sites after EMR of an LST
using low-power coagulation current reduced the risk
[26]
of delayed postpolypectomy hemorrhage . Trauma or
physical irritation of the resection site during clipping is
thought to be a causative factor.
In our patient, submucosal glycerol injection and
electrocoagulation seemed to cause a greater degree
of appendicitis than in previously reported cases. As
the location of the LST was adjacent to the appendiceal
orifice, it led to obstruction of the appendiceal lumen.
Theoretically, submucosal injection may reduce
[27]
the risk of PPCS , and we also made a deliberate
attempt to approach the injection site in a tangential
fashion to avoid administering the injection outside
the bowel wall. PPCS develops when the electrical
current applied during colonoscopic polypectomy
extends past the mucosa into the muscularis propria
and serosa, resulting in a transmural burn, without
[20-25]
perforation
. In previous reports, the median
durations of therapeutic fasting, hospitalization, and
[27]
antibiotic use were 3, 5.5, and 7 days, respectively ,
whereas our patient had a shorter course.
Two cases of acute appendicitis after EMR have
[6]
been reported . Similar to the present case, these
cases involved EMR of a cecal adenoma adjacent to
the appendiceal orifice. One patient (without clipping)
had a severe inflammatory reaction after EMR, and the
other patient (with clipping) had a mild inflammatory
reaction. Considering those cases along with ours,
clipping does not appear to influence appendicitis.
However, it might be useful to avoid clipping of the
appendiceal orifice to prevent appendicitis when
lesions scheduled for EMR are in close proximity to the
appendix. Additionally, the clinical courses of the two
previously reported cases of post-EMR appendicitis
were similar to those observed in PPCS, so the
adenoma location is a likely risk factor for appendicitis
after EMR. Furthermore, submucosal injection may
obstruct the appendiceal orifice and PPCS may
lead to appendiceal edema. Prophylactic antibiotic
administration prior to the treatment of an appendiceal
LST may be effective in preventing appendicitis, and
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prompt diagnosis of appendicitis following EMR can
facilitate medical treatment, without the need for
surgical intervention.
Here, we reported a case of acute appendicitis
following EMR of a cecal LST, which was successfully
treated with antibiotics. Cecal EMR may thus be a rare
cause of acute appendicitis.
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Case characteristics

A 53-year-old female presented with right-lower abdominal pain 7 h after
endoscopic mucosal resection of a cecal adenoma.

Clinical diagnosis
Acute appendicitis.

Differential diagnosis

Post-polypectomy coagulation syndrome, thermal injury, bleeding, perforation,
peritonitis.

Laboratory diagnosis

The patient had elevated hematological values, including a neutrophil count of
14144/mm3 and a C-reactive protein level of 2.20 mg/dL.

Imaging diagnosis

Competed tomography showed appendiceal wall thickening and swelling.

Pathological diagnosis

Pathological analysis showed a high-grade cecal tubular adenoma.

Treatment

Antibiotics were initiated leading to total resolution of the symptoms.

Related reports

Two cases of acute appendicitis following endoscopic mucosal resection (EMR)
have been reported.

Term explanation

Acute appendicitis is the most common abdominal emergency and is also a
rare complication of diagnostic colonoscopy and therapeutic endoscopy.

Experiences and lessons

This case report presents the clinical characteristics of acute appendicitis
following EMR. Prompt diagnosis of appendicitis following EMR can facilitate
medical treatment, without the need for surgical intervention.

Peer-review

The authors have described acute appendicitis following EMR. The article
highlights the clinical characteristics of acute appendicitis following EMR and
suggests that EMR of the cecum may be a rare cause of acute appendicitis.
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CASE REPORT

Primary intestinal lymphangiectasia with generalized warts
Soon Jae Lee, Hyun Joo Song, Sun-Jin Boo, Soo-Young Na, Heung Up Kim, Chang Lim Hyun

Abstract

Soon Jae Lee, Hyun Joo Song, Sun-Jin Boo, Soo-Young Na,
Heung Up Kim, Department of Internal Medicine, Jeju National
University School of Medicine, Jeju 690-767, South Korea

Primary intestinal lymphangiectasia (PIL) is a rare
protein-losing enteropathy with lymphatic leakage
into the small intestine. Dilated lymphatics in the
small intestinal wall and mesentery are observed
in this disease. Laboratory tests of PIL patients
revealed hypoalbuminemia, lymphocytopenia,
hypogammaglobulinemia and increased stool α-1
antitrypsin clearance. Cell-mediated immunodeficiency
is also present in PIL patients because of loss of
lymphocytes. As a result, the patients are vulnerable
to chronic viral infection and lymphoma. However,
cases of PIL with chronic viral infection, such as human
papilloma virus-induced warts, are rarely reported. We
report a rare case of PIL with generalized warts in a
36-year-old male patient. PIL was diagnosed by capsule
endoscopy and colonoscopic biopsy with histological
tissue confirmation. Generalized warts were observed
on the head, chest, abdomen, back, anus, and upper
and lower extremities, including the hands and feet of
the patient.
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Core tip: Primary intestinal lymphangiectasia (pIL) patients
are associated with cell-mediated immunodeficiency.
Therefore, pIL patients are vulnerable to viral infection.
However, pIL with warts caused by human papilloma virus
is very rare. We report a rare case of pIL with generalized
warts.
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A

INTRODUCTION
Primary intestinal lymphangiectasia (PIL) is a rare
congenital disorder, characterized by dilated intestinal
lymphatics resulting in lymph leakage and protein[1]
losing enteropathy . As a result, hypoalbuminemia,
lymphopenia, and hypogammaglobulinemia are
[2]
observed in PIL patients . Clinical manifestations of
PIL, including edema, diarrhea and ascites, present at
a young age. Most patients are diagnosed in childhood,
but some cases are diagnosed as adolescents or
adults. However, the diagnosis of this disease is
difficult and rare, the etiology and prevalence are
unclear. PIL patients are associated with cell-mediated
immunodeficiency caused by loss of lymphocytes,
+
especially CD4 T cells. Therefore, PIL patients are
vulnerable to viral infection or neoplasms, such as
[3]
lymphomas . PIL associated with generalized warts is
very rarely reported. We report a rare case of PIL with
generalized warts.

B

CASE REPORT

Figure 1 Photographs of the trunk (A) and both hands (B) of the patient,
demonstrating generalized cutaneous viral warts distributed on variable
regions.

A 36-year-old man was admitted to the hospital
with a 3-mo history of diarrhea and weight loss (5
kg). He had generalized warts over his entire body,
including both hands and feet, with an initial onset at
age 10. He was treated for pulmonary tuberculosis
in early adolescence. He had no recurrent pulmonary
tuberculosis or other organism-induced infections. He
had no specific family history. He was a social drinker
and a 15 pack per year smoker. Height was 164.9 cm,
2
body weight 49.1 kg, and body mass index 18 kg/m .
Physical examination of the head, chest and abdomen
was normal except for generalized warts and both
pretibial pitting edema. The warts were distributed on
the head, chest, abdomen, back, anus, and upper and
lower extremities, including the hands and feet (Figure
1).
Result of a complete blood count showed normal
3
white blood cell count of 6800/mm , with a differential
count of 62.3% neutrophils (normal range, 50%-70%),
and decreased lymphocytes (12.4%, normal range,
20%-44%). Hemoglobin was 13.9 g/dL with normal
hematocrit (39.8%) and platelet count at 198000/
3
mm . Other laboratory tests showed low serum
total protein level (4.5 g/dL) with hypoalbuminemia
(albumin, 2.3 g/dL). There was no evidence of
proteinuria on urinalysis. Liver and renal function
tests were normal. Flow cytometry of peripheral
+
blood lymphocytes revealed a decrease in CD4 T cell
+
rate (24.4%), normal CD8 T cell rate (31.2%) and
+
normal CD3 T cell count (54.7%, normal: 49%-80%).
Quantitative serum immunoglobulins showed an IgG

of 653.4 mg/dL (normal range, 700-1600 mg/dL), IgA
of 229.8 (normal range, 70-400 mg/dL) and an IgM
of 64.2 mg/dL (normal range, 40-230 mg/dL). HIV,
HBV, HCV serologies were negative. Stool collection
test (24-h) revealed increased stool α-1 antitrypsin
clearance (220.11 mL/24 h, normal range, 15 ± 3
mL/24 h).
Abdominopelvic computerized tomography
showed diffuse mucosal thickening and enhancement
throughout the small bowel, with multiple lymph
nodes in the left gastric, portahepatis, portocaval and
mesenteric areas (Figure 2). Upper gastrointestinal
endoscopy showed diffuse mucosal edema in the
duodenum. Colonoscopy revealed white mucosal
plaques and spots in the terminal ileum and diffuse
mucosal edema of the colon (Figure 3). Capsule
endoscopy showed diffuse multifocal white mucosal
plaques from the proximal jejunum to the terminal
ileum (Figure 4). On histological examination of the
terminal biopsy specimens, an HE stain showed dilated
lymphatic vessels with many foamy macrophages in
the lamina propria, consistent with lymphangiectasia.
CD34 staining showed normal vascular endothelial
cells. D2-40 stained endothelial cells were also
observed, which indicated dilated lymphatics. Also
observed were CD-68 stained macrophages, which
aggregated to uptake lipids leaking from dilated
lymphatics (Figure 5).
The patient was ultimately diagnosed with PIL,
and the warts were associated with T-cell mediated
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Figure 4 Capsule endoscopic finding. The image shows diffuse multifocal
white mucosal plaques from the proximal jejunum to the terminal ileum, which
is compatible with intestinal lymphangiectasia.

The regulatory molecules lymphatic vessel endothelial
hyaluronan receptor 1 and vascular endothelial
growth factor receptor 3 are associated with intestinal
[4]
[5]
lymphangiectasia . Oh et al suggested depletion
of 4q25 is associated with lymphangiectasia.
However, the relationship between gene mutation and
lymphangiectasia is unclear.
Secondary IL is an acquired form, by obstructed
lymphatic flow, which is induced by other factors.
Neoplasms (lymphoma), infections (Whipple disease,
parasite infection, intestinal tuberculosis), inflammation
(Crohn’s disease, systemic lupus erythematosus),
bowel obstruction, fibrosis of drainage tracts (sclerosing
mesenteritis, retroperitoneal fibrosis, post-radiation
fibrosis), hepatic cirrhosis, constrictive pericarditis,
and abdominal surgery can be causes of secondary
[6-9]
IL . Our patient was diagnosed with PIL because
his symptoms arose at an early age and showed no
evidence of secondary IL.
Stool collection test for 24-h was used to measure
stool α-1 antitrypsin clearance to prove protein-losing
enteropathy. Alpha-1 antitrypsin is an intrinsic protein,
and has a similar molecular weight to albumin. It
has characteristics of negative reabsorption from
the intestine and negative secretion into the bowel.
The 24-h stool collection test in our patient revealed
increased stool α-1 antitrypsin clearance. As a cause
of hypoalbuminemia and hypogammaglobulinemia,
there was no evidence of increased protein catabolism
status, such as infection, and lack of proteinuria in
urinalysis, which suggested protein-losing enteropathy.
Loss of lymphatic fluid-containing lymphocytes
in the intestine is a specific finding of intestinal
lymphangiectasia, which is not found in other proteinlosing enteropathies. Although B-lymphocytes, natural
+
killer cells and CD8 T cells may decrease in the disease,
+
[10]
loss of CD4 T cells is observed predominantly .
Humoral and cellular immunodeficiency can arise in
lymphopenia; however, lack of recurrent infections was
[3]
observed in the PIL patients. Lynn et al reported that
+
while naïve CD4 T cells were decreased, memory and
+
effector CD4 T cells were preserved in PIL patients,

Figure 2 Abdominopelvic computerized tomography showing diffuse
mucosal thickening and enhancement throughout the small bowel.

Figure 3 Colonoscopic finding. Image shows white mucosal plaques and
spots in the terminal ileum.

immunological abnormalities. A low-fat/high protein
diet was started to decrease lymphatic pressure and
blockade. Medium chain triglycerides (MCTs) are
directly absorbed into the blood stream; therefore,
he was also prescribed an MCTs diet. After the dietary
treatment diet, diarrhea was diminished by degrees
and improved a week later.

DISCUSSION
Intestinal lymphangiectasia (IL) is a rare disease,
characterized by an abnormal lymphatic system
of small intestinal wall and mesentery inducing
leakage of lymphocytes and protein loss into the
gastrointestinal tract. IL can be classified as primary
and secondary IL by cause. PIL is a congenital
abnormality of the lymphatic system. Some studies
reported genetic factors associated with the hereditary
lymphatic disease, and other studies reported
regulatory signals involved in lymphangiogenesis.
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Figure 5 Histological examination of the terminal biopsy specimens. A: Hematoxylin and eosin stain (magnification × 100) showing dilated lymphatic vessels
with many foamy macrophages in the lamina propria consistent with lymphangiectasia; B: CD34 stain showing normal vascular endothelial cells; C: D2-40 stained
endothelial cells (red arrows), indicating dilated lymphatics; D: CD68-stained macrophages, which have aggregated to uptake lipids leaking from dilated lymphatics.

which suggested that preserving T cells carry out the
role of preventing infections. Chronic viral infections
and neoplasms, such as lymphoma, may occur in
[11]
patients with cell-mediated immunodeficiency . PIL
accompanied with viral infections and/or lymphoma
has been reported in some cases. However, PIL with
warts caused by human papilloma virus is very rare. To
the best of our knowledge, PIL with generalized warts
has been reported in only six patients in five reports.
Four patients had supervening lymphoma, and all six
patients had PIL with warts. The characteristics of the
[3,11-14]
five case reports are summarized in table 1
.
Diagnosis of PIL is not easy, because abnormal
lymphatic lesions are usually distributed in the small
intestine. Detection of lesions by upper gastroscopy and
colonoscopy is limited, and radiological examinations
cannot confirm the diagnosis. As a result, double
balloon enteroscopy or surgical methods are used
for pathological examination in some cases. Double
balloon enteroscopy can be used to perform a biopsy,
and also reported much higher diagnosis rate than
[15]
capsule endoscopy . In our patient, the abnormal
state of the small intestine tissues was determined in
the terminal ileum by colonoscopic biopsy. Therefore,
we performed capsule endoscopy to observe the entire
small intestinal mucosa. Although capsule endoscopy
cannot be used to obtain a biopsy, it is very useful and
is a relatively easy, comfortable method to examine
[16]
mucosal changes in the small intestine . In our
patient, capsule endoscopy showed multiple whitish
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spots, thickened villi and edematous mucosa of the
small intestine. These endoscopic findings showed
typical mucosal lesions of PIL.
Dietary treatment is the first method recommended
to treat PIL. There is no curable and standard treatment
of PIL. Lipid elements in foods increase lymphatic
pressure and, as a result, cause lymphatic leakage
into the intestinal lumen. To lower the lymphatic
pressure and ease the blockage, a low-fat/high-protein
diet is prescribed to PIL patients. MCTs are directly
absorbed into the bloodstream, resulting in a bypass
of the lymphatic system. They are secreted into the
portal systems, directly. MCTs decrease lymphatic
[17]
pressure and protein loss into the intestine . The
use of octreotide for treatment of lymphangiectasia
[18]
was reported in some cases . It decreases intestinal
blood flow and triglyceride absorption. Consequently, it
reduces lymphatic pressure, thereby reducing the loss
of protein and lymphatic fluid. However, symptoms of
lymphangiectasia can relapse after the interruption of
an agent, which is a limitation of octreotide treatment.
Corticosteroid and antiplasmin may be prescribed
in some cases, but their efficacies are variable
[19,20]
and insufficient
. Octreotide, antiplasmin, and
corticosteroid therapies can be used as an optional
treatment in patients with no response after the
dietary approach. Our patient improved after dietary
treatment and intravenous nutrition, thus other
treatment options were not considered.
To summarize, PIL patients are vulnerable to
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Table 1 Six case reports of primary intestinal lymphangiectasia with warts
Ref.

Sex

Age at diagnosis of PIL

Accompanied disease

Treatment for PIL

Ross et al[12], 1971

M

30

NA

Ward et al[13], 1977

M

29

Lymphoma

Gumà et al[14], 1998
Bouhnik et al[11], 2000 (2 cases)

F
F
F
M
M

34
11
58
55
36

Lymphoma
Lymphoma
Lymphoma
NA
No accompanying disease

Dietary therapy
Diuretics
Steroid
Dietary therapy
Diuretics
Dietary therapy
Dietary therapy
NA
Dietary therapy, octreotide
Dietary therapy

Lynn et al[3], 2004
Present case

PIL: Primary intestinal lymphangiectasia; NA: Not available.
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chronic viral infection and lymphoma. Cell-mediated
immunodeficiency is present in PIL patients because of
loss of lymphocytes. Many cases of PIL patients have
been reported, but patients with PIL and generalized
warts are rare. We report a rare case of PIL with
generalized warts.

This is an interesting case report with a very good theoretical presentation of
the underlying disease. It is well written and well presented.
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Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest

VI

Qatar
Abdulbari Bener, Doha
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Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
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Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara

VII

Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok
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Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
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Gastrointestinal cancers in the era of theranostics: Updates
and future perspectives
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therapeutics. In this editorial, we are presenting briefly the
concept and evolution of theranostics, highlighting many
applications of theranostics in daily practice and discussing
future perspectives and aspects of this model in gastrointestincal cancers.
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Core tip: This editorial presents briefly the concept
and evolution of theranostics. It describes the actual
use of this treatment modality in gastrointestinal (GI)
cancer going from the success story of theranostics
in pancreatic neuroendocrine tumors to the promising
results in gastric and colon cancer. Future perspectives
of theranostics in GI cancers in nanotechnology and
biomarkers fields are also reported in the end of this
editorial.
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THERANOSTICS: CONCEPT AND
EVOLUTION
The Edwin Smith papyrus, dating back to 3000 B.C.,
describes cancer as an entity that is beyond the
[1]
reach of any cure . Science has taken us through
immeasurable lengths since that categorical statement
was drafted. Our present day has witnessed an era
of unprecedented advancement in the field of cancer
therapeutics.

Abstract
Theranostics are one of the practical aspects of per
sonalized medicine. This concept was designed to describe
a material combining diagnosis, treatment and follow up
of a disease. It evolved and included molecular targeting
and nanotechnologies that incorporate both diagnosis and
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The dawn of the twentieth century saw the
“unintentional” birth of personalized medicine when
Beatson first started using oophorectomy as a
[2]
treatment for breast cancer . Since then, bringing
about a true state of precision cancer care, in every
sense of the word, has become the holy grail of modern
physicians and researchers. The term “theranostics”
is simply a by-product of the pharmaceutical industry,
in its effort to establish diagnostic tests that also
possess the ability to affect the treatment of a certain
[3]
cancer . Effectively, the need for validated predictive
biomarkers was essential in order to transform cancer
care into a precise, patient-centred science, in contrast
to a crude, reactive, population-based, one size fits
all discipline. HER-2 over-expression by breast cancer
cells is perhaps the example that portrays a predictive
biomarker the best, especially since the approval
of Trastuzumab in 1998 drastically changed the
[4,5]
treatment paradigm for patients with breast cancer .
No less can be said about BRAF V600E mutations
in melanoma, KRAS/NRAS mutations in colorectal
carcinoma, EGFR mutations, ALK gene rearrangement
and most recently ROS-1 mutations in Non-Small Cell
Lung Carcinoma and many other validated biomarkers
with palpable results in different areas of clinical
[6-9]
oncology .
While the definition of theranostics certainly
applies to predictive biomarkers commonly used in
clinical practice, it is still an evolving concept that
encompasses many facades for managing malignant
disease. Present and near-future perspectives are
looking into theranostic nano-medicine as a tool for
achieving a more refined personal medicine, better
tailored to the need of each and every patient. This
emerging concept would have us probe deeper into
the realm of nanoparticles (NP), synthetic materials
with dimensions ranging from tens to hundreds of
nanometers, which have gained increasing popularity
in the past decade for their efficacy in drug delivery
with reduced systemic toxicity, such is the case of
albumin bound paclitaxel nanoparticles (Abraxane
® [10]
) . In contrast, some experimental models of these
NP, considered “smart” NP, have no clinical application
beyond animal models to date, but the results
envisioned are well within grasp for implementation
in current practice. “Activatable” NP would respond
to changes in the microenvironment to exert their
therapeutic or diagnostic mechanism. Therefore, NP
could be selective for a certain tumor environment,
such as acidic pH resulting from tumor hypoxia
and consequent lactic acid production, in order to
[11]
subsequently release their content . Other forms
of NP would use protease that are known to be upregulated by tumor or irradiation with a predetermined
[12,13]
wavelength of light to trigger them into action
.
This creates an opening for the perfection of multi
functional NP with both diagnostic and therapeutic
applications simultaneously.
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Theranostic NP and their impact on clinical oncology
will certainly keep moving forward in the coming
years as the need for less invasive and more specific
therapeutic alternatives is growing. Our current
ambition is aimed at securing NP that would identify
the malignant clone and treat it through optimal drug
delivery. However, a more futuristic ambition would be
to create what is referred to as “nanobots”, as these
“artificial cells” would continuously circulate in the
host’s system and activate theranositcs at the earliest
disease state.

THERANOSTICS IN GASTROINTESTINAL
CANCERS
The success of radiolabeled Somatostatine analogs in
the diagnosis and the treatment of gastrointestinal (GI)
and pancreatic neuroendocrine tumors widely opened
the doors for more trials and protocols based on the
Theranostic concept in GI tumors.

Success story: Theranostics in GI and pancreatic
neuroendocrine tumors

Neuroendocrine tumors originate from different
neuroendocrine cells distributed in the human
organism; these cells contain granules secreting
[14]
amines and peptides . The most frequent sites
of these tumors are gastro-intestinal and bronco[15]
pulmonary tracts . NETs are usually considered with
favorable prognosis with a five-year survival reaching
[16]
the 80% . NETs have many specific and particular
characteristics including the presence of peptide
receptors and transporters at the cell membrane and
the neuroamine uptake mechanisms, which lead to the
clinical implication of specific radiolabeled ligands for
imaging and therapy in these tumors. Somatostatine
receptors are expressed in a high percentage of NETs
and they became the ideal entity to be targeted in
these tumors. Somatostatine targeting has gained
much diagnostic and therapeutic value in NET tumors,
becoming a model in GI theranostics.
Somatostatine receptor imaging is based on the
use of PET or SPECT (scintigraphy) as whole-body
techniques; many tracers are included in the panel
used for imaging with different degrees of sensitivity
and specificity. Octreosan using In-pentetetroide was
considered for many years as the gold standard but,
presently, new, more reliable tracers exhibit better
performance in visualizing NET tumors. Besides the
imaging utility, combining somatostatine analogues
with therapeutic beta emitters (lutetuin-177 and
yttrium-90) is considered an efficient therapeutic
option for patient with metastasized and unresectable
NETs. Targeting the same marker in imaging and
therapeutic in NET, the somatostatine receptors, was
considered the first success in the era of theranostics
[17]
in GI tumors .
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higher dose of antitumor agents with less toxicities
and a higher penetrance to malignant tissue with more
specificity.

Table 1 Approved molecular theranostics and nanoparticles
in gastrointestinal cancers
Molecular
theranostics
Gastric cancer

Colon cancer

Pancreas
cancer

Nanoparticles

Gastro-esophageal cancer

Many combinations based on nanoparticles are being
investigated in gastro-esophageal cancer; some
nanoplatforms are targeting metaplasia, the precursor
[20]
of gastric and esophageal adenocarcinoma . The
type of nanoparticles studied in theranostics of gastro[21]
esophageal cancer are polypeptide NP , magnetic NP
[22]
[23]
of iron , triblock copolymer NP . All these NP are
not included in clinical trial or for commercial use.

Her2neu

Polypeptide NP
Magnetic NP of iron
Triblock copolymer NP
KRAS
Polymeric nanosphere Micelle particles
Metal semi-conductor NP
Gold NP
Somatostatine
Iron oxide NP
Gold coated iron oxide NP
receptors1

1

PNET. NP: Nanoparticles.

Pancreatic cancer

Her2neu in gastric cancer and KRAS in colon cancer

Pancreatic cancers are known to have one of the
poorest prognosis in GI cancers. Treatment of this
cancer is limited by resistance of cancer cells to
chemotherapy and impaired drug penetration due to
the dense stroma formed around the tumor. Nano-sized
cytotoxic agents have showed increased drug efficacy,
a concrete example is approval of nab-paclitaxel as a
[24]
therapeutic option in metastatic pancreatic cancer .
Different categories of nanoparticles are being
investigated in pancreatic cancer; Iron oxide is one of
the subtypes with the most promising results in this
[25]
type of cancer . Many studies are evaluating the
different modalities of use of iron oxide nanoparticules
as theranostics agents: Iron oxide nanoparticules as
[26]
vehicule of chemotherapy
or gold coated iron oxide
[27]
nanoparticules . All these studies showed a promising
potential of iron oxide nanothenostics in pancreatic
cancer. More investigations should be carried out to
optimize in order to optimize the parameters and to
understand the detailed mechanisms of action of these
nanoparticles.
The national cancer institute alliance for nanotech
nology in cancer launched a new project to develop
a multifunctional theranostic nanoparticle platform
that combines demonstrated imaging capability and
receptor specificity of the nanoparticles with novel
designs for tumor-targeted drug delivery in pancreatic
[28]
cancer . Rapid diagnosis and treatment using iron
oxide theranostics may change the prognosis of
pancreatic cancer in the next decade.

In GI cancers, only two molecular mutations are
approved as predictive therapeutic targets in daily
practice. The Her2neu is a positive predictive factor
in advanced gastric cancer and KRAS is a negative
predictive factor in metastatic colon cancer.
The overexpression of Her2neu in advanced gastric
and gastro-esophageal junction cancer is considered
a positive predictive factor to the response to Tras
tuzumab, a monoclonal antibody against human
epidermal growth factor receptor 2 (HER2; also known
as ERBB2). The TOGA trial showed an overall survival
of 13.8 mo in patients with Her2neu overexpression,
when treated with trastuzumab associated to chemo
therapy in first line treatment, while the overall
survival doesn’t exceed one year in the population not
[18]
receiving trastuzumab .
KRAS mutation is a negative predictive factor for
the use of Cetuximab, an anti-EGFR, in metastatic
colon cancer. KRAS mutated patients will not benefit
from Cetuximab as much as the patients with wild
type KRAS, these patients will preferentially be treated
[19]
with bevacizumab .

FUTURE PERSPECTIVES OF
THERANOSTICS IN GI CANCERS
Nanotheranostics

After the progress in nanotechnology in the last
decade, many trials were launched aiming to
integrate this technology in theranostics under the
name of “nanotheranostics”. The introduction of this
new technology in health care routine needs many
practical steps in the long way of concretization and
daily application. Many nanoparticles were been
studying in this domain; gold-based nanoparticles,
magnetic nanomaterials and polymeric nanomaterials
are the most widely tested associated sometimes to
chemotherapeutical agents. These nanotechnologies
are being applied first in vitro, and subsequently in
vivo with many positive results (Table 1).
The association of chemotherapeutical agents
with nanoparticles avoid the drug degradation, allow
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Colorectal cancer

Despite the major efforts and the important progress
in the treatment of colorectal cancer after the use
of targeted therapies, metastatic colo-rectal cancer
remains an incurable disease. The nanotheranostics
will most probably bring a new hope and add a positive
impact on the prognosis and evolution of this disease.
Different new nanoparticles are being designed
worldwide to assure a new way of delivering drug with
higher doses, less tocixity and more specificity in colorectal cancer. As in pancreatic and gastro-esophageal
cancer, many NP specific for colo-rectal cancer as
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[29]

[30]

polymeric nanosphere , micelle particles , metal
[31]
semi-conductor nanoparticles and gold nanoparticles
[32]
are being elaborated .
One of the ideal examples for theranostics in colon
[33]
cancer is designed by Soon et al
who developed
a nanoparticle containing a magnetic material core
associated with organic fluorescent material and an
antibody (Cetuximab ) for the specific diagnostic and
treatment of these tumors.

9
10

NEW MOLECULAR TARGETS

11

The stratification of cancers into their molecular
mutations, alterations or overexpression remains an
important step in personalized medicine, before finding
the accurate targeted therapy for each mutation.
Nowadays, an important number of oncogenic driver
alterations implicated in carcinogenesis are detected
in lung adenocarcinoma and in breast cancer, but
only few targeted therapies are approved in these
two cancers. Many new targets are being identified
in gastro-intestinal cancers and will probably be
incriminated in future theranostics projects.
Next to Her2neu overexpression, MET and FGFR2
overexpression are considered potential therapeutic
targets in this type of cancer in gastric cancer due
to their role as oncogenic driver alterations. STAT3
seems to be a potential future target in the treatment
of pancreatic cancer next to P53 and SMAD4. All these
targets and many others will help the development of
[34]
new treatment modalities based on theranostics .

12

13
14
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Abstract
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Hepatocellular carcinoma (HCC) represents a unique
challenge for physicians and patients. There is no
definitively curative treatment. Rather, many treatment
and management modalities exist with differing
advantages and disadvantages. Both current guidelines
and individual patient concerns must be taken into
account in order to properly manage HCC. In addition,
quality of life issues are particularly complex in patients
with HCC and these concerns must also be factored
into treatment strategies. Thus, considering all the
options and their various pros and cons can quickly
become complex for both clinicians and patients. In this
review, we systematically discuss the current treatment
modalities available for HCC, detailing relevant clinical
data, risks and rewards and overall outcomes for each
approach. Surgical options discussed include resection,
transplantation and ablation. We also discuss the
radiation modalities: conformal radiotherapy, yttrium 90
microspheres and proton and heavy ion radiotherapy.
The biologic agent Sorafenib is discussed as a promising
new approach, and recent clinical trials are reviewed.
We then detail currently described molecular pathways
implicated in the initiation and progression of HCC, and
we explore the potential of each pathway as an avenue
for drug exploitation. We hope this comprehensive
and forward-looking review enables both clinicians and
patients to understand various options and thereby
make more informed decisions regarding this disease.
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looking review enables both clinicians and patients to
understand various options and thereby make more
informed decisions regarding this disease.

Core tip: Hepatocellular carcinoma (HCC), depending
on the stage, has several treatment options including
surgery, radiotherapy and biological agents such
as Sorafenib. For both practitioners and patients
these treatment modalities all offer advantages and
disadvantages over one another. The question of when
to use each modality remains an active field of debate.
In order to provide clarity in this regard, we review
currently used treatment methods along with the
relevant data supporting or refuting them. Additionally,
we then discuss molecular pathways involved in HCC
that could be, and in some cases already are being,
exploited for potential future drug therapy.

EARLY DISEASE THERAPY (BCLC STAGE
0/A): CURATIVE TREATMENTS
Liver transplantation

Liver transplantation eliminates HCC and therefore
is the best therapeutic approach for the treatment of
HCC. Unfortunately, as is commonly known, demand
for liver transplantation far exceeds the available
supply. The guidelines outlined in the Milan criteria
(solitary tumors of < 5 cm in diameter and up to
three tumor nodules, each of which is < 3 cm) have
[4]
helped establish this success . The beneficial aspects
of liver transplantation include wide margin tumor
excision, removal of intrahepatic metastasis, curing of
underlying cirrhosis and accurate pathologic staging
and histological examination of the entire liver.
The Milan criteria are used for selecting and screening
patients with HCC for transplantation. The recurrence
of HCC post-transplantation poses the most significant
hurdle with risk of mortality due to metastatic disease
and the effect of immunosuppressant therapy. Despite
this, transplantation remains the most effective
treatment for solid HCC neoplasms. Vascular invasion,
the size and number of nodules, serum alphafetoprotein levels and tumor differentiation guide the
[5-8]
recurrence risk
. Although multiple groups have
suggested less restrictive guidelines than currently
established, the limited availability of liver grafts
makes this a hotly debated topic. Further investigation
would be needed to rationalize softening the criteria
for transplantation in patients with advanced HCC.
What is known is that many patients are listed for
transplantation only to sit on a waiting list until their
HCC advances to the point where they are no longer
candidates. During this time, lack of treatment of
HCC will invariably lead to vascular invasion and
extrahepatic spread; both conditions of exclusion and
overall poor prognosis. Estimates of exclusion/drop-out
due to progression while on the wait list are in the area
[9]
of 25% at 1 year .
The Model for End-Stage Liver Disease (MELD)
score has proved to be an objective and reliable
marker of early mortality in transplant candidates.
Prior to the MELD scoring system adoption in 2002,
the United States based liver transplant allocation
[10]
on urgency and wait time . The Milan criteria were
invoked to evaluate tumor progression and patient
death without transplant for patients with Stage Ⅰ or
stage Ⅱ tumors. At 3 mo, these patients had a
dropout risk of 15% and 30%, respectively. Experts
convened and assigned MELD scores of 24 and 29
to patients with Stage Ⅰ and Ⅱ tumors, respectively.
Importantly, patients with Stage Ⅲ or Ⅳ tumors did
not receive a corresponding MELD score, but could be

Schlachterman A, Craft Jr WW, Hilgenfeldt E, Mitra A, Cabrera
R. Current and future treatments for hepatocellular carcinoma.
World J Gastroenterol 2015; 21(28): 8478-8491 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i28/8478.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i28.8478

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cause of cancer and the most common
type of hepatobiliary cancer with over 500000 new
cases diagnosed yearly and having an annual death
[1]
rate of 250000 people . HCC is a highly angiogenic
solid tumor characterized molecularly by cell cycle
dysregulation, aberrant angiogenesis, and evasion of
apoptosis. The molecular pathogenesis of HCC is very
complex comprising of multiple genetic and epigenetic
alterations, chromosomal aberrations, gene mutations,
[2]
and altered molecular pathways . Angiogenesis plays
a vital role in the growth, invasiveness and metastatic
potential of HCC. The angiogenic-nature of this tumor
also contributes to its method of detection. As is
known, both helical computed tomography (CT) and
magnetic resonance imaging (MRI) utilizing arterial
phase contrast administration can accurately diagnose
HCC.
To date, liver transplantation comes the closest to
cure by offering the potential for complete removal of
the cancer, however in reality recurrence and adverse
[3]
outcome rates remain high . In the absence of a
definitive “cure”, many treatment options exist, each
with their own advantages and disadvantages. The
number of options available can be daunting for both
patients and practitioners.
In this review, we discuss the various treatment
modalities currently available for HCC, the various pros
and cons for each approach and the differing outcomes
obtained. We discuss the mechanism of action and
clinical data behind new therapeutic options such
as Sorafenib. We then discuss molecular pathways
involved in HCC that could be, and in some cases
already are being, exploited for potential future drug
therapy. We hope this comprehensive and forward-
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Table 1 Scoring/grading systems related to hepatocellular carcinoma
System

Description

When used

Milan Criteria[4], 1996

Single tumor ≤ 5 cm, or 2-3 tumors ≤ 3 cm, and no
Staging HCC
vascular invasion and/or extrahepatic spread.
UCSF Criteria[5], 2001
Single tumor ≤ 6.5 cm, or 2-3 lesions, none
Staging HCC
exceeding 4.5 cm, with total tumor diameter ≤ 8 cm,
no vascular invasion and/or extrahepatic spread.
Model for End-Stage Liver Disease Score
Specific equation looking at the variables of
Transplant prioritization, End-stage liver disease
(MELD)[107], 2000
bilirubin, INR and serum creatinine.
severity by estimating 3 mo mortality
Barcelona Clinic Liver Cancer (BCLC)
Variables include tumor stage, liver functional
Widely accepted treatment algorithm of HCC
Staging[108], 1999
status, physical status, and cancer-related symptoms
Child-Pugh-Turcott[109,110], 1964-1972
Variables include bilirubin, albumin, INR, Ascites Prognosis/severity of liver disease including cirrhosis
and presence of encephalopathy
Tumor-Node-Metastasis[111], 1997
Variables include the classic tumor size/location,
Standard and poorly predictive staging system not
lymph node positivity, and presence of metastasis.
currently in use
Okuda[112], 1985
Variables include albumin, ascites, bilirubin, and
Properly stratified patients with advanced/
tumor stage (more or less than 50% of liver area
symptomatic stage and is useful to identify end-stage
involved)
patients. Lacks early stage predictive capacity
Japan Integrated Staging (JIS)[113], 2000
Combines TMN with Child-Pugh
Prognostic staging system for hepatocellular carcinoma
HCC: Hepatocellular carcinoma.

listed according to their “physiologic” MELD score. The
initial results in the years that followed indicated that
patients with HCC were receiving too high a priority in
relation to other transplant candidates. In addition to
this, a proportion of these high priority HCC patients
were found to not have had HCC on pathological
analysis and therefore the qualifying MELD scores were
reduced to their current values, which for stage Ⅰ HCC
is 0 and for stage Ⅱ is 22. For every three months a
[9]
patient is listed, their MELD score increases by 10%
(Table 1).
Current data suggests that living-donor liver tran
splantation could reduce the dropout rate for patients
suffering from HCC and has similar outcomes to
cadaveric donor transplantation as well as those
[11,12]
with HCC extended Milan criteria
. Additionally,
decision analysis of living-donor liver transplantation
considering cost, dropout and donor mortality proves
[13]
beneficial at wait times beyond 7 mo . Surgeons
generally prefer living-donor liver transplantation for
patients that fall outside of the criteria due to tumor
size or the number of tumors as a possible option for
transplantation.

to be done safely by improving vessel detection of the
tumors. Ultrasound can also detect lesions that were
missed on pre-operative imaging, during both primary
[15]
and repeat liver resection . Procedures such as the
inferior right hepatic vein-preserving hepatectomy and
ultrasonically guided sub-segmentectomy would not
be possible without ultrasound. A recent retrospective
study of HCC has shown that resection-utilizing
ultrasound is better in comparison to anatomical
[16,17]
resection alone
. Intermittent inflow occlusion is a
common and safe technique utilized in liver resection.
The hemihepatic vascular occlusion and Pringle's
maneuver minimize blood loss and have been shown
not to affect post-operative liver function significantly
[18]
as displayed in randomized controlled trials (RCT) .
Total hepatic vascular exclusion of both the inflow
and outflow tracts is rarely performed due to the
perioperative morbidity. Various flow patterns have
been developed, but the general consensus remains
that intermittent inflow occlusion is the most successful
[19,20]
technique
.
Liver resection is an established treatment for HCC
with significantly decreased surgical mortality. In a
[21]
trial conducted by Llovet et al
between 1989 and
1997, 164 patients underwent evaluation for surgical
treatment of HCC. 77 underwent resection and 87
were selected for transplantation. Evaluation of one,
three, and five-year survival in the resection group
was 85%, 62% and 51%, respectively. This compared
to 84%, 69% and 69% for those that underwent
transplantation. Early diagnosis and treatment can be
curative in some patients, but HCC often recurs. The
[22]
post-operative 5-year recurrence rate nears 50% .
When recurrent HCC does result, the tumor tends to
be more aggressive and harder to treat. Regardless
of this, evaluation for repeat resection should occur.
[23]
In a study conducted by Minagawa et al
of 334
patients with primary resection of HCC, 67 received

Hepatic resection

The most successful treatment for non-cirrhotic
patients with appropriately staged HCC is hepatic
resection. Extensive resections can be performed
[14]
with minimal morbidity . Strict selection criteria are
needed to screen for presence of cirrhosis because
post-operative complications more commonly occur
and can include hepatic failure. Currently, to ensure
successful treatment for resection of HCC, physicians
routinely use multiple procedures that consist of
intraoperative ultrasonography, vascular occlusion,
hepatic parenchymal transection and appropriate
drainage after transection of the liver. Ultrasonography
and endoscopic ultrasound (EUS) allow liver resection
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repeat resection for recurrence. 1, 3, and 5-year
survival rates of 94%, 75% and 56% were noted
following repeat resection, respectively. In multivariate
analysis, good prognostic factors for repeat resection
included lack of portal vein invasion, a single HCC
lesion during the primary hepatic resection, and a
disease-free interval of at least one year or more
following the primary resection. As in all therapeutic
approaches, poor prognostic indicators included more
than three tumors, a tumor size larger than 5 cm,
portal vein invasion, intrahepatic metastases, absence
of a tumor pseudocapsule, advanced TNM stage (Ⅲ
[24]
or Ⅳ), and a Child-Pugh class of C . Pre-operative
transhepatic artery chemoembolization (TACE) is
not recommended. Despite some studies showing a
[25,26]
potential survival benefit and reduced recurrence
most, including clinical practice guidelines, strongly
[27,28]
advise against its use in this regard
.

year 2000 and 2003 and identified 17149 patients
with HCC who underwent treatment with either
resection, percutaneous ethanol injection (PEI), or
radio frequency ablation (RFA). Of this group, 7185
patients had no more than three tumors and ChildPugh class A or B liver function. The two-year time
to occurrence rate was 35.5%, 55.4%, and 73.3%
in the resection (n = 2857), RFA (n = 3022), and
PEI group (n = 1306), respectively. Overall survival
rates were not different between the groups. Similar
results indicating decreased recurrence rates among
patients who underwent hepatic resection compared
to percutaneous ablative therapy were noted in
[36,37]
retrospective analyses
.
Currently, a multicenter joint RCT is ongoing to
address the controversial therapeutic topic between
[38]
hepatic resection and RFA (SURF trial) . Until the
results of this data are known treating with hepatic
resection if the patient is without evidence of liver
cirrhosis or associated conditions is recommended.
If the patient is not a surgical candidate or has un
derlying Child-Pugh A or B cirrhosis current guidelines
[28,39]
recommend pursuit of RFA
.

Ablation

Percutaneous ablative techniques have several fore
seeable advantages over surgical resection. Along with
an abbreviated recovery period, the minimally invasive
and therefor well-tolerated approach of percutaneous
ablation has provided a decision point for patients
and physicians when initiating treatment of early
stage HCC lesions. Although some studies suggest
superiority of resection to ablation for the treatment of
HCC, two RCT trials have shown equivalent long term
and disease free survival.
[29]
Huang et al
randomized 76 patients to undergo
either resection (n = 38) or ethanol ablation (n =
38). In this study, equivalent recurrence, 18 and
15 and mortality, 3 and 5 was noted between the
ethanol ablation and resection groups, respectively.
Both elevated alpha-fetoprotein levels (> 200 ng/
mL) and Child-Pugh class B cirrhosis conferred
higher recurrence and shorter survival. In the study
comparing RFA to resection conducted by Chen
[30]
et al , 161 patients were randomized to receive
either resection (n = 90) or RFA (n = 71). Similar 1,
2, 3, and 4 year survival and disease free survival
was noted between the groups. At 4 years following
therapy, survival was 64% and 67.9% and recurrencefree survival was 51.6% and 46.4% in the resection
and RFA groups, respectively. In both studies
mentioned, immediate post-procedural complications
were less in the percutaneous interventional group.
When comparing the two treatment modalities to
one another RFA appears to be superior to ethanol
[31-33]
injection
.
Despite these promising results, wide adoption of
ablative techniques remains absent. A prospective
cohort conducted by the Liver Cancer Study Group
of Japan, addressed some concerns with these
studies and advised against complete adoption of
[34,35]
this technique as an equally effective therapy
.
This prospective study was conducted between
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LATER DISEASE THERAPY (BCLC STAGE
B, C): PALLIATIVE TREATMENTS
TACE

TACE is a treatment modality employed for the
management of patients with HCC who are deemed
poor candidates for curative treatments. Traditionally,
the procedure involves the intra-arterial injection
of chemotherapeutic agents, usually suspended in
lipiodol, into the hepatic artery followed by obstruction
of the hepatic artery with embolizing particles. TACE
using drug-eluting beads (DEB-TACE) is an expansion
upon the traditional technique and includes the
addition of embolizing particles into a cytotoxic agent.
Despite the technique used, the ultimate goal is to
both increase tumor cell exposure to cytotoxic agents
and selectively tamponade the blood supply to the
liver lobe affected by HCC. The procedure is performed
under radiological guidance in order to maneuver
the catheter from the main hepatic artery into sub
segmental branches specifically supplying blood to the
tumor.
Although the liver is dually supplied by both the
hepatic artery and the portal vein, vascularization
of hepatocelluar carcinoma typically arises from
[40]
the hepatic artery alone . TACE takes advantage
of this pathophysiology by embolizing part or the
entire hepatic artery, which is only responsible for
approximately 30% of the blood supply to normal
hepatic parenchyma, but the primary supply for HCC.
For traditional TACE, chemotherapeutic agents are
suspended in iodized oil, typically Lipiodol, and injected
in the arterial supply closets to the tumor. Doxorubicin
and Cisplatin are the most common agents used
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[28,41]

today
. Tumor cells selectively uptake the che
motherapy/lipiodol cocktail which can remain active
[42]
inside the cell from weeks to months . Subsequent to
chemotherapy, arterial embolization is performed using
agents such as Gelfoam, polyvinyl alcohol particles,
alcohol, starch microspheres, and less commonly
metallic coils or autologous blood clots. There are
advantages and disadvantages to each embolic agents.
Therefore, agents are usually chosen for variables
such as tumor size and provider preference. Gelfoam
is the most common agent used in practice today. The
advantages of Gelfoam over other agents include the
ability to prepare various particle sizes, the temporary
nature of the occlusion, and its safety profile.
TACE using drug-eluting beads (DEB-TACE) is
similar in many ways to traditional TACE, however
DEB-TACE uses embolizing particles which act as
carriers for cytotoxic agents. The goals of these
particles are both to embolize the hepatic artery and to
provide a slow, controlled release of cytotoxic agents.
Typical particles used include sulfonate-modified poly
(vinyl alcohol) hydrogel, or a sodium acrylate and
vinyl alcohol copolymer. Particles can then be loaded
with chemotherapeutic agents, most commonly
doxorubicin. The benefits of DEB-TACE over traditional
TACE include but are not limited to a reduction in the
total plasma concentration of these therapeutic agents.
Optimal candidates for TACE are patients with large
multifocal HCC, preserved liver function, an absence
of cancer related symptoms, and no extrahepatic or
intravascular spread who present with nonsurgical HCC
[28]
and are also not eligible for percutaneous ablation .
Contraindications to TACE include decompensated
liver failure, renal failure, poor hepatic blood flow,
and portal vein thrombosis. Relative contraindications
include tumor size greater than 10 cm, bile duct or
papilla obstruction or incompetence, and untreated
varices at high risk for bleeding.
Evidence supporting the benefits of traditional
TACE over conservative management for both longterm survival and tumor response have been shown
[43,44]
through randomized control trials
and confirmed
[45]
through meta-analysis studies . It should be noted
that a patient's response to traditional TACE varies
depending on several prognostic factors including
response to therapy, vascular/portal vein invasion,
[46]
liver function, and tumor burden . The benefits
to survival and tumor response of DEB-TACE over
traditional TACE are not yet well defined. Although
failing to show superiority of DEB-TACE over traditional
TACE, a randomized controlled trial was able to report
an improved tumor response rate of 52% for DEB[47]
TACE vs 44% for traditional TACE . Another recent
systematic review, confirmed DEB-TACE offered
no survival benefit over traditional TACE. However,
this study once again observed an improved tumor
response rate and additionally reported a slightly lower
incident of adverse events for DEB–TACE as compared
[48]
to traditional TACE .
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Transarterial chemoembolization is a relatively well
tolerated procedure with major complications occurring
[49]
in approximately 5% of cases . Complications of
TACE can be subdivided into vascular and nonvascular.
Vascular complications include access site injuries,
hepatic artery injury, non-target embolization, and
[50]
pulmonary embolization of Lipiodol . Access site
injuries are fairly uncommon and include hematoma,
pseudoaneurysm, and arteriovenous fistula formation.
Hepatic artery injury and non-target embolization are
among the most serious of the vascular complications.
Variations in vascular anatomy, and inappropriate
manipulation of the catheter and guide wire are major
contributors to hepatic artery injury. Non-target
embolization can occur through failure to recognize an
arterial supply to non-hepatic structures or reflux of
chemotherapeutic agents along the catheter. Finally,
sequela of injury varies depending on the downstream
tissues supplied by the compromised arterial supply,
but includes ulceration, perforation, abscess formation,
[49]
and organ dysfunction or failure .
Nonvascular complications to TACE include post
embolization syndrome, acute liver decompensation,
bacteremia and sepsis, renal failure, variceal bleeding,
[51]
and biliary/gastrointestinal tract complications . Of
these side effects, post embolization syndrome (PES)
is the most common, occurring in approximately 90%
of patients. It is marked by fever, malaise, nausea,
vomiting, and right upper quadrant abdominal pain.
Symptom severity is dependent on the dose of
[52]
chemoembolic agents , but can be controlled with
adequate analgesics and antiemetics. Jaundice, sclera
icterus, ascities, and encephalopathy are physical
exam findings indicating acute liver decompensation
after TACE. Elevated lactate dehydrogenase (> 425
mU/mL), serum bilirubin (> 2 mg/dL), aspartate
transaminase (> 100 mL), and tumor burden > 50%
of liver volume are criteria identifying patients at high
[46]
risk for liver failure following TACE . Individual patient
risk for developing liver failure following TACE varies
depending on preprocedural liver function, and can
[29]
be transient or permanent . Hepatobiliary abscess
formation post TACE is hypothesized to develop
following an intra-procedural or post-procedural
ischemic event to local tissue with subsequent
[53]
overgrowth of colonizing enteric flora . Patients at
greatest risk are those who surgically manipulated
biliary tree such as bilioenteric anastomosis, biliary
stents, or sphincterotomy. Closer perioperative
monitoring and aggressive antibiotic prophylaxis may
[54]
help to prevent abscess formation . Once abscess
formation has occurred, treatment with surgical
drainage and prolonged intravenous antibiotic therapy
is indicated.
Investigations into the complications and adverse
effects of DEB-TACE are currently in their infancy.
Vascular and procedural complications are identical
to traditional TACE. However, early studies suggest
non-vascular complications of DEB-TACE are less
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[48]

frequent . The current thought is this is secondary
to a more localized release and lower serum con
centrations of chemotherapeutic agents observed with
DEB-TACE.

that concurred with the SHARP study findings was a
randomized multicenter control trial done by Cheng
[56]
et al . The phase Ⅲ double blind RCT was carried
over at 23 centers in China, South Korea and Taiwan
involving 271 patients with advanced HCC with no
previous systemic therapy and belonging to Child
Pugh class A and BCLC stage C. 400 mg of Sorafenib
was given twice daily in six week cycles. There were
no primary end points were set but overall survival,
time to progression, time to symptomatic progression,
disease control rate and safety were assessed at each
cycle.
The median survival in Sorafenib group was 6.5
mo (95%CI: 5.5-7.5) compared to 4.2 mo (95%CI:
3.75-5.46) (P = 0.014). The six months overall
survival was also higher in Sorafenib group (53.3% vs
36.7%). Even though no complete response was seen
in treatment group, there was a significant difference
between the groups in terms of partial response (3.3%
vs 1.3%), stable disease (54% vs 27.6%), progressive
disease (30.7% vs 54%), and disease control rate
(35.3% vs 15.8%). A similar adverse reaction profile
was noted compared to SHARP trial including handfoot-skin reaction, diarrhea, alopecia, fatigue, anorexia,
hypertension and nausea. The patients in Asia-Pacific
trial have more advanced disease with extra-hepatic
spread, greater number of lesions, poorer performance
status, and high AFP concentrations compared to
SHARP trial.

Sorafenib

Sorafenib is the first oral multi kinase inhibitor
approved for the treatment of “unresectable” HCC
by FDA in 2007 based on the results of two large
[55,56]
multicenters randomized controlled trials
.
Sorafenib was noted to have inhibitory effects
on cell growth, induction of apoptosis, and down
regulation of anti-apoptotic protein Mcl-1 in preclinical
[57]
models . The drug was also found to reduce tumor
angiogenesis, tumor cell signaling, and tumor growth
in a dose dependent manner in mouse xenograft
models of HCC by blocking Raf/MEK/ERK pathway and
[58-60]
other extracellular receptor tyrosine kinases
.

SHARP trial (Llovet et al[55], 2008)

SHARP trial is a large multicenter phase Ⅲ double
blind RCT conducted at 121 centers in Europe, North
America, South America, and Australia involving 602
patients with advanced HCC who have not received
any previous systemic treatment. The patients
received either Sorafenib (400 mg BID) or placebo.
The primary outcomes were overall survival and the
time to symptomatic progression and secondary
outcomes included the time to radiologic progression,
disease control rate, and safety. The patients had an
ECOG score of 2 or less and belong to Child-Pugh
class A based on liver function and BCLC stage B and
C based on tumor staging. The underlying etiology for
[55]
the HCC was Hep C followed by alcohol and Hep B .
The overall median survival was 10.7 mo (95%CI:
9.4-13.3) compared to 7.9 mo (95%CI: 6.8-9.1) in
placebo group (P < 0.001). The one-year survival
rate was also higher (44% vs 33%, P = 0.009).
There is significant improvement in time to radiologic
progression (5.5 mo vs 2.8 mo) and time to symp
tomatic progression (4.1 mo vs 4.9 mo). Even though
there was no complete response in sorafenib group,
there was a significant difference noted in stable
disease (71% vs 67%) and disease control rate (43%
vs 32%).
Sorafenib was well tolerated and the adverse
effects reported were predominantly grade 1 or 2 in
severity related to gastrointestinal, constitutional, or
dermatological in nature. Most frequently reported
adverse effects were diarrhea, weight loss, hand-footskin reaction, alopecia, and anorexia. Hypophosphatemia
and thrombocytopenia were most frequently noted
laboratory abnormalities. Overall, sorafenib has shown
considerable improvement in overall survival with
acceptable side effects and tolerability.

Radioembolization: Yttrium 90 microspheres

In many cases, advanced stage HCC is beyond the
scope of curative treatments thus directing disease
management to a more palliative approach aimed at
increasing survival and improving the quality of life
for patients. Microsphere brachytherapy is one such
approach for patients who are not candidates for
resection, which works by exploiting the increased
arterial vasculature supplying many large metastatic
[61,62]
and primary tumors of the liver
.
The liver is unique from many of the organs in the
body in that it possesses a dual blood supply coming
from the hepatic artery and portal vein. Despite the
fact that the portal circulation supplies the majority of
blood to the normal liver, it has long been accepted
among the medical community that liver tumors
of large size (> 3 mm), metastatic neoplasms in
particular, receive a majority of their blood supply from
[62-64]
the hepatic artery
. Angiographic studies done
under fluoroscopy are performed prior to microsphere
implantation to determine tumor arterial flow. In
addition, prophylactic embolization of extrahepatic
vessels is performed prior to radioembolization to
prevent the possibility of non-targeted deposition of
[61]
radioactive microspheres elsewhere in the body .
After review of arteriograms that show no
revascularization of occluded extrahepatic vessels
or anatomic variants, Yittrium-90 loaded glass or

Sorafenib Asia-Pacific Trial (Cheng et al[56], 2005-2007)

The other study conducted in the Asia-Pacific region
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resin microspheres, approximately 20-30 μm in
size, are infused via percutaneously inserted arterial
[61,65]
catheters
. These spheres preferentially travel to
and settle in tumor vasculature where they block the
main source of blood flow and deliver dosed radiation
[61,66,67]
to the tumor site
.
Microsphere dose ranges are based on CT imaging
studies that determine total liver volume and a
nominal target dose specific to the patient’s tumor
[68]
progression . In addition, the type of microsphere,
either resin or glass, must be considered due to
significant differences in single sphere radioactivity as
[66,69-71]
well as the amount of microspheres delivered
.
The first study to be performed to determine
effective dose radiation as well as complications from
Y-90 treatment of advanced HCC was performed by
[68]
Lau et al
in the mid 1990’s. A total of 18 patients
with inoperable advanced HCC were treated with
the therapy. Patient median survival was found to be
longer for those receiving a target dose of > 120 Gy
compared to those receiving doses of < 120 Gy (55.9
wk vs 26.2 wk, P = 0.005).
[72]
A more recent study by Geschwind et al
in
2004 analyzed the median survival and 1-year
survival rates of patients with unresectable HCC that
received Y-90 treatment doses ranging from 47-270
Gy. Of the 80 patients treated in the trial, 50 were
Okuda stage Ⅰ and 26 were Okuda stage Ⅱ. Okuda
stage Ⅰ patients experienced a median survival of 628
d with a 1-year survival of 63%. Stage Ⅱ patients
experienced a median survival of 384 days and a 1-year
survival of 51%.
[73]
In 2008, Al-Kalbani et al
reviewed some of the
advantages and contraindications of Y-90 microsphere
radioembolization therapy. The treatment is especially
recommended for patients with HCC and portal vein
thrombosis (PVT), where median survival was found
to be significantly increased compared to PVT patients
[73-75]
not receiving treatment (496 d vs 2.7-4 mo)
.

to deliver high dose radiation to tumor areas while
reducing the exposure of healthy tissue to harmful
rays. 3D conformal radiotherapy (3D-CRT), intensitymodulated radiotherapy (IMRT), stereotactic-body
radiotherapy (SBRT), and RapidArc radiotherapy have
been suggested to be favorable in the treatment
of advanced HCC due to their ability to deliver high
radiation doses that more accurately target the specific
three-dimensional tumor volumes than whole liver RT.
[79]
Another study performed by Cheng et al
exa
mined the differences in dose-volume data between
patients treated with 3D-CRT and patients treated with
IMRT after subsequent development of RILD following
an initial 3D-CRT course. The researchers found that
IMRT significantly reduced volume fractions of radiation
exposure to surrounding organs when compared to
conventional 3D-CRT treatment for the spinal cord,
stomach, and the right kidney (5.7% vs 33.4%, P =
0.009; 3.7% vs 4.8%, P = 0.09; 32.0% vs 34.8%, P
= 0.007; respectively). In addition, IMRT significantly
increased the mean dose to the liver compared to
3D-CRT (2924 cGy vs 2504 cGy, P = 0.009) while
reducing the NTCP (23.7% vs 36.6%, P = 0.009),
both factors considered extremely desirable for disease
[79,80]
treatment
.
The most recent conformal RT technique to be
established, called RapidArc, is another volumetric
intensity-modulated therapy that has shown promise
as an equivalent or even superior therapy to IMRT
[80,81]
for certain cancers
. Instead of the typical 5
gantry angle fractions used in conventional IMRT,
RapidArc uses a one or two-arc gantry rotation
while simultaneously modulating the beam intensity
to accommodate for the three-dimensional tumor
[82]
[82]
margins . In their study, Kuo et al found that while
RapidArc had a significantly higher conformity index
(CI, relative volume covered by the prescribed dose
compared to the prescribed target volume) than IMRT,
it was not superior to IMRT in terms of reducing the
NTCP (4.38% vs 3.98%). These and other studies
highlight the potential for conformal radiotherapy in
the treatment of advanced HCC as well as urge for
future research to refine technical approaches.

Conformal radiotherapy

Determining which form of RT to implement in
the treatment of HCC is often difficult since clinical
[76]
experience with certain techniques is limited
in
addition to considering the potential for radiationinduced liver disease (RILD) due to the low tolerability
[77]
of the liver to radiation . The tolerability of the liver
to radiation depends largely on the total dose delivered
but also on the volume of liver receiving the target
dose throughout the treatment setting. According to
[78]
data published in 1991 by Emami et al , the amount
of radiation delivered to the whole liver, 2/3 liver, and
1/3 liver volume associated with a 5% normal tissue
complication probability (NTCP) at 5 years was 30 Gy,
35 Gy, and 50 Gy, respectively.
In conjunction with modern imaging techniques
a multitude of conformal radiotherapy techniques
have been developed and tested that offer the ability
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Proton and heavy ion radiotherapy

Proton therapy is currently being pursued as an
additional treatment modality for advanced HCC due
to its ability to deliver conformal, high dose treatments
to tumor areas while at the same time significantly
limiting dose exposure to uninvolved areas of the
[83]
liver . Protons have a much sharper peak of energy
dissipation, termed the Bragg peak, than electrons or
[84]
X-rays . The sharpness of the peak corresponds to
greater tissue absorption of ionizing radiation delivered
to the target area over a shorter distance when
compared to the peaks of other ionizing radiation.
Additionally, the depth of the peak energy dissipation
within the tissue is determined by the beam’s initial
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energy and the medium through which the beam is
traveling. For proton therapy, the Bragg peak is very
sharp and comes to its maximum over a short distance
at the end of the beam length. This short distance
over which a large portion of the beam’s energy is
absorbed contributes to a more accurately conformed
dose volume that in theory reduces the normal tissue
[85]
complication probability (NTCP) and risk of RILD .
[86]
In 2005, Chiba et al
published a retrospective
review in which 162 patients were treated with proton
beam therapy for advanced, unresectable HCC. The
overall survival rate for the patient group was found
to be 23.5% at 5 years, although the subset group
of 50 patients presenting with solitary tumor and
little hepatic impairment showed a 5-year survival of
53.5%.
[87]
Another 2005 study by Hata et al
examined
the effectiveness of proton therapy on HCC patients
diagnosed with portal vein tumor thrombus (PVTT),
a syndrome that has traditionally limited the capacity
of radiotherapy in improving disease survival. Among
their limited data set of 12 patients, the researchers
found a 2-year and 5-year progression-free survival
rate with a median progression-free survival of 67%,
24%, and 2.3 years, respectively.
Heavy-ion RT (H-IRT) is another treatment mo
dality being explored for advanced HCC treatment.
The advantages of heavy ions are similar to those
that come from proton therapy; heavy ions follow
an inverted dose profile that is much more effective
in maintaining conformity of the beam to the target
[88]
volume as opposed to non-heavy ion therapies .
Research on H-IRT for HCC has been limited to
date due to a number of factors including the expense
of the procedure and the limited number of facilities
[88]
world-wide capable of handling heavy-ion RT . One
of the first papers to be published on the effectiveness
of heavy-ion RT for advanced HCC came from a
[89]
prospective study by Kato et al
in 2004. A total of
24 patients diagnosed with HCC of stage Ⅱ (10), ⅢA
(6), and ⅣA (8) were each treated with 15 fractions of
carbon ions over a 5-wk period. A 10% dose increment
was also administered for each consecutive fraction
over a range of 3.3 to 5.3 Gray equivalents (GyE).
GyE was determined by multiplying the physical dose
of the carbon ions in Gray by the relative biological
effectiveness (RBE), determined by the researchers
to be of the value 3.0 (RBE relativizes the physical
damage to cells produced by heavy ions in comparison
[90]
with megavoltage proton therapy) . At the conclusion
of the study, the overall tumor response rate was
found to be 71% with 1, 3, and 5-year survival rates
[89]
of 92%, 81%, and 25%, respectively .
Currently, Phase Ⅰ dose determining trials are
underway in Germany at the University Hospital of
[88]
Heidelberg, led by Combs et al . The Prometheus-01
trial is expected to deliver analysis on the safety and
efficacy of the carbon ion radiotherapy procedure for
patients diagnosed with advanced HCC. In addition,
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the study’s primary focus is to evaluate toxicity and
determine the mean tolerable dose (MTD) for future
clinical investigations. Promising results from this study
could fuel research interest into more effective ways of
targeting advanced HCC lesions with H-IRT.

POTENTIAL MOLECULAR PATHWAYS OF
INTEREST
Molecular pathways involved in the initiation and pro
pagation of HCC have been well studied. Each pathway
provides an opportunity to inhibit HCC progression.
Through the development of molecular inhibitors specific
to kinases, receptors and other integral proteins within
these pathways, researchers are currently opening new
potential avenues for treating HCC. Many inhibitors have
been developed and are in various stages of clinical
trials (Table 2). Key pathways and cascades associated
with HCC are considered below.

EGFR-RAS-MAPKK signaling pathway

Epidermal growth factor (EGF), hepatocyte growth
factor (HGF), platelet derived growth factor (PDGF), and
vascular endothelial growth factor (VEGF) participate
in the activation of RAS/MAPKK signaling pathway
[91]
playing a key role in cell proliferation . The abnormal
activation of RAS/MAPK pathway results from an
[92]
aberrant upstream signals from EGFR and IGF . VEGF,
PDGF, and FGF are important proangiogenic factors
that play role in neovascularization, invasiveness and
[93]
metastatic potential of HCC . VEGFR-1 and 2 are
expressed on the endothelial cells and initiate the
cascade. PDGF is helpful for angiogenesis by recruiting
pericytes and smooth muscle cells around nascent
[94]
vessel sprouts . As VEGF, FGF, and PDGF expression
correlates with metastatic potential of tumor cells,
inhibitors of VEGF, FGF, and PDGF signaling pathways
[95]
are useful as therapeutic agents .

c-MET signaling pathway

Mesenchymal epithelial transition factor (MET) is
activated by receptor binding of HGF and their
aberrant activity plays a significant role in HCC
[95]
pathogenesis . HGF/C-MET pathway plays vital role
in cellular responses including invasive growth of
cancer, tissue regeneration, angiogenesis, proliferation,
and migration of cancer cells. HGF over expression and
[96]
c-MET aberrant activation has been reported in HCC .
A number of therapeutic agents targeting the c-MET
pathway are in various stages of development. These
compounds can be found listed in Table 2.

IGF signaling pathway

IGF-Ⅰ and Ⅱ have a limited role in the pathogenesis
of HCC but down regulation of tumor suppressor
IGFBP-1, IGFBP-2, IGFBP-3, and IGFBP-4 was found
[97]
to be associated with HCC . Over expression of
IGF-1 and IGF-2 receptors and down regulation of IGF
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Table 2 Select current molecular inhibitors under
investigation as standalone or combination therapies for
treatment of hepatocellular carcinoma

apoptotic signals like Snail, β-catenin, NF-kb, Ras/ERK
are over expressed leading to imbalance and evasion
[91,96]
of apoptosis
.

Drug name

Method of action

Clinical phase

Lenvatinib

VEGFR, PDGFR, FGFR, RET
and c-Kit inhibitor
VEGFR2 and FGFR tyrosine
kinases
mTOR inhibitor
c-MET inhibitor
RTK, VEGF and PDGF
inhibitor
Raf/MEK/ERK inhibitor

Ⅲ, ongoing as 1 line

Hedgehog signaling pathway

Brivanib
Everolimus
Tivantinib
Linifanib
Sorafenib (as
adjuvant)
Ramucirumab
Foretinib
Refametinib
Mapatumumab
Selumetinib
Erlotinib
Lapatinib
Cabozantinib
MSC2156119J
Lenalidomide

VEGFR2
c-MET inhibitor
MEK1/2 inhibitor
TRAIL-receptor (death
receptor 4)
MAPK/ERK inhibitor
EGFR tyrosine kinase
inhibitor
EGFR and HER2/neu
inhibitor
VEGFR2, c-MET, RET, KIT,
FLT4, AXL
c-MET/HGF
Immunomodulatory

st

Hedgehog (Hh) pathway is crucial for fetal liver deve
lopment, regeneration and stem cell differentiation.
Over expression of Sonic Hh and smoothened Hh
can activate an aberrant Hh pathway and lead to
[91]
carcinogenesis of HCC .

st

Ⅲ, negative as 1 line
Ⅲ, negative
Ⅲ, ongoing as 2

nd
st

line

Ⅲ, negative as 1 line

Jak/STAT pathway

Ⅲ, negative

It is activated by number of cytokines and growth
factors and is involved in multiple cell functions such
[101]
as differentiation, proliferation and apoptosis .
Over expression of genes representing VEGFR,
PDGF, Angiopoiten-2 leads to increased angiogenesis.
Increased expression of MMP-9, osteopontin, MMP-14,
[96]
cyclin D1 leads to metastasis of HCC .

Ⅱ and Ⅲ, negative
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ

CONCLUSION

Ⅲ

HCC represents a uniquely challenging cancer requi
ring a multifactorial approach. Other than possibly a
liver transplant, there is no definitive cure. Instead,
clinicians are faced with multiple management stra
tegies, each with different risks and rewards. The
sheer number of current treatment approaches can be
overwhelming to both physicians and patients. New
breakthroughs such as Sorafenib offer great promise,
yet even these new approaches must be weighed
against radiation, surgery and other better-established
treatment modalities. The tumor stage and extent of
liver damage are key factors in the evaluation of an
appropriate HCC treatment strategy. Choosing the
most appropriate modality requires doctors to follow
the most advanced guidelines to date.
The surgical options available are partial liver
resection, percutaneous ablation, TACE and either
[102]
living or cadaveric donor transplantation
. Surgical
treatments have represented the most successful
approaches to HCC. In addition, HCC patients today
are benefiting from significant improvements in tumor
identification, patient survival and patient selection.
However, these advances in HCC treatment are riddled
with high mortality as a result of cancer recurrence
[103]
with unacceptable survival rates .
Radiation therapies for advanced HCC are limited
in their capacity to improve disease prognosis.
Historically, one of the most difficult problems to
overcome with the use of radiotherapy in HCC was
the delineation of tumor margins. However, modern
radiotherapy for HCC utilizes multiphase CT for tumor
[104]
visualization
. Additionally, the multiphase CT of
HCC produces a unique pattern of enhancement that
can be used as a diagnostic marker in the absence
[28]
of biopsy . MRI and positron emission tomography
can also be used to identify tumor margins as well as
[105]
detect additional foci of HCC .

Ⅰb/Ⅱ
Ⅱ

HGF: Hepatocyte growth factor; VEGF: Vascular endothelial growth
factor.

binding proteins contribute to proliferation of cancer
[95,96]
cells, anti-apoptosis, and invasive behavior
.

P13K/Akt/mTOR signaling pathway

P13K/PTEN/Akt/mTOR pathways regulate many
processes like cell proliferation, differentiation,
apoptosis, cell cycle progression, cell motility, tumor
growth and angiogenesis. Akt activation can occur
through EGF, IGF, or m TOR aberrant signaling or
[96,97]
dysregulation of tumor suppressor gene PTEN
.
The pathway is also involved in invasiveness and
[98]
metastasis of HCC .

Wnt-β -catenin signaling pathway

Aberrant Wnt-β-catenin signaling activity has been
demonstrated in up to one third of cases of HCC
secondary to HCV. The pathway is dysregulated
primarily as a result of mutations in CTNNB1 or AXIN1,
or altered expression of WNT receptors inducing
[99,100]
changes in oncogenes like CCDN1, Cmyc or BIRC
.
The pathway can be exploited as a target for treatment
of HCC.

Apoptotic signaling pathways

Abnormal apoptotic activity has been shown to
play a role in the pathogenesis of HCC and agents
have been in developmental phases targeting proapoptotic receptors. Apoptosis can occur intrinsically
or extrinsically. In HCC some pro-apoptotic molecules
like p53, PTEN, Bax are down regulated and anti-
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The recent advances in understanding the patho
genesis of HCC have led to the successful development
and approval of Sorafenib, currently the only drug
shown to increase survival in randomized controlled
trials. While more long term clinical data would be
welcomed, Sorafenib represents a promising first step
in the use of biological agents in the treatment of HCC.
Many molecular pathways have been well described
in the development and progression of HCC. These
molecular pathways could theoretically be exploited
to slow down, halt or reverse the progression of HCC.
Based on gene expression studies, HCC is classified
into three molecular subsets consisting of different sets
of genes altering signaling pathways responsible for
[96,106]
cell proliferation and survival
. The key signaling
pathways identified to play a role in HCC pathogene
sis are Wnt-β-catenin pathway, EGFR/RAS/MAPKK
pathway, c-MET pathway, IGF signaling, Akt/m TOR
[95,96]
pathway, and VEGF/PDGFR signaling pathways
.
Several Phase Ⅱ and Ⅲ clinical trials are underway
for novel drugs aimed at treating advanced HCC
using some of these pathways. Further research into
drugs targeting these pathways may lead to future
breakthroughs in the treatment of HCC.
A comprehensive review such offers an opportunity
for clinicians and patients to better understand,
compare and contrast established, cutting edge and
future treatment modalities. We hope this review will
assist both physicians and patients in their decisionmaking regarding HCC. In early HCC, liver resection
remains an established treatment for HCC owing to
minimal surgical mortality and improved survival.
Transplantation remains the most definitive treatment
for HCC in patients who fulfill the selection criteria.
Treatment guidelines for HCC will facilitate decisionmaking by both patients and physicians at every
clinical step. By sharing the precise information in
algorithm charts, physicians need to recommend
treatment options and allow the patients to decide
which treatment modality fits their desires.
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TOPIC HIGHLIGHT
2015 Advances in Hepatitis C virus

Hepatitis C virus comes for dinner: How the hepatitis C
virus interferes with autophagy
Daniela Ploen, Eberhard Hildt
the cell. It is a pro-survival mechanism that plays an
important role during development, differentiation,
apoptosis, ageing and innate and adaptive immune
response. Besides, autophagy has been described to be
involved in the development of various human diseases,
e.g. , chronic liver diseases and the development
of hepatocellular carcinoma. The hepatitis C virus
(HCV) is a major cause of chronic liver diseases. It
has recently been described that HCV, like other RNA
viruses, hijacks the autophagic machinery to improve
its replication. However, the mechanisms underlying
its activation are conflicting. HCV replication and
assembly occurs at the so-called membranous web that
consists of lipid droplets and rearranged endoplasmic
reticulum-derived membranes including single-, doubleand multi-membrane vesicles. The double-membrane
vesicles have been identified to contain NS3, NS5A,
viral RNA and the autophagosomal marker microtubuleassociated protein 1 light chain 3, corroborating the
involvement of the autophagic pathway in the HCV lifecycle. In this review, we will highlight the crosstalk of
the autophagosomal compartment with different steps
of the HCV life-cycle and address its implications on
favoring the survival of infected hepatocytes.
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Core tip: The hepatitis C virus (HCV) is the major cause
of chronic liver disease worldwide. According to the
world health organization, approximately 130-170 million
people are chronically infected with HCV. It has recently
been described that HCV hijacks the autophagosomal
pathway. Autophagy is a conserved cellular process
that catabolizes intracellular components to maintain
cellular homeostasis. Besides, autophagy is involved
in the development of human diseases. In this review,

Abstract
Autophagy is a highly-regulated, conserved cellular
process for the degradation of intracellular components
in lysosomes to maintain the energetic balance of
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we will depict the data known so far, corresponding the
interplay between the autophagosomal pathway and
the different steps of the HCV life-cycle.

HCV-dependent induction of autophagy impairs the
uptake of RBV in persistently infected Huh7.5 cells
by reduced expression of ENT1. ENT1 is expressed
[9]
on the plasma membrane of many cell types via
a clathrin‑dependent mechanism. The HCV-induced
autophagic response provokes the consequential
degradation of the clathrin heavy chain and thereby
prevents the clathrin‑mediated recycling of ENT1 to
the plasma membrane forcing ENT1 for lysosomal
[10]
degradation . Based on this, the development of
antiviral drugs that target factors involved in the
autophagosomal pathway will be attractive.
Autophagy has been described to be involved in
[11]
several steps of the HCV life-cycle including entry ,
[12-16]
[17-19]
replication
, assembly and release
. In addition,
it has been reported that HCV-induced autophagy
[20,21]
impairs innate antiviral activity
and plays a role in
[22-24]
the development of HCV-related liver diseases
.
Based on published data, in this review we will
summarize the crosstalk between the autophagic
pathway and the different steps of the HCV life-cycle
and discuss the impact of innate immunity for HCVinduced autophagy.

Ploen D, Hildt E. Hepatitis C virus comes for dinner: How the
hepatitis C virus interferes with autophagy. World J Gastroenterol
2015; 21(28): 8492-8507 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i28/8492.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8492

INTRODUCTION
Hepatitis C virus (HCV) is one of the major causes
of chronic liver diseases worldwide including chronic
hepatitis, fibrosis, cirrhosis and hepatocellular
carcinoma (HCC). At present, more than 185 million
people are persistently infected with HCV reflecting
[1]
3% of the world population . Until now, there is no
preventive vaccine available and the current standard
therapy is a 24‑48 wk course of pegylated interferon
(IFN)‑α and ribavirin (RBV) that is only effective in
40%-50% of the patients infected with genotype
1. Since 2013, two first‑generation direct-acting
antivirals (DAAs), telaprevir (TVR) and boceprevir
(BOC), both NS3‑4A protease inhibitors, are approved
for therapy in combination with IFN‑α and ribavirin
[2]
in patients infected with the HCV genotype 1 . In
2015, new DAAs and host‑targeted agents (HTAs) will
be available to further improve the HCV treatment
in IFN-free regimens. These second generation
of antivirals, including NS3/4A protease inhibitors
(Simeprevir, Faldaprevir, Asunaprevir), NS5A inhibitors
(Daclatasavir) and NS5B inhibitors (Sofusbuvir), are
currently under clinical evaluation and further target
patients infected with the HCV genotypes 2-7 to induce
[3-5]
an increased sustained virological response (SVR) .
However, despite the improvement of the HCV therapy,
the number of patients chronically infected with HCV
developing a liver cirrhosis or HCC will increase within
[1,6]
the next years . One important component of new
HCV regimens remains the guanosine nucleoside
analog ribavirin (RBV). RBV enters the cell by binding
to nucleoside transporters like the equilibrative
nucleoside transporter-1 (ENT1). Intracellularly, RBV
is phosphorylated by cellular kinases to form the
RBV-monophosphate (RMP), diphosphate (RDP), or
[7]
triphosphate . Its mode of action is versatile including
the mutagenesis of viral RNA by incorporation of
RBV‑triphosphate, inhibition of IRES-RNA translation
at the level of polyribosome formation, inhibition
of the viral polymerase NS5B, inhibition of inosine
monophosphate dehydrogenase (IMPDH), induction
of TH1 response resulting in increased clearance of the
infected cells and interaction with the IFN signaling
[8]
pathway . However, the antiviral activity of RBV alone
is impaired in chronically HCV-infected patients. In
line with this, it has recently been described that the
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AUTOPHAGY
Autophagy (“self-eating”) is a highly regulated and
conserved cellular process that catabolizes intracellular
components to maintain cellular homeostasis. It is
initiated by the formation of membrane crescents
known as phagophores or isolation membranes that
increase to enclosed double‑membrane vesicles, called
autophagosomes. The autophagosome finally fuses
with lysosomes to form autolysosomes where their
[25]
cargo is digested by lysosomal proteases
(Figure
1). Autophagy is tightly regulated by more than 32 socalled autophagy‑related genes (Atg) as a response
to nutrient starvation, damaged organelles, proteinaggregates, ER-/oxidative-stress or infection with
[26]
pathogens . One important regulator represents
the mammalian target of rapamycin (mTOR) that
represses autophagy by phosphorylation of Unc-like
kinase 1 and 2 (ULK1/2-complex). During starvation,
mTOR kinase activity is inhibited by AMP-activated
protein kinase (AMPK) resulting in the induction
[27]
of autophagy . As an initial step, Beclin1 forms
a complex with the class Ⅲ phosphatidylinositol3-kinase (PI3K3) Vps34, p150 and Atg14 (PI3Kcomplex). The activated ULK1/2- and PI3K-complexes
further catalyze the formation of an autophagosomespecific phosphatidylinositol‑3‑phosphate (PI3P)[28]
enriched environment . The PI3P further recruits
the effector DFCP1- (double FYVE-containing protein
1) and WIPI- (WD-repeat domain phosphoinositideinteracting) proteins, leading to phagophore nucleation
by formation of an ER-associated Ω-structure
(“omegasome”). Autophagosomal membranes can
[29]
[30]
further originate from Golgi- , mitochondrial- ,
[31]
or plasma membrane (PM)derived membranes.
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Figure 1 Schematic model of autophagy. Under nutrient-rich conditions mammalian target of rapamycin (mTOR) represses the ULK1/2 complex. During starvation,
mTOR kinase is inhibited resulting in activation of autophagy. As an initial step, Beclin-1 forms a complex with Vps34 and p150 (PI3K complex). The activated
ULK1/2 and PI3K complex catalyze the formation of a PI3P (phosphatidylinositol‑3‑phosphate)-enriched environment. The PI3P further recruits the effector double
FYVE-containing protein 1 (DFCP1) and WD-repeat domain phosphoinositide-interacting (WIPI) proteins, leading to phagophore nucleation by formation of an ERassociated Ω-structure (“omegasome”). After the nucleation process the formation of the autophagosome occurs. Here, the Atg5-Atg12-Atg16L complex and LC3 Ⅱ,
conjugated to phosphatidylethanolamine (PE) (LC3-PE), play a crucial role in the elongation and closure of the membrane. The autophagosomes can either directly
fuse with lysosomes to form the autolysosome or fuse with late endosomes/multivesicular bodies (MVBs) forming an amphisome prior fusion with the lysosome where
their cargo is digested. Rab7-GTPase activity triggers the fusion of the autophagosome with the lysosome. Another factor involved in autophagosome-lysosome
fusion is the autophagosomal SNARE (soluble N-ethylmaleimide-sensitive factor attachment protein) syntaxin 17 (Stx17) that can be found on the outer membrane of
completed enclosed autophagosomes.

After the nucleation process, the formation of the
autophagosome occurs. For this, the two ubiquitin-like
conjugation systems Atg5-Atg12-Atg16L and Atg4Atg3-LC3-Ⅱ are required. Here, Atg12 is conjugated
to Atg5 by ubiquitination-like reactions that require
Atg7 (E1-like) and Atg10 (E2-like). The Atg12-Atg5
conjugate associates with Atg16L resulting in the
formation of the Atg12-Atg5-Atg16L complex (E3-like).
Subsequently, the microtubule-associated protein 1
light chain 3 (LC3) is cleaved at its carboxy terminus by
Atg4. The cleaved cytosolic LC3-I is finally converted
to the lipidated form LC3- Ⅱ by conjugation to
phosphatidylethanolamine (PE) through Atg7 and Atg3
[32]
and localized to the autophagosomal membrane .
The autophagosomes can either directly fuse with
lysosomes to form the autolysosome or fuse with late
endosomes/MVBs (multivesicular bodies) forming an
[33]
amphisome prior fusion with the lysosome . The
fusion of the autophagosome with the lysosome has
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been described to be stimulated by Rab7-GTPase
[34]
activity . In a recent study, it was reported that
Rab7 is associated with lipid droplets (LDs) where
it plays an important role during “lipophagy”, as
activated Rab7 promotes the interaction of LDs with
[35]
MVBs as well with lysosomes . Another factor
involved in autophagosome-lysosome fusion is the
autophagosomal SNARE (soluble N-ethylmaleimidesensitive factor attachment protein) syntaxin 17
(Stx17). Stx17 can be found on the outer membrane
of enclosed completed autophagosomes where it
promotes its fusion with lysosomes by interaction with
[36-38]
SNAP29 and the autophagosomal SNARE VAMP8
.
Taken together, autophagy is a highly regulated,
conserved and complex intracellular mechanism that
requires the interplay of various factors to maintain the
cell homeostasis and to finally ensure the survival of
the cell. Autophagosomes can either directly fuse with
lysosomes to form the autolysosome or fuse with late
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endosomes/MVBs forming an amphisome prior fusion
with the lysosome.

p62 activates the Keap1‑Nrf2 pathway during selective
autophagy as phosphorylated p62 (p-p62) binds to the
Keap1 binding site of Nrf2 and therefore competitively
inhibits the Keap1-Nrf2 interaction, followed by
release of Nrf2 and increased expression of ARE[52]
dependent cytoprotective genes . p62, also known
as sequestome-1, is a stress‑inducible protein that
regulates several transduction pathways involved in
cell survival and cell death. In line with this, inhibition
of autophagy results in the upregulation of p62 and
[51]
activation of Nrf2 .
The studies indicate that autophagy can be
activated by endoplasmic reticulum (ER) stressinduced UPR resulting in activation of three signaling
pathways.

ER STRESS AND THE UNFOLDED
PROTEIN RESPONSE
Autophagy can be triggered by ER stress that results
in the unfolded protein response (UPR). UPR activates
three signaling pathways: the inositol-required protein
1 (IRE1), the activating transcription factor-6 (ATF6)
and the protein kinase (PKR)-like ER kinase (PERK)
[39]
pathway . Upon activation of ER stress, IRE1 RNase
catalyzes the removal of a small intron from the X-box
binding protein 1 (XBP1) mRNA, resulting in spliced
XBP1 (sXBP1) that encodes for an active transcription
factor. XBP1 binds to the ER stress response element
(ERSE) and the UPR element (UPRE), resulting in
expression of more than 380 target genes, including
the ER chaperone 78 kDa glucose-regulated protein
(GRP78) and ER-associated degradation (ERAD)
[40,41]
factors
. In response to ER stress, ATF6 is released
from GRP78 and translocates to the Golgi where it
undergoes protease cleavage to obtain an active
transcription factor (cATF6). The cATF6 shuttles to the
nucleus where it binds to ERSEs and UPREs, resulting
in gene expression of mainly ER chaperones to remove
[42]
misfolded proteins . Activation of PERK results in
phosphorylation of eukaryotic translation factor 2α
(eIF2α) following the inhibition of translation, induction
of ATF4 and expression of the CCAAT/enhancer-binding
[43,44]
protein-homologous protein (CHOP)
. Induction of
UPR after elevated intracellular reactive oxidant species
(ROS) further results in a PERK-dependent activation
of the transcription factor NF-E2 related factor 2
[45]
(Nrf2) . PERK induces the phosphorylation of Nrf2
and dissociation from Keap1. Besides the PERK-Nrf2
pathway, indirect activation of Nrf2 via IRE1α-JNK[46]
Nrf2 occurs . Nrf2 belongs to the Cap´n´collar-bacic
leucine zipper (CNC-bZIP) transcription factor that
plays a crucial role in the defense against oxidative
stress. One protection mechanism against oxidative
stress is the expression of cytoprotective genes. Many
of these genes harbor a short cis acting sequence
in their promoter, the antioxidant response element
(ARE, 5´-TGANNNNGC-3´), and encode for proteins
involved in the detoxification of the cells, e.g., NQO1,
GCS, GPx or catalytic subunits of the proteasome
[47-49]
PSMB5 and PSMB6
. In its inactive form, Nrf2
is localized in the cytoplasm of the cell, bound to
the actin-binding protein Keap1 which mediates its
ubiquitin‑dependent degradation. Upon activation,
Nrf2 dissociates from Keap1 and translocates to the
nucleus where it binds to ARE sequences and together
with other proteins (e.g., sMaf proteins) activates the
[47,50]
transcription of detoxifying genes
. Moreover, a
crosstalk between Nrf2 and the autophagic pathway
[46,51]
has been described
. It has recently been published
that phosphorylation of the autophagy adaptor protein
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HCV LIFE-CYCLE
HCV is an RNA virus that belongs to the Hepacivirus
within the Flaviviridae family. Due to its high genetic
variability, HCV can be divided into 7 genotypes
(1-7) and several subtypes that differ 20%-30% in
their sequence and display a different geographical
[53]
distribution and treatment response .
The HCV genome is a single-stranded, positive
orientated RNA genome with a size of 9600 bases
length. The viral RNA encodes for a large polyprotein
precursor of approximately 3100 amino acids that
is co- and/or posttranslationally cleaved by viral or
cellular proteases into the mature structural (core, E1,
E2) and p7 protein and the nonstructural (NS) proteins
(p7, NS2, NS3, NS4A, NS4B, NS5A and NS5B). The
structural proteins form the viral particle, whereas the
NS proteins are involved in viral replication and the
[54,55]
assembly process
.
The HCV life-cycle is closely linked to very low
density (VLDL) synthesis, leading to the pleiomorphic,
VLDL-like structure of the so-called lipoviroparticles
(LVPs). LVPs display a heterogenity in their density
ranging from 1.25 g/mL to 1.03 g/mL (human sera)
[56-61]
or 1.10 g/mL to 1.05 g/mL (HCVcc)
. Their
infectivity inversely correlates to their density, with
low‑densitiy particles being more infectious than high[62-64]
density particles
. Thus, the presence of lipids and
apolipoproteins such as apoE, apoB, apoC1, C2, C3,
and apoA1 is important for the entry, assembly and
release of viral particles.

ENTRY PROCESS
The entry process occurs in a coordinated way
including several host factors located on the cell
surface. The LVPs initially bind the LDL‑receptor
[65-68]
(LDLR) and glycosaminoglycans (GAG) via apoE
followed by subsequent interaction with the scavenger
[68]
receptor class B type Ⅰ (SR-BI)
and the tetraspanin
[69,70]
CD81
. As reported previously, the viral particles
primary bind the heparan sulfate proteoglycans
[71,72]
(HSPGs) syndecan-1 and syndecan-4
. In line with
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NS5A with PI4K-Ⅲα induces the accumulation of
phosphatidylinositol 4-phospate (PI4P) in the MW.
The PI4P-enriched environment is further stabilized
by the interaction of NS5A with ARFGAP1, a GTPaseactivating protein for ARF1, an adaptor protein involved
[95]
in COPI trafficking . Moreover, NS4B synergistically
modulates core-mediated activity of sterol regulatory
element-binding proteins (SREBP) and fatty acid
synthetase (FAS), thus mediating lipogenesis and lipid
[96]
accumulation in hepatoma cells . Viral replication is
catalyzed by the viral RNA‑dependent RNA polymerase
(RdRp) NS5B. NS5B presents the classical righthand structure, consisting of finger, palm and thumb
[97]
domains . In addition, NS5B contains a β-loop
insertion in the thumb domain and a C-terminal
membrane-anchoring linker in its active site that
[98]
are involved in the initiation of RNA synthesis .
The highly active site of NS5B further offers possible
targets for antiviral strategies with higher barriers to
[2]
the development of resistance . In addition, host
factors such as cyclophilin A (CypA) and microRNA
(miR)-122 have been identified to participate in the
[99]
viral replication . MiR-122 is a small non-coding RNA
that is highly expressed in hepatocytes and is involved
in proliferation and differentiation of hepatocytes, lipid
metabolism as well as in the development of liver
disease. Besides, miR‑122 stimulates HCV replication
[100,101]
by binding to the 5´-UTR of the HCV genome
.
CypA is a peptidyl‑prolyl isomerase (PPIase) that
catalyzes the cis‑trans isomerization of peptide bonds
at proline (Pro) residues and therefore assists in
[102,103]
protein-folding
. The immunosuppressant CypA
inhibitor, cyclosporine A (CsA), has been identified
to inhibit HCV replication and translation in cell
[104]
culture
. In line with this, it was recently reported
that NS5A and CypA act in concert and are required
for DMV formation. This suggests that CypA and NS5A
inhibitors block HCV replication by inhibiting formation
[105]
of the membranous web . Due to their importance
during the viral replication, the involved viral proteins
(NS3/4A, NS5A, NS5B, p7) and cellular factors
(miR‑122, CypA, PI4K-Ⅲα) represent potential targets
for antiviral therapy.
Summing up, HCV replication occurs in replication
complexes at the so-called membranous web that
consists of lipid droplets and rearranged ER-derived
membranes including single-, double- and multimembrane vesicles. This process is mainly regulated
by the crosstalk between HCV NS-proteins and core
and cellular host factors.

this, apoE has been described to interact with HSPGs
to mediate the lipoprotein uptake. It has recently
been reported that LVP-associated apoE and not
the viral envelope glycoproteins mediate interaction
with the HSPGs. For this, N- and 6-O-sulfation on
the HS is essential and the minimal length of an HS
[73,74]
decasaccharide is required
. The interaction of
the viral particle with its major coreceptors SR-BI and
[69,68]
CD81 occurs via E2
. Here, the highly conserved
region of E2, spanning amino acids 502-520, has
been proposed to act as a fusion peptide. The peptide
consists of glycine and non-polar amino acids and noncharged residues, exhibiting a globular structure with
no regular secondary structures, atypical for a fusion
[75]
peptide . However, the amino acids Y507, V514, and
V515 have been identified to be involved in interaction
with CD81 and SR-BI and neutralizing antibodies, thus
[76,77]
promoting membrane fusion
.
After the relocation of the LVPs to the tight junction
[78]
[79-81]
proteins claudin-1 (CLDN-1) and occludin (OCLN)
,
the virus becomes internalized by clathrin‑mediated
[82,83]
endocytosis
and is finally released into the cytosol
[83,84]
in a pH‑dependent manner
. It has recently been
described that two receptor tyrosine kinases (RTK):
epidermal growth factor receptor (EGFR) and ephidrin
[85,86]
type A receptor 2 (EPHA2)
- and the Niemann[87]
Pick C1-like 1 (NPC1L1) cholesterol uptake receptor
[88]
as well as the transferrin receptor
are additional
cofactors involved in the entry process.
Taken together, the entry of the viral particles occurs
in a highly organized way including the interaction
of the viral particle with specific host factors as LDLreceptor, SR-BI, CD81, CLDN-1, OCLN, EGFR and EPHA2.

HCV REPLICATION
The uncoated positive-strand RNA genome is
transported to the rough endoplasmatic reticulum
(rER) where it serves as template for the synthesis
of the HCV polyprotein precursor that is co- and
post-translationally processed by cellular and viral
proteases into the mature structural (core, E1, E2)
and non-structural proteins (p7, NS2, NS3, NS4A-B,
[89]
NS5A-B) . HCV replication occurs in replication
complexes (RCs) at the so-called membranous
web (MW) that consists of lipid droplets (LDs) and
rearranged ER-derived membranes including single-,
[90,91]
double- and multi-membrane vesicles
. The doublemembrane vesicles (DMVs) have been identified to
contain NS3, NS5A, viral RNA and the autophagosome
marker microtubule-associated protein 1 light chain
3 (LC3-Ⅱ), the lipidated form of LC3-Ⅰ, suggesting
an involvement of the autophagic pathway in the HCV
[91]
life-cycle . In addition, the DMVs are highly enriched
[92]
in cholesterol . The formation of the MW is induced
[93]
by the viral proteins NS4B
and NS5A as well as by
cellular host factors such as the phosphatidylinositol
[90,94]
4‑kinase Ⅲ α (PI4K- Ⅲ α)
. Interactions of
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ASSEMBLY AND RELEASE
The assembly of the virions occurs on the surface
of core-associated cytosolic lipid droplets (cLDs)
in close proximity to the RC at the membranous
[106]
web
via budding at the ER membrane and
[107]
seems to depend on VLDL-assembly
. cLDs are
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[130]

organelles for the storage of neutral lipids and
consist of a hydrophobic core of triacylglycerol
(TAG) and cholesterol ester (CE) surrounded by a
phospholipid monolayer that is surrounded by a
coat of proteins, the so-called PAT-proteins including
perilipin, adipose differentiation‑related protein (ADRP)
[108]
and tail interacting protein of 47 kDa (TIP47)
.
During HCV infection, the core protein induces the
[109]
formation of the LDs
and recruits NS proteins
[106]
and the RC to LD‑associated membranes
. The
recruitment of core and NS5A to the LDs is mediated
[110]
by the diacylglycerolacyltransferase-1 (DGAT-1)
,
an enzyme involved in triglyceride synthesis and
[111]
LD maturation
and the mitogen-activated
protein kinase (MAPK)-regulated protein cytosolic
[112]
phospholipase A2 (cPLA2)
. In addition, NS5A
interacts with LD-associated Rab18 and thereby
promotes the interaction between the sites of viral
[113]
replication and the LDs . Proteomic analyses of LDproteins in core-expressing cells revealed a higher
content of the lipid droplet associated protein TIP47,
whereas the amount of ADRP was significantly
[114]
decreased
. Besides its role in the biogenesis
[115]
of LDs
, TIP47 has been described to act as an
intracellular sorting factor that is involved in the
retrograde trafficking of the mannose-6-phosphate
receptor (M6PR) from late endosomes to the
[116]
trans‑Golgi network (TGN)
. Structural analysis of
[117]
TIP47 revealed a high structural homology to apoE .
ApoE plays an important role in the VLDL pathway
and has been described to directly interact with the
[118,119]
viral protein NS5A
. This interaction is crucial
for the virus assembly and the release of infectious
[120,61]
viral particles
. It was recently observed that
TIP47 binds the viral protein NS5A and targets the
de novo synthesized viral RNA that is bound to NS5A
from the replicon complex to the LDs, the assembly
[121,122]
platform
.
The initial step of virion assembly represents
the interaction of NS5A with the cLD-bound core
[106,123,124]
protein
. For this process, the phosphorylation
of specific serine residues of NS5A-domain Ⅲ (DⅢ) by
[125]
casein kinase Ⅱα (CKⅡα) is essential . In addition,
the viral proteins p7 and NS2 play a crucial role in the
organization of the assembly complex. NS2 interacts
with the viroporin p7. The p7-NS2-complex further
interacts with the viral proteins NS3-4A and promotes
the disruption of the core protein from the cLDs to the
[126,127]
nascent viral particle
. The viral budding has been
described to require late components of the ESCRT
(endosomal sorting complex required for transport)
[128,129]
pathway
.
Maturation of viral particles is closely linked to VLDL
synthesis as they are highly enriched in apoE, apoB and
the microsomal transfer protein (MTP), proteins that are
[107]
involved in VLDL‑assembly . The virions are packaged
as LVPs that have similar densities to VLDLs and
envelopment and maturation are thought to proceed at
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the luminal LD (luLD), the VLDL precursors .
The mature viral particles are finally released
through the secretory pathway. During this process, the
surface proteins E1 and E2 are modified by glycosylation
[131-133]
and their disulfide bonds are reorganized
.
For this, the interaction of TIP47 with activated
GTP‑bound Rab9 is essential. It has previously been
described that the TIP47/GTP‑Rab9 complex is important
for the release of the viral particles and TIP47 becomes
part of the viral particle. The intracellular trafficking of
the HCV particles loaded with TIP47 that lacks the Rab9
binding site ends in the autolysosomal compartment
[134]
with degradation of these viral particles
. Besides,
heterogeneous nuclear ribonucleoprotein K (HNRNPK)
has been identified as a host restriction factor that
regulates the viral assembly. In HCV-infected cells,
HNRNPK interacts with the viral plus-strand RNA and
the core protein in close proximity of the LDs. The
proposed mechanism indicates that HNRNPK binds
the viral RNA to regulate its availability for packaging.
Bound RNA cannot be incorporated into newly
synthesized viral particles and thereby enters a new
[135]
replication cycle .
These data so far suggest that the release of the
viral particles is linked to the VLDL pathway. However,
the exact mechanism remains enigmatic and needs to
be further investigated.

AUTOPHAGY AND HCV
Activation of autophagy

The data concerning HCV and its role during UPR/
autophagy are conflicting, and the mechanisms
underlying its activation are not completely understood.
As HCV replication occurs at the membranous web,
it is believed that HCV induces ER stress following
[14,21,136,137]
[138]
the induction of UPR in vitro
and in vivo .
For instance, the viral glycoproteins E1-E2 form a
complex retained in the ER membrane that can form
[139,140]
aggregates resulting in ER stress
(Table 1 and
Figure 2). Furthermore, HCV infection is associated
with oxidative stress in liver cells that results in
[141]
elevated ROS
. As a response to the increased
ER-/oxidative stress, the direct PERK-Nrf2 or indirect
IRE1α-JNK-Nrf2 pathways trigger the expression of
[46]
detoxifying genes . In addition, the elevated ROS
levels trigger phosphorylation of the autophagy
adaptor protein p62 on Ser351 by the mTOR kinase.
Phosphorylation of p62 results in the release of Nrf2
from Keap1 followed by increased expression of
[52]
cytoprotective genes
(Figure 2). In a recent study
of our group, we observed that HCV interferes with
the production of cytoprotective genes by an impaired
Nrf2/ARE-signaling. Here, the core protein triggers the
delocalization of sMaf proteins to the cytosol where
sMaf proteins bind to NS3 and prevent the entry of
Nrf2 into the nucleus resulting in elevated ROS levels.
Therefore, the increased ROS levels in HCV replicating
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Table 1 Crosstalk of hepatitis C virus proteins with the autophagosomal pathway
Viral proteins

Cellular interacting partner/
pathway

Function

Ref.

Core
E1-E2

UPR-pathway

ER-retention of heterodimeric E1-E2-complexes
Induction of UPR

Cocquerel et al[139], 1998

E1-E2

UPR-pathway

Formation of E1-E2 aggregates at ER
Induction of UPR
Entry of Nrf2 into nucleus prohibited
Elevated ROS-levels
Induction of autophagy
Activation of autophagy
Interaction of Atg5-Atg12 conjugate with RIGI/Mda5
and IPS-1/MAVS
Cleavage of these helicases
Inhibition of IFN-signaling
Interference with Ca2+-homeostasis resulting in elevated
ROS
Induction of UPR via activation of ATF6- or Xbp1pathway
Activation of NfκB via Ca2+-homeostasis and elevated
ROS
Inhibition of mTOR kinase activity and interaction with
Vps34 and Beclin1
Activation of autophagy

Choukhi et al[140], 1998

E2
P7
NS2
NS3

sMafs

NS3/NS4A
NS3/4A

IRGM

NS4B

UPR-pathway

NS4B

Rab5 + Vps34

NS4B
NS5A
NS5A

Atg5
TIP47/Rab9
PKR

NS5B

Atg5

Possible involvement in formation of membranous web
Autolysosome formation
Release of viral particles
Particles loaded with TIP47 lacking Rab9 are targeted
towards the autolysosome
Possible role in establishment of infection

Carvajal-Yepes et al[142], 2011

Grégoire et al[18], 2011
Shrivastava et al[20], 2012

Li et al[144], 2009

Su et al[16], 2011
Stone et al[147], 2007
Simonsen et al[146], 2009
Li et al[145], 2010
Guévin et al[152], 2010
Shrivastava et al[20], 2012
Ploen et al[121], 2013

Guévin et al[152], 2010

UPR: Unfolded protein response; PKR: Protein kinase R; ROS: Reactive oxidant species; mTOR: Mammalian target of rapamycin; ER: Endoplasmic
reticulum.

cells cannot be efficiently compensated due to the
impaired Nrf2 activity resulting in the induction of
[142]
autophagy
(Table 1). Moreover, it has been reported
that liver regeneration is impaired in mice lacking Nrf2
due to increased ROS levels that negatively affect
[143]
insulin signaling
. UPR can be further activated by
HCV NS4B through the activation of the ATF6- or IRE12+
pathway as NS4B interferes with Ca homeostasis
[141,144]
resulting in elevated ROS
(Table 1). In addition,
NS4B forms a complex with Rab5 and the PI3 kinase
[16]
Vps34, triggering the induction of autophagy . Active
Rab5 activates autophagy by inhibition of mTOR kinase
[145]
[146]
activity
and interaction with Beclin1 and Vps34 .
Hence, interaction between Rab5 and NS4B have been
[16,147]
described to be crucial for HCV replication
(Table
[148]
1). Grégoire et al
further identified the human
immunity-associated GTPase family M (IRGM) protein
to be involved in the autophagy modulation of different
RNA-viruses including HCV. IRGM interacts with HCV
NS3/4A and different autophagosomal proteins,
[18,148,149]
e.g., Atg5, Atg10, LC3
and thereby triggers
autophagy (Table 1 and Figure 2). These studies so far
indicate that HCV can induce autophagy by elevated
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ROS levels via UPR or by direct interference with the
autophagic pathway.

Translation of incoming RNA and membranous web
formation

Autophagy has been described to be involved in
different steps of the HCV life-cycle. HCV replication
occurs in “replication factories” at the so-called
[93]
membranous web (MW)
that consists of LDs
and rearranged ER-derived membranes including
single-, double- and multi-membrane vesicles. The
double membrane vesicles (DMVs) display the main
component of the MW and are thought to be induced
[90,92,150]
by NS5A during the early stage of infection
.
The single membrane vesicles (SMVs) are induced
by NS4B and have been reported to contain NS3
and NS5A. Multi-membrane vesicles (MMVs) can
only be detected in the late stage of infection and
are thought to occur as a consequence to the HCV[90]
induced autophagic response . Indeed, the DMVs
have been identified to contain NS3, NS5A, viral RNA
and the autophagosomal marker LC3-Ⅱ suggesting
[91]
a link to the autophagosomal compartment . Using
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Figure 2 Schematic model of the crosstalk between hepatitis C virus and autophagy. Hepatitis C virus (HCV) replication occurs in replication complexes that
assemble at the ER resulting in ER stress and induction of an unfolded protein response (UPR). The UPR activates three signaling pathways (ATF6, IRE1, PERK)
and finally autophagy. In addition the UPR can be triggered by NS4B through activation of the IRE1 and ATF6 pathway as NS4B interferes with Ca2+ homeostasis
resulting in elevated reactive oxidant species (ROS). Elevated ROS levels trigger phosphorylation of p62 on Ser351 (p-p62) following subsequent activation of Nrf2.
NS4B further forms a complex with Rab5, Vps34 and Beclin-1 stimulating an autophagic response. In addition the human immunity-associated GTPase family M (IRGM)
protein interacts with NS3/4A and the autophagosomal protein Atg5, Atg10 and LC3 that trigger autophagy. Activation of autophagy favors HCV replication and plays
a crucial role in release of viral particles. Here, the interaction of TIP47 and activated Rab9 (aRab9) to the particles is essential. Moreover, HCV-induced autophagy
impairs innate immunity and favors cell survival via inhibition of apoptosis.
[90]

immunofluorescence-analysis, Romero-Brey et al
could identify markers of early endosomes (EE), late
endosomes (LE), COP vesicles, mitochondria, LDs and
Rab proteins that are associated to the MW. Thus, a
crosstalk between factors involved in HCV replication
with individual autophagosomal factors may contribute
to the formation of the MW. During the early steps
of the HCV life-cycle, Atg5 has been described as a
proviral factor required for translation and/or delivery
of incoming viral RNA. Atg5 induces formation of
[151]
DMVs in embryonic stem cells
and was found to be
associated with the membranous web in Huh7 cells
and further colocalizes with NS4B (Table 1). Besides,
Atg5 colocalizes with the viral polymerase NS5B during
the onset of infection. This interaction is abrogated
[152]
during the course of infection
. In another study,
Beclin1, Atg4B and Atg12 were identified as additional
proviral factors required for establishment of viral
[11,153]
replication
.
Furthermore, the EE marker Rab5 has been identified
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to interact with NS4B and the autophagosomal
regulators Beclin1 and Vps34, resulting in the activation
[16]
of autophagy
(Table 1 and Figure 2). NS5A was
described to induce the formation of DMVs and
[90,150]
MMVs
and has been recently identified to induce
autophagy as it triggers fusion of the autophagosome
[15]
with the lysosome . Moreover, NS5A interacts with the
adaptor protein ARFGAP1, involved in COPI trafficking,
[95]
to stabilize the PI4P enriched environment in the MW .
[13]
In addition, Sir et al
could detect NS5A, NS5B and
viral RNA on autophagosomal structures.
Taken together, induction of autophagy is crucial
for the onset of the infection process. Interaction
between HCV NS proteins and molecules of the
autophagic pathway is required for the reorganization
of intracellular membranes resulting in the formation
of the MW.

Replication

[12]

Ait-Goughoulte et al
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[17]

of an HCV genotype 1a (clone H77) isolated in
immortalized human hepatocytes (IHH) resulted in
the accumulation of LC3B‑positive autophagic vesicles.
This could be confirmed by other groups using different
cells types and full-length as well as subgenomic
[14,17,91,154]
replicons of different virus strains
. Ke et
[21,137]
al
further demonstrated that HCV induces
complete autophagy via the unfolded protein response
(UPR) to promote viral replication. In contrast to
[14]
this, using subgenomic replicons, Sir et al
claimed
that maturation of autophagic vesicles seems to be
incomplete in HCV replicating cells, since degrada
tion of the long lived protein p62, a polyubiquitin
binding protein that is known to be degraded during
autophagy, is not enhanced. Subgenomic replicons
enable the analysis of the crosstalk between HCV
genome replication and autophagy in the absence of
processes that are triggered by virus morphogenesis
or release. Based on this, they further demonstrated
that down-regulation of Atg7 and LC3 that are crucial
for autophagosome formation reduced HCV replication.
Moreover, they were able to co-preciptate the HCV
replication complex with autophagosomes indicating
that the membranous structure of virus-induced
autophagosomes may serve as site of RNA replication
[13]
in the early state of infection . However, inhibition
of PI3K3, involved in the initial step of autophagy,
did not affect HCV replication. The data regarding
the involvement of the autophagic pathway during
HCV replication are conflicting and not completely
understood. The inconsistent results might be
explained by the use of different cell culture systems.
In vitro studies of HCV are based on human hepatoma
cell lines (Huh7). Huh7 clones behave differently
and vary in their ability to induce an innate immune
response. In line with this, it has been reported that
HCV‑induced autophagic response represses the
[11,153-155]
innate antiviral immunity
. Based on this, one
could argue that the contradictory results can be in
part deduced from the different cellular background.
In addition, the conflicting results can be referred
to different experimental settings using either full
length or subgenomic HCV replicons of different virus
strains. Nevertheless the published data indicate that
autophagy favors HCV replication.

published data). Additionally, Tanida et al
recently
observed that the silencing of Beclin-1 and Atg7
reduces the release of infectious viral particles, but
did not affect the intracellular amount of viral RNA.
Besides, they could only detect a poor colocalization of
LC3-Ⅱ with LDs, NS5A and core. Moreover, Grégoire
[18,148]
et al
observed that immunity-associated GTPase
family M (IRGM) interacts with the autophagyassociated proteins Atg5, Atg10, MAP1CLC3C and
SH3GBL1 and is involved in the activation of HCVinduced autophagy and release of viral particles (Figure
2).
These studies indicate that autophagy participates
in the release of the viral particles. However, the
detailed mechanisms are not understood. Further
studies are required to elucidate the detailed role of
autophagy for the release of HCV.

Interplay of innate immunity and autophagy in HCV
infection

Besides its role in maintaining cell homeostasis,
autophagy is involved in the defense against
[156]
pathogens
. Autophagosomes hereby deliver
intracellular pathogen-associated molecular patterns
(PAMPs) to endosomal pattern recognition receptors
(PRRs) or MHC-specific compartments in order to
[157,158]
provoke an innate or adaptive immune response
.
The innate immune response represents the first
barrier after viral infection and can be activated by
specific immune sensors (toll-like receptors (TLRs),
RIG-I-like receptors (RLRs), and the nucleotide
oligomerization domain (NOD)-like receptors) which
detect PAMPs or intracellular viral nucleic acids. It has
been described that autophagy can be directly activated
by PAMP-dependent stimulation of TLRs resulting in
[159,160]
the induction of an interferon (IFN)-response
.
Furthermore, the autolysosomal degradation of viral
particles or proteins leads to MHC class Ⅱ-dependent
antigen presentation and subsequent activation of the
[161]
adaptive immune response
. Many viruses have
developed strategies to escape the innate immune
response. Like other viruses, HCV infection triggers
an innate immune response through RIG-I/Mda5mediated IFN signaling in order to establish an antiviral
[162,163]
state
. However, to escape the induction of an
IFN-response, HCV proteins interfere with different
steps of the IFN signaling pathway. The HCV NS3/4A
protease e.g., inhibits IFN signaling via blocking
[20,149]
the RIG-I and TLR3 pathway
. In addition, HCV
interferes with the activation of the double-stranded
viral RNA‑sensing kinase protein kinase R (PKR).
HCV triggers the phosphorylation of PKR resulting in
the phosphorylation of eIF2α and the consequential
inhibition of translation including translation of ISGs.
PKR is targeted by HCV core, E2 and NS5A that
modulate the kinase activity by different mechanisms.
In hepatocarcinoma (HCC) positive cells, PKR/core
interaction results in the cell cycle arrest in the G2/
M phase due to PKR phosphorylation on Thr446.

Release

Particle assembly and release occurs in the MW and is
closely linked to the VLDL synthesis. The mature viral
particles are finally released via the secretory pathway.
However, the detailed mechanism still remains to be
elucidated. Initial experiments of our group suggested
an involvement of the autophagic pathway in the
release of the LVPs. Here, the TIP47/Rab9 complex
plays an important role (Table 1 and Figure 2) as
particles loaded with TIP47 lacking Rab9 are targeted
[134]
towards the autophagosome
. Moreover, the
inhibition of autophagolysosome formation resulted
in a decrease of released infectious viral particles (not
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Overexpression of the core protein further leads to
increased PKR activity that does not correlate with
[164]
enhanced eIF2α phosphorylation
. Moreover, the
[165]
core protein activates the expression of OAS-1
[166]
and PKR
in the HCV genotype 1b. Further
inactivation of PKR by NS5A has been described for
[167-169]
the HCV genotype 1a and 1b
. In vitro studies
indicate a PKR/E2 interaction and inhibition of PKR.
As E2 accumulates in the ER and PKR can be found
in the cystosol of the cell, in vivo studies suggest a
[170]
PKR interaction with cytosolic unglycosylated E2
resulting in the inactivation of PKR via inhibition of
[171]
PKR-like ER-resident kinase (PERK) . The paradoxon
is that the ability of HCV to partially activate PKR may
be an advantage for the virus during an IFN response
since it preferentially suppresses the translation of
[172]
ISGs
. Moreover, the activation of PKR results in
[157,173,174]
the activation of the autophagic response
.
Recent studies indicate that HCV-induced autophagy
[10,11,21,137,175]
represses the innate immune response
.
Silencing of Beclin-1 and Atg7 in immortalized human
hepatocytes (IHHs) infected with HCV restored the
IFN signaling pathway by expression of OAS‑1, IFN-α,
[20]
IFN-β, IFI-27 and induced apoptosis . In line with
this, HCV-induced autophagy augments the PAMPmediated innate immune response (Figure 2). The
silencing of autophagy or autolysosome formation
by treatment with chloroquine (CQ) and bafilomycin
(BFLA) resulted in the upregulation of the innate
[21,137]
immune response
. Moreover, recent studies
demonstrate that persistent HCV infection results in an
impaired immune response after treatment with IFNα
and Ribavirin, whereas treatment with IFNλ provokes
[175]
a strong sustained virological response . As a result,
persistent HCV infection leads to chronic ER stress and
an autophagic response followed by impaired type Ⅰ,
but not type Ⅲ IFN signaling and impaired JAKSTAT signaling. Moreover, the uptake of the antiviral
drug RBV is impaired in persistently HCV-infected
Huh7.5 cells due to a decreased surface expression
of the equilibrative nucleoside transporter-1(ENT1) as
[10]
described above . Besides its role in controlling HCVdependent innate immunity, autophagy is involved in
the survival of the HCV-infected host cell to promote
[155]
viral replication (Figure 2). Taguwa et al
observed
that cells infected with HCV genotype 1b prevented
vacuole formation by incomplete autolysosome
formation to maintain persistent infection. Besides,
it was reported that HCV induces autophagy by the
upregulation of Beclin-1 and activation of mTOR
[15]
signaling, thereby promoting hepatocyte cell growth .
Based on this, the induction of autophagy is part of
the viral escape strategy to counteract viral infection.

and to promote cell survival. As described in this
review, autophagy interferes with different steps
of the HCV life cycle to establish a persistent viral
infection. However, the detailed mechanisms are not
completely understood and remain to be elucidated.
Moreover, HCV‑induced autophagy represses apoptosis
to promote cell survival. In addition, recent studies
indicate that the HCV-induced autophagic response
interferes with antiviral immunity as it reduces the
innate immune response in HCV-infected cells. Hence,
the disruption of autophagy restores IFN signaling and
could restore the defective RBV-dependent antiviral
response in vitro. Based on this, the improvement of
existing antiviral therapies and development of new
antiviral strategies targeting the autophagosomal
response will be promising. Moreover, the development
of vaccines to eradicate HCV infection and the linked
HCV-associated pathogenesis depict an auspicious
future perspective.
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Abstract
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Although the outcome of newborns with surgical
congenital diseases (e.g., diaphragmatic hernia;
esophageal atresia; omphalocele; gastroschisis) has
improved rapidly with recent advances in perinatal
intensive care and surgery, infant survivors often
require intensive treatment after birth, have prolonged
hospitalizations, and, after discharge, may have longterm sequelae including gastro-intestinal comorbidities,
above all, gastroesophageal reflux (GER). This
condition involves the involuntary retrograde passage
of gastric contents into the esophagus, with or without
regurgitation or vomiting. It is a well-recognized
condition, typical of infants, with an incidence of 85%,
which usually resolves after physiological maturation
of the lower esophageal sphincter and lengthening
of the intra-abdominal esophagus, in the first few
months after birth. Although the exact cause of
abnormal esophageal function in congenital defects is
not clearly understood, it has been hypothesized that
common (increased intra-abdominal pressure after
closure of the abdominal defect) and/or specific (e.g.,
motility disturbance of the upper gastrointestinal tract,
damage of esophageal peristaltic pump) pathological
mechanisms may play a role in the etiology of GER in
patients with birth defects. Improvement of knowledge
could positively impact the long-term prognosis of
patients with surgical congenital diseases. The present
manuscript provides a literature review focused on
pathological and clinical characteristics of GER in
patients who have undergone surgical treatment for
congenital abdominal malformations.
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esophageal function in congenital defects is not clearly
understood, it has been hypothesized that common
(increased intra-abdominal pressure after closure of
the abdominal defect) and/or specific (e.g., motility
disturbance of the upper gastrointestinal tract,
damage of esophageal peristaltic pump) pathological
mechanisms may play a role in the etiology of GER
in patients with birth defects. Moreover, associated
anomalies, mental retardation or neurological
impairment after prematurity or chromosome
abnormality may further increase the risk of GER in
[9]
these pediatric populations . In accordance with these
data, a high frequency of gastroesophageal long-term
complications (e.g., dysphagia, esophageal strictures,
esophagitis, esophageal metaplasia and esophageal
carcinoma), failure to thrive, as well as respiratory
symptoms has been observed, compared to healthy
[10,11]
controls
. Additionally, pathological findings were
found in a high number of patients through endoscopy,
[10,12,13]
manometry and pH-measurements
. However,
it must also be remembered that literature results are
heterogeneous and often report opposing outcomes.
This is likely due to different inclusion criteria of
patients, lack of correlation in neonatal variables,
non systematic assessments, and heterogenous
[14]
therapeutic protocols used .
Hence, we wish to summarize what is currently
known on pathological and clinical characteristics of
GER in surgically-treated patients with congenital
gastrointestinal malformations.

GASTROESOPHAGEAL REFLUX

GER and congenital
diaphragmatic hernia

Gastroesophageal reflux (GER) is defined as the
involuntary retrograde passage of gastric content
into the esophagus, with or without regurgitation
[1]
or vomiting . GER is a well-recognized condition in
infants, which usually resolves after physiological
maturation of the lower esophageal sphincter (LES)
and lengthening of the intra-abdominal esophagus
[2-4]
in the first few months after birth . The incidence
of GER in infants is 85%, occurring 1.6 times more
[1]
frequently in males than in females . Prevalence of
[1]
GER decreases to 18% in childhood . This condition is
[5,6]
markedly less common in adult subjects . Generally,
it is classified into: (1) “primary”; (2) “secondary”;
and (3) “acquired” GER. Primary GER results from
a functional disorder of the proximal digestive tract,
whereas secondary GER includes structural, infectious,
metabolic, neurological and allergic disorders which
cause the passage of gastric contents into the
[7]
esophagus . Despite the fact that the majority of GER
cases are independent of congenital gastrointestinal
malformations, acquired GER can also be due to, or
[8]
favoured by congenital anomalies (Table 1); it has
been reported that GER is commonly associated with
birth defects. Although the exact cause of abnormal

Congenital diaphragmatic hernia (CDH) is a rare (1
per 2500 births) anomaly of the diaphragm, typically
characterized by abdominal organ herniation into the
[15]
chest cavity . In 84% of cases, the defect is located
[16]
on the left side of the diaphragm . Right-sided and
bilateral CDH, which occur in 14% and 2% of cases,
[16]
respectively, are associated with a worse prognosis .
Several hypothesis have been proposed to explain
the embryologic events leading to CDH, and several
genetic (e.g., structural abnormalities of chromosomes,
[17]
aneuploidies, genetic syndromes) and environmental
[11]
(impaired retinoic acid pathway)
factors may play a
role in the development of CDH. CDH can present as an
isolated defect or in combination with other congenital
[18]
anomalies
and includes pulmonary, neurological
and gastro-intestinal, especially GER, comorbidities.
GER is a common complication in CDH survivors
and incidence is 20%-84% during the first year of
[19]
life . A prevalence of 63% was reported in adult
survivors of CDH, co-existing with Barrett’s esophagus
[20,21]
in 54%
. The mechanisms responsible for GER
in CDH survivors have not been clarified and several
theories have been proposed. Esophageal dysmotility
and ectasia, maldevelopment or weakness of the

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

Core tip: Although the outcome of newborns with
surgical congenital diseases has improved rapidly
with recent advances in perinatal intensive care and
surgery, infant survivors often may have long-term
sequelae including, above all, gastroesophageal reflux
(GER). Common or specific pathological mechanisms
may play a role in the etiology of GER in patients
with birth defects. The improvement of knowledge
of long-term outcome and follow-up could positively
impact the long-term prognosis of newborns with
surgical congenital diseases. The present manuscript
provides a literature review focused on pathological
and clinical characteristics of GER in patients who have
undergone surgical treatment for congenital abdominal
malformations.
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affected newborns exhibiting an intrathoracal position
[14]
of the liver need such surgical correction . However,
it is difficult to accurately compare results of studies
conducted on GER-related CHD as many aspects of
the disease are still unknown and, additionally, each
study varies regarding CDH severity, postoperative
CDH management and follow-up period. Furthermore,
predictive factors for late GER could not be identified
and screening for early GER does not protect from
future GER; therefore, long-term follow-up for GER in
[30,35-37]
CDH survivors is mandatory
.

Table 1 Incidence of gastroesophageal reflux in children and
adults affected by gastrointestinal congenital defects
Congenital defects
Congenital
diaphragmatic hernia
Esophageal atresia
Omphalocele
Gastroschisis
Intestinal malrotation

Incidence GER in
childhood
20%-84%
Arena 2008
50%
Koivusalo 2007
50%-70%
Beaudoin 1996
50%-70%
Beaudoin 1996
79%
Jolley 1985

Incidence GER in
adulthood
20%
Koivusalo 2005
45%
Ijsselstijn 2013
Equal to healthy subjects
Koivusalo 1999
Equal to healthy subjects
Koivusalo 1999
1.2%
Nehra 2011

GER and esophageal atresia

GER: gastroesophageal reflux.

Esophageal atresia (EA) is the most common esophageal
[38,39]
malformation; incidence is 1 in 3500 live births
.
Classification of EA anomalies is determined by the
location of the atresia and by the presence of any
associated fistula to the trachea. Five different variants
have been clinically described. The primary types of
congenital EA are: EA with distal tracheoesophageal
fistula (TEF) (85%, Vogt Ⅲb, Gross C), isolated EA
without TEF (8%, Vogt Ⅱ, Gross A), TEF without
atresia or H-type TEF (4%, Gross E), EA with proximal
TEF (3%, Vogt Ⅲ, Gross B) and EA with proximal
[40,41]
and distal TEF (< 1%, Vogt Ⅲa, Gross)
. The
outcome following EA/tracheoesophageal fistula
(EA/TEF) repair is variable. Some patients have an
uneventful postoperative period, while others reported
several complications that can significantly affect
their health through adulthood, including GER. GER
is so often recognized in survivors of neonatal repair
of esophageal atresia and tracheoesophageal fistula
(EA/TEF) that it has become a component of this
malformation: approximately 50% of these patients
[42]
had GER during infancy , and this proportion
[43]
tends to increase over time . The presence of
GER is generally believed to be due to an intrinsic
deficiency in the motor function of the stomach and/or
[44]
esophagus . Authors assessed that delayed gastric
emptying and antral hypomotility, important factors
predisposing to GER, are frequent in long-term follow[45,46]
up of patients operated on for EA-TEF
. Esophageal
dysfunction has also been reported after successful
repair of EA in 20 newborns with EA by recording
intraluminal pressure of both proximal and distal
[47]
segments . In addition, abnormal motility might
affect esophageal clearance, resulting in abnormal
bolus clearance, decreased clearance of refluxed
materials, dysphagia, severe mucosal damage,
[48]
esophagitis and, possibly, esophageal carcinoma . It
is likely that GER is exacerbated by surgical repair and
gastrostomy, causing an alteration of the anatomical
[49-51]
gastro-esophageal junction and the angle of His
.
Esophageal anastomosis under tension displaces the
gastroesophageal junction upwards, diminishing the
[52]
efficiency of the antireflux barrier . The esophageal
peristaltic pump, another antireflux barrier, is also

crura, shortening of the esophagus, disruption of the
angle of His, intestinal malrotation, and a higher intraabdominal pressure after surgical repair are possible
[22]
explanations of GER in CDH . Additionally, the
diaphragmatic sling may be malformed or absent, and
repair changes the anatomy of the region. Moreover,
abnormality of the esophageal dimensions might also
contribute to development of GER. This pathological
condition might be congenital or acquired, resulting
from extrinsic pressure on the mediastinum exercised
[23]
by the herniated viscera . Furthermore, malrotation
may delay gastric emptying, and the abnormal balance
of pressures in the thorax and abdomen, during
respiratory cycle, facilitates retrograde passage of
[24]
gastric contents to the esophagus . There is evidence
of abnormal enteric innervation in CDH and it is likely
[25]
that esophago-gastric peristalsis is impaired . Finally,
studies reported that preoperative thoracic position of
the stomach and/or an inappropriate intra-abdominal
position or volvulus of the stomach after surgical
treatment could cause intragastric stasis of food and,
[26,27]
therefore, GER
.
Several authors have attempted to define clinical
variables that may predict GER. A significant relationship
has been found between duration of ventilatory support
[20,28]
and GER
. Postoperative intolerance of enteral
feedings and prolonged hospitalization were also found
[20]
predominantly in patients with GER . Finally, size
of diaphragmatic defect and use of prosthetic patch
[29]
could influence incidence of GER in CDH patients .
GER can complicate pre-existing respiratory disease
and, in the light of abovementioned pathological
[25]
pathways, responds poorly to medical treatment .
However, authors reported satisfactory improved
clinical parameters in patients treated conservatively by
maintaining supine position, by frequent administration
of small amounts of oral nutrition, and by medical
[30-32]
treatment
. Antireflux surgery may be an option
for patients after failed medical therapy, although
long-term success rate of this procedure has yet to
[33]
be proven . A prophylactic fundoplication has also
[34]
been proposed in patients with CDH . Up to 23% of
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damaged in EA/TEF due to deficient arrangement of
the muscle layers and damage to the innervation of
the repaired esophagus. Moreover, extrinsic innervation
by branches of the vagus and laryngeal nerves, and
also intrinsic innervation, are congenitally deficient
[53]
in EA . In addition, gastrostomy, sometimes used
[54]
in the treatment of EA/TEF, facilitates GER . Finally,
tracheomalacia and/or tracheal stenosis, which are
relatively common in EA/TEF newborns, cause airway
obstruction and induce GER by exaggerating negative
inspiratory force and increasing the abdomino-thoracic
[53]
pressure gradient . However, to date, it is unclear if
these abnormalities exist immediately after EA repair
or if they develop over time. Although studies suggest
that motility disorders are also present in esophageal
[47]
atresia before surgery , published studies do not
allow us to conclude whether GER is congenital
[55]
(abnormal innervation) or acquired due to inevitable
[56]
damage during surgical reconstruction .
Although GER manifests itself by vomiting, failure
to thrive, and respiratory symptoms, it has been
shown that symptoms of GER and histologic findings
are poorly correlated, raising doubts regarding correct
management. Generally, a post-operative long-term
endoscopic and pH-metric follow-up of all patients is
warranted. Endoscopic follow-up is recommended for
all surgically treated patients irrespective of symptoms.
Endoscopic follow-up of children with completely
normal esophageal biopsies can be discontinued at 3
years of age. In patients with mild esophagitis, routine
follow-up should be extended to at least 6 years of
[43]
age . As EA/TEF newborns with GER do not benefit
[57]
from postural, dietary or prokinetic treatments ,
primarily surgery may be required, especially in the
case of refractory anastomotic stenosis, pure and long[58]
gap EA, and duodenal atresia . Patients who have
undergone anti-reflux surgery should also be followed
[43,59]
long-term
. Nevertheless, some authors refuse to
perform fundoplication as esophageal motility, in these
children, is poorly known. Moreover, to date, there is
no randomized trial that has evaluated treatment of
GER in children with EA with fundoplication vs. acid
[60]
suppressive medication . Certainly, several studies
have shown that the persistence of GER might increase
the risk of long-term complications, such as dysphagia,
esophageal strictures, esophagitis, esophageal meta
plasia and esophageal carcinoma in children and
[61]
adults born with EA compared to healthy controls .
In conclusion, there are no well-outlined algorithms
for medical and/or surgical therapy. Standardized
protocols and reliable reporting are necessary to
develop guidelines to better manage postoperative
[62,63]
GER in EA/TEF patients
.

in infants with congenital abdominal wall defect
[64,65]
(CAWD), including omphalocele and gastroschisis
.
Incidence of GER in these patients has been reported
[66]
to be between 50% and 70% . Moreover, associated
anomalies (e.g., esophageal atresia, duodenal atresia
and diaphragmatic hernia), chromosome abnormality,
and neurological impairment can strongly increase the
[9]
likelihood of GER . Although it has been hypothesized
that the etiology of GER in patients with CAWD is both
related to increased intra-abdominal pressure after the
closure of the abdominal defect and gastrointestinal
[67]
motility disturbance , the etiology of GER related to
omphalocele or gastroschisis is still under study.
Omphalocele, a ventral defect of the umbilical ring
resulting in herniation of the abdominal viscera, is one
of the most common congenital anterior abdominal wall
[68]
defects. It occurs in 1 in 3000 to 10000 live births
and is characterized by the absence of abdominal
muscles, fascia, and skin due to the defective closure
of the abdominal wall in the embryo before 9 weeks of
gestation. The malformation causes herniation of the
abdominal contents, covered by a membranous sac
consisting of peritoneum and amnion, into the base of
[69]
the umbilical cord . In infants with omphalocele, the
incidence of GER considerably exceeds that of control
[70]
group children . It is hypothesized that in patients
with a large omphalocele and severely underdeve
loped abdominal cavity, GER is favored by the high
postoperative intra-abdominal pressure after repair of
[71]
[66]
the defect . Furthermore, Beaudoin et al
reported
that infants affected by large omphaloceles had an
increased risk of GER, especially where primary closure
with skin or silo only was possible. A high incidence of
GER in omphalocele patients was described above all
during the first few years of life; it appears that GER
clearly improves after infancy and, later childhood
symptoms are less marked and easily controlled with
[70]
medication . In light of these data, routine diagnostic
workup (endoscopy and pH monitoring) for GER is
warranted for children with omphalocele during the
first year of life. If GER is diagnosed, medical treatment
should be started and long-term follow-up might be
arranged if it persists. Additionally, older patients with
omphalocele should undergo GER evaluation in the
[70]
presence of GER-related symptoms .
Gastroschisis is defined as an extraumbilical
herniation of bowel without covering sac through an
anterior abdominal wall defect. It occurs in about
[71]
one in 600 live births . Gastroschisis could be
the result of amniotic damage, possibly from some
as yet unidentified toxin. Further bowel damage
can be explained by the subsequent mesenteric
[72]
injury . Infant mortality with gastroschisis has been
markedly reduced in the last decade by new surgical
techniques, improved metabolic monitoring, and
total parenteral nutrition. On the other hand, to date,
late complications of gastroschisis are emerging as
clinical problems, with the longer survival of affected
newborns. Some gastrointestinal complications, such
[70]
as GER, have been described . To date, it is not clear

GER and congenital abdominal
wall defects: omphalocele and
gastroschisis
GER is considered a common pathological finding
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if evidence of reflux stems from failure of the lower
esophageal sphincter (LES) or from problems that
[71]
[70]
“look like” GER . However, Koivusalo et al reported
that, in infants with gastroschisis, when normal
bowel motility was surgically restored, the prevalence
of GER did not exceed that of healthy children. In
gastroschisis, GER may be secondary to operative
reduction of the bowel which, in turn, can distort the
stomach and the angle of His, suggesting one cause
[73]
for a major incidence of reflux in these infants . In
addition, clinical and experimental models supported
evidence that intestinal dysmotility may contribute
to GER and to formation of hiatal hernia. Recently, a
study has described a high incidence of associated
hiatal hernia in gastroschisis patients. The presence of
large associated hiatal hernia is correlated with severe
GER, delayed feeding, requirement for antireflux
surgery, and a prolonged hospital stay. Although
the role of dysmotility in GER-related gastroschisis
[74-76]
has not been clearly defined
, Jadcherla et
[77]
al
reported impaired feeding milestones, basal
pharyngoesophageal peristaltic failure and less
frequent peristaltic reflexes of the upper and lower
esophageal sphincters in neonates with gastroschisis.
In an experimental model, a decreased number of
interstitial cells of Cajal (intestinal pacemaker cells)
have been found, and neuronal abnormalities might
[77,78]
further justify intestinal dismotility
. Additionally,
authors assessed that animal models, with carb
oxypeptidase-like protein deficiency, had a very similar
abdominal wall defect to human gastroschisis and also
exhibited absence of intestinal pacemaker cells and
[79]
delayed neuromuscular development .
The clinical course of GER-related to gastroschisis
[80]
is still unclear . Patients with gastroschisis should
undergo GER evaluation only in the presence of GER[70]
related symptoms . Koivusalo and collaborators
reported that in CAWD patients, compared to a general
population, the quality of life and morbidity from
acquired disorders are similar and rarely cause serious
[71]
problems . Conversely, in the presence of large
hiatal hernia (Ⅱ or Ⅲ type), with severe, medically
refractory GER, this selected patient population might
[81,82]
require antireflux surgery
.

of IM in infants and children beyond the neonatal
period is difficult to estimate, as such anomalies may
remain asymptomatic and undetected throughout life.
Approximately 50% to 70% of cases are diagnosed
during the neonatal period; about 50% present in the
first week of life, and over 60% present before the end
[86,87]
of the first month
. Male infants are more frequently
[88]
[89]
affected than female infants . Wang et al classified
IM into four categories: non-rotation, malrotation,
reversed rotation, and paraduodenal hernia. Due to
the lack of normal intestinal mesenteric fixation, IM
may present with acute or chronic symptoms. Acute
symptoms are due to duodenal obstruction, with or
without midgut volvulus, and sudden infant death.
Chronic symptoms, due to intermittent intestinal
obstruction, include abdominal pain, bloating
or constipation, postprandial fullness, epigastric
[90]
discomfort, early satiety, and GER . The association
between GER and IM has been well described. In a
series of 74 children undergoing Nissen fundoplication
for persistent GER unresponsive to intensive medical
treatment, there was an unexpectedly high incidence
[91]
of IM . Moreover, the high incidence of GER and
the significant improvement after correction of
malrotation further show the relationship between
[92]
delayed gastric emptying and GER . In light of
these data, delayed or impaired gastric emptying
in IM are thought to be contributing factors in the
development of GER. Using gastric emptying studies
and esophageal pH monitoring, authors assessed that
gastric dysmotility and esophageal pH abnormalities
were highly prevalent in children with malrotation
compared with children only affected by isolated
[93]
GER . It has been hypothesized that, in infants
with IM, reversed gastric peristaltic waves, especially
during fetal development lead to defects of the plexus
[85]
myentericus, favouring GER . In addition, the high
prevalence of GER in infants affected by IM suggests
that an impaired gastroesophageal junction may result
from the same embriological defect that leads to the
interference of normal intestinal rotation and fixation
[85]
during fetal development . Conversely, no sufficient
literature data supported the mechanical gastric-outlet
obstruction as a factor promoting GER; a high GER
prevalence persisted despite the relief of gastric-outlet
[90,94]
obstruction with a successful Ladd operation
.
Generally, the course of treated infants with
GER and IM depends on the presence or absence of
symptoms to suggest GER. The course in symptomatic
newborns is similar to infants with GER without IM,
thus, their outcomes are related to reflux pattern
[67]
type . Conversely, asymptomatic patients with GER
have a better prognosis. However, these latter might
continue to have GER, during follow-up, favouring
[85,95]
Barrett esophagus in children
. Therefore, the high
prevalence of GER in infants with IM requires careful
evaluation and follow-up.

GER and intestinal malrotation
Intestinal malrotation (IM) is defined as an anomaly
[83]
of rotation and fixation of the midgut . Malrotation
of the intestinal tract is a product of a well-defined
aberrant embryology. It usually occurs due to
incomplete rotation or a complete failure of rotation
of the primitive intestinal loops around the superior
[84]
mesenteric artery axis in the fetal period . IM is
found either alone or in combination with other
[85]
congenital anomalies, including CHD and CAWD .
IM is a rare disorder, found in only approximately
one per 10000 individuals. However, the incidence
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CONCLUSION
Despite the fact that the majority of GER cases
are independent of congenital gastrointestinal
malformations, GER is most common in patients
[5,6]
with congenital gastrointestinal diseases . GER can
further worsen birth defects and favour the onset of
related comorbidities, constituting the most prevalent
[96,97]
complication in long-term follow-up
. However,
to date, long-term outcome and follow-up data after
surgical repair are limited. Improvement of knowledge
could positively impact the long-term prognosis of
these patients who, benefiting from a more intensive
follow-up program, would avoid gastroenterological
symptoms and/or comorbidities during adulthood.
Additionally, this might lead to an era of “individualised”
management, identifying specific selection criteria
for medical and/or surgical treatment, especially for
[98-100]
younger children with longer life expectancy
.
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REVIEW

Alcohol liver disease: A review of current therapeutic
approaches to achieve long-term abstinence
María Luisa Gutiérrez García, Sara Blasco-Algora, Conrado M Fernández-Rodríguez

Abstract

María Luisa Gutiérrez García, Sara Blasco-Algora, Conrado
M Fernández-Rodríguez, Service of Gastroenterology, Hospital
Universitario Fundación, Alcorcón, Av Budapest-1, 28922
Alcorcón, Madrid, Spain

Harmful alcohol drinking may lead to significant damage
on any organ or system of the body. Alcoholic liver
disease (ALD) is the most prevalent cause of advanced
liver disease in Europe. In ALD, only alcohol abstinence
was associated with a better long-term survival.
Therefore, current effective therapeutic strategy should
be oriented towards achieving alcohol abstinence or a
significant reduction in alcohol consumption. Screening
all primary care patients to detect those cases with
alcohol abuse has been proposed as population-wide
preventive intervention in primary care. It has been
suggested that in patients with mild alcohol use disorder
the best approach is brief intervention in the primary
care setting with the ultimate goal being abstinence,
whereas patients with moderate-to-severe alcohol
use disorder must be referred to specialized care
where detoxification and medical treatment of alcohol
dependence must be undertaken.
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Core tip: Current pharmacological treatment to improve
long-term survival in patients with alcohol liver disease
has failed to achieve this goal. In addition, no major
drug development is expected on this field for the next
few years. We have described a potential itinerary
from management of acute complications from alcohol
abuse such as Delirium Tremens or Wernicke´s encep
halopathy to prevention and long-term clinical support
and monitoring of patients with harmful alcohol
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consumption. We think our review will provide useful
practical guidelines to clinicians dealing with these
patients.

by using questionnaires and asking about drinking
habits (screening) to initiate advice on abstinence or
effectively reduce alcohol consumption.
The combination of universal screening in primary
care setting to detect patients with alcohol abuse and
a brief counseling intervention has been proposed as
[12]
population-wide preventive intervention .
Effective treatment of ALD to reduce alcohol
consumption or to achieve complete alcohol abstinence
must be based on a multidisciplinary approach
which should include public health intervention,
addiction behavior and alcohol-induced organ injury
[13]
management . It has been suggested that in patients
with mild alcohol use disorder the best approach is
brief intervention in the primary care setting where
goal is abstinence whereas in patients with moderatesevere alcohol use disorder must be referred to
[14]
specialized care .
We performed a review and discussion of the
current interventions in alcohol use disorders focused
on strategies oriented (towards) to achieving longterm abstinence, including screening, psychosocial
intervention and currently available pharmacological
therapy.

Gutiérrez García ML, Blasco-Algora S, Fernández-Rodríguez
CM. Alcohol liver disease: A review of current therapeutic
approaches to achieve long-term abstinence. World J
Gastroenterol 2015; 21(28): 8516-8526 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i28/8516.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i28.8516

INTRODUCTION
While alcohol consumption is commonly accepted and
associated with social activity and recreation, some
people drink exceedingly high amounts of alcohol and
may experience physical, psychological and social
[1]
devastating effects . Although reliable epidemiological
data on damaging alcohol consumption are lacking, it
is estimated that it is responsible for 3.8% of global
[2-4]
mortality and for 6.5% of deaths in Europe .
The terms alcohol abuse and alcohol dependence
as defined by the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV), have
been replaced by one diagnosis, alcohol use disorders
[5]
in the DSM Fifth Edition (DSM-V) . Alcohol abuse
is similar to mild alcohol use disorder and alcohol
dependence comparable to moderate to severe alcohol
use disorder. Medical consequences of harmful alcohol
drinking may become manifest on any organ or
system of the body, consumption levels above 25 g/d
of ethanol significantly increased risk of mortality from
[6]
liver cirrhosis .
Alcoholic liver disease (ALD) is the most prevalent
cause of advanced liver disease in Europe, but
mortality due to alcoholic cirrhosis separate out from
[7,8]
non-alcoholic cirrhosis is not easy to determine .
Alcohol abstinence is the most important goal in
patients with ALD, as abstinence reduces progression
[9]
to liver cirrhosis and improves long-term survival .
Recently, the trial STOPAH which included a large
cohort of 1103 patients with alcohol liver disease
shown that neither prednisolone or pentoxifylline
provided benefit in terms of long-term survival in a
sub-analysis, only patients who maintained alcohol
[10]
abstinence achieved better long-term survival , these
results highlight the importance of orientating current
therapeutic efforts to achieve alcohol abstinence or
to minimize alcohol consumption as no new effective
specific drug development to treat alcohol liver disease
is expected to emerge in the next few years.
While health strategies on harmful alcohol con
sumption should include large-scale priorities such
[11]
as tax policies to reduced levels of consumption
at
clinical level it should be emphasized the importance of
identifying patients with abuse and alcohol dependence
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SCREENING
Screening for alcohol disorders in primary care can
range from one simple question to an extensive
[15-18]
assessment using a standardized questionnaire
.
Questions about alcohol use should be asked to
all patients on an annual basis or in response to
clinical suspicion on problems that may be alcohol
[19-21]
related
. The best approach in primary care for
detecting unhealthy alcohol use is the implementation
of a brief validated questionnaire. There are several
questionnaires that can identify alcohol use disorders:
[22,23]
the CAGE test
, the Michigan Alcoholism Screening
[24,25]
Test (MAST)
and the Alcohol Use Disorders
[26-29]
Identification Test (AUDIT)
(Table 1). The AUDIT
is the most extensively validated test though it is not
sufficiently brief (it contains 10 items and a scoring
[26]
index of 0-40) . A score of 8 or greater suggests
detrimental alcohol use, and a score of 20 or greater
alcohol dependence. The AUDIT includes questions
about the quantity and frequency of alcohol use, as
well as binge drinking, dependence symptoms, and
alcohol-related problems. The AUDIT-C is a shorter
version of the AUDIT and includes the first 3 items on
excess consumption of the original but still requires
[30,31]
scoring
.

BRIEF INTERVENTION
Patients with positive screening results must be
treated with a brief intervention in primary care
level. This intervention can help patients with mild
[32]
alcohol use disorders ; however it has also been
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Table 1 Alcohol use disorders identification test (audit)
How often do you have a drink containing alcohol?
(0) Never [Skip to Qs 9-10]
(1) Monthly or less
(2) 2 to 4 times a month
(3) 2 to 3 times a week
(4) 4 or more times a week
How many drinks containing alcohol do you have on a typical day when you are drinking?
(0) 1 or 2
(1) 3 or 4
(2) 5 or 6
(3) 7, 8, or 9
(4) 10 or more
How often do you have six or more drinks on one occasion?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
Skip to questions 9 and 10 if total score for questions 2 and 3 = 0
How often during the last year have you failed to do what was normally expected from you because of drinking?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
How often during the last year have you had a feeling of guilt or remorse after drinking?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
How often during the last year have you had a feeling of guilt or remorse after drinking?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
How often during the last year have you had a feeling of guilt or remorse after drinking?
(0) Never
(1) Less than monthly
(2) Monthly
(3) Weekly
(4) Daily or almost daily
How often during the last year have you been unable to remember what happened the night before because you had been drinking?
(0) Never
(1) Less than monthly

[34]

a brief intervention . Rollnick created a 12-question
to change “readiness to change” questionnaire for use
[35]
in matching intervention techniques . Awareness of
readiness can be used to provide an appropriate brief
[36,37]
intervention
.
The Key components of successful brief intervention
are summarized by the acronym FRAMES: Feedback of
Personal Risk, Responsibility of the Patient, Advice to
Change, Menu of Ways to Reduce Drinking, Empathetic
Counseling Style and Self-Efficacy or Optimism of the
[26]
patient . Goal setting, follow-up and timing also have
been identified as important to the effectiveness of
brief intervention.
The efficacy of brief intervention has been demon
strated in many studies in patients with non-alcohol[38,39]
dependence
. A meta-analysis found that brief

used to motivate alcohol-dependent patients to enter
specialized treatment. The goals for non-dependent
individuals include either reduction or advice for safe
alcohol consumption.
The active elements of brief intervention are a
repeated message from clinicians to patients. Brief
intervention with proven efficacy is generally restricted
to four or fewer sessions, each session lasting from
a few minutes to an hour, and is designed to be
conducted by professionals who are not specialists in
[33]
addictions treatment .
Individuals are most likely to initiate behavior
changes when they perceive that they have a problem,
but some patients are not ready for changes when
brief intervention begins, therefore, it is important to
assess patient willingness to change when beginning
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Screening AUD
AUDIT test

AUDIT test > 20
Moderate-severe AUD
(alcohol dependence)

AUDIT test > 8
Mild AUD
(Alcohol Abuse)

Primary care

Specialized care

Brief interventions
Pharmacotherapy for
alcohol dependence

Detoxification
CIWA-Ar scale

CIWA-Ar Scale < 8
Mild AWS

Observation

CIWA-Ar Scale 8-15
Moderate AWS

CIWA-Ar Scale > 15
Severe AWS

Inpatient treatment

Ambulatory treatment

Figure 1 Algorithm of management and treatment of alcohol use disorder. AUD: Alcohol use disorder; AWS: Alcohol withdrawl syndrome; AUDIT: Alcohol use
disorder identification test; CIWA-Ar: Clinical institute withdrawal assessment from alcohol-revised.

intervention decreased the proportion of patients
[40]
drinking risky amounts of alcohol one year later .

severe withdrawal symptoms so in-patient referral
is more appropriate to close monitoring to prevent
seizures and delirium tremens development.

DETOXIFICATION

Benzodiazepines

Detoxification is the process of weaning a person
from a psychoactive substance in a safe and effective
manner by gradually tapering the dependence
producing substance or by substituting it with a crosstolerant pharmacological agent and tapering it. This
process minimizes the withdrawal symptoms, prevents
complications and hastens the process of abstinence
from the substance in a more gentle way.
Alcohol is a central nervous system depressant;
therefore sudden cessation of alcohol in the chronic
user results in over-activity of the central nervous
system that results in the alcohol withdrawal syndrome
which includes insomnia, anxiety, increased pulse and
respiration rates, body temperature, blood pressure
[5,41-43]
and hand tremors
. Once a patient is diagnosed
with alcohol withdrawal syndrome, severity may be
quantified by using the Clinical Institute Withdrawal
[44,45]
Assessment for Alcohol -revised (CIWA-Ar) scale
(Figure 1). Scores on the CIWA-Ar range from 0 to
67; scores lower than 8 indicate mild withdrawal
symptoms so detoxification may not be needed, scores
from 8 to 15 indicate moderate withdrawal symptoms
so detoxification may be done in an outpatient clinic
setting, and symptoms are likely to respond to low
doses of benzodiazepines, while scores ≥ 15 indicate
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Benzodiazepines are considered the “gold-standard”
treatment of alcohol withdrawal syndrome to reduce
symptoms and to prevent progression from minor
[46]
withdrawal symptoms to major ones . These drugs
exert their effect via stimulation of GABA receptors,
leading a decrease in neuronal activity and relative
[47]
sedation . Long-acting benzodiazepines (chlordia
zepoxide, diazepam) are preferred to prevent or to
treat alcohol withdrawal because their effect results
in a smoother course with less chance of recurrent
withdrawal or seizures. Short and-intermediate-acting
benzodiazepines (lorazepam, oxazepam) are preferred
in patients with advanced age, liver failure, respiratory
[48]
failure and other serious medical co-morbidities .
Patients with seizures or delirium tremens require
intravenous therapy with benzodiazepines. Refractory
[49-51]
delirium tremens can be treated with propofol
.

Anticonvulsants

Carbamazepine and valproate have been studied as
an alternative to benzodiazepines in the treatment of
alcohol withdrawal, but they have not been consistently
[52-54]
proven to be better than benzodiazepines
. They
may be considered in mild withdrawal states due
to their advantages of lower sedation and lower
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chances of dependence or abuse potential. Their use
[55]
is not recommended in severe withdrawal states .
Other anticonvulsants have been studied in alcohol
withdrawal syndrome such as gabapentin, tiagabine
and phenytoin but they have not shown significant
advantages.

agent disulfiram are widely available pharmacotherapy
[68,69]
for alcohol dependence
. Because of its longstanding availability, clinicians may be more familiar
[70]
with disulfiram than with naltrexone or acamprosate .
When clinicians decide to use one of the medications,
a number of factors may help in choosing which
medication to prescribe, such as efficacy, administration
frequency, cost, adverse effects and availability.

Miscellanea

Baclofen is a GABA-B agonist receptor which has shown
effectiveness in reducing withdrawal symptoms and
[56,57]
in reducing the risk of relapse after detoxification
.
Beta-blocker drugs and alpha-2 blockers clonidine
may be helpful in combination with benzodiazepines
[58]
to reduce persistent noradrenergic symptoms . Antiglutamaergic medications (lamotrigine and topiramate)
are superior to placebo but have not shown significant
[59]
advantages over diazepam .

Disulfiram

Pharmacotherapy of alcohol was initiated in 1950
and consisted only of disulfiram, a drug that does not
directly influence motivation to drink, but discourages
drinking by causing an unpleasant physiologic reaction
when alcohol is consumed. Disulfiram is an aldehyde
dehydrogenase inhibitor that results in accumulation
of acetaldehyde in the blood (the alcohol primary
metabolite), these unpleasant effects driven by alcohol
consumption include headache, dyspnoea, arterial
hypotension, flushing, sympathetic over-activity,
palpitations, nausea and vomiting. Only three trials
investigated disulfiram using a randomized double[71-73]
blind, placebo-controlled design
. One study
reported a higher abstinence rate (54% vs 15%) and
higher cumulative abstinence duration (69 d vs 30 d)
for disulfiram. Two other large studies however, could
not show disulfiram superiority with regard to total
abstinence for disulfiram vs placebo. Unfortunately,
well-designed controlled trials of disulfiram did not
[74,75]
show overall reductions in alcohol consumption
.

Supportive care

Nutritional support is essential as alcoholic patients are
frequently malnourished and have high metabolic needs
[13]
due to their autonomic over-activation . Effective
circulating blood volume deficits must be replaced.
Wernicke’ s Encephalopathy (WE) results from cell
[60]
damage due to chronic thiamine deficiency . This can
be prevented by administering parenteral thiamine.
All patients suffering alcohol withdrawal should receive
[61]
parenteral thiamine for 3-5 d . Due to chronic
malnutrition, prescription of multivitamin supplements
[62-64]
is recommended
.

Naltrexone

PHARMACOTHERAPY FOR ALCOHOL
DEPENDENCE

It is an opioid antagonist that acts through the mu[76]
opioid receptors blockade . Its efficacy in reducing
alcohol consumption has been demonstrated in meta[70,77]
analyses of clinical trials
. A 2010 meta-analyses
of 50 randomized trials with 7793 alcohol-dependent
patients found that naltrexone reduced the heavy
drinking relapse rate by 83% as compared with the
placebo group and decreased drinking days by about
[77]
a 4% . Naltrexone may be particularly effective
[78]
in patients with genetic susceptibility . Naltrexone
exists in two formulations: oral and intramuscular.
Slow-release preparations may improve adherence
by reducing the frequency of medication from daily to
monthly and a large randomized trial demonstrated
[79]
its efficacy . Side effects of naltrexone are nausea,
headache, dizziness and elevation in liver enzymes.
Liver enzymes should be monitored periodically during
naltrexone treatment, and given the potential for
hepatotoxicity, has not been studied in patients with
ALD thus its administration is not recommended in this
[13]
population .

As mentioned, alcohol abstinence is the most important
goal in patients with ALD, as it reduces progression
[9]
to liver cirrhosis and improves long-term survival .
Alcohol detoxification is often the first step in the
treatment of alcohol dependence. After detoxification,
the vast majority of alcohol dependent patients suffer
[40]
from relapses . Improvement of the treatment
outcome can be achieved by combining psychosocial
with pharmacological interventions. Pharmacotherapy is
generally recommended for maintenance of abstinence.
Medical treatment of alcohol is based on modulating
neurotransmitter systems which mediate reinforcement
[65]
effects of alcohol use . Alcohol dependence represents
a heterogeneous disorder that results from a complex
interplay between genetic and environmental factors,
which differ from patient-to-patient, it seems unlikely
that one single medication could show efficacy in the
[66,67]
majority of alcohol-dependent patients
. With the
goal of abstinence in mind, the patient must be treated
for at least six months with an additional six months
period of follow-up.
Currently the anti-craving compounds acamprosate
and naltrexone as well as the aversion therapeutic
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Acamprosate

Acamprosate acts as a modulator of the glutamataergic
[80]
receptor system . Its efficacy in reducing alcohol
consumption has been demonstrated in meta-analysis
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Table 2 Clinical institute withdrawal assessment of alcohol scale, revised (CIWA-ar)
Clinical institute withdrawal assessment of alcohol scale, revised (CIWA-AR)
Patient:_____ Date: _____ Time: _____ (24 h clock, midnight = 00:00)
Pulse or heart rate, taken for one minute:_____ Blood pressure:_____
Nausea and vomiting -- Ask "Do you feel sick to your stomach? Tactile disturbances -- Ask "Have you any itching, pins and needles sensations,
Have you vomited?" Observation
any burning, any numbness, or do you feel bugs crawling on or under your skin?"
Observation
0 no nausea and no vomiting
0 none
1 mild nausea with no vomiting
1 very mild itching, pins and needles, burning or numbness
2
2 mild itching, pins and needles, burning or numbness
3
3 moderate itching, pins and needles, burning or numbness
4 intermittent nausea with dry heaves
4 moderately severe hallucinations
5
5 severe hallucinations
6
6 extremely severe hallucinations
7 constant nausea, frequent dry heaves and vomiting
7 continuous hallucinations
Visual disturbances -- Ask "Does the light appear to be too
Auditory disturbances -- Ask "Are you more aware of sounds around you? Are they
bright? Is its color different? Does it hurt your eyes? Are you
harsh? Do they frighten you? Are you hearing anything that is disturbing to you? Are
seeing anything that is disturbing to you? Are you seeing
you hearing things you know are not there?" Observation
things you know are not there?" Observation
0 not present
0 not present
1 very mild sensitivity
1 very mild harshness or ability to frighten
2 mild sensitivity
2 mild harshness or ability to frighten
3 moderate sensitivity
3 moderate harshness or ability to frighten
4 moderately severe hallucinations
4 moderately severe hallucinations
5 severe hallucinations
5 severe hallucinations
6 extremely severe hallucinations
6 extremely severe hallucinations
7 continuous hallucinations
7 continuous hallucinations
Tremor -- Arms extended and fingers spread apart.
Paroxysmal sweats -- Observation
Observation
0 no tremor
0 no sweat visible
1 not visible, but can be felt fingertip to fingertip
1 barely perceptible sweating, palms moist
2
2
3
3
4 moderate, with patient's arms extended
4 beads of sweat obvious on forehead
5
5
6
6
7 severe, even with arms not extended
7 drenching sweats
Anxiety -- Ask "Do you feel nervous?" Observation
Headache, fullness in head -- Ask "Does your head feel different? Does it feel like there is
a band around your head?" Do not rate for dizziness or lightheadedness. Otherwise, rate
severity
0 no anxiety, at ease
0 not present
1 mild anxious
1 very mild
2
2 mild
3
3 moderate
4 moderately anxious, or guarded, so anxiety is inferred
4 moderately severe
5
5 severe
6
6 very severe
7 equivalent to acute panic states as seen in severe delirium or 7 extremely severe
acute schizophrenic reactions
Agitation -- Observation
Orientation and clouding of sensorium -- Ask "What day is this? Where are you? Who
am I?"
0 normal activity
0 oriented and can do serial additions
1 somewhat more than normal activity
1 cannot do serial additions or is uncertain about date
2
2 disoriented for date by no more than 2 calendar days
3
3 disoriented for date by more than 2 calendar days
4 moderately fidgety and restless
4 disoriented for place/or person
5
6
7 paces back and forth during most of the interview, or constantly thrashes about
Total CIWA-Ar Score ______
Rater's Initials ______
Maximum Possible Score 67
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[66,81-83]

[99-102]

of clinical trials
. A 2010 meta-analysis of 24
randomized trials with 6915 alcohol dependent patients
found that acamprosate reduced the risk for relapse to
heavy drinking to 86% of the risk in the placebo group
[77]
and decreased drinking days by about 11% . Side
effects of acamprosate include diarrhea, nervousness
and fatigue. It can be used in patients with ALD but
needs dosage adjustment for renal insufficiency.

results in terms of efficacy
. These results might
possibly be related to the use of low dosages of
baclofen, thus three ongoing randomized clinical trials
are investigating the efficacy and safety of high-doses
of baclofen in alcohol-dependent patients. Baclofen
represents the only alcohol pharmacotherapy tested in
patients with alcohol use disorder and significant liver
disease; consequently it may represent a promising
pharmacotherapy for alcohol-dependent patients with
[100,102]
ALD
.
The antiemetic drug ondansetron has been studied
[103-105]
in three randomized clinical trials
showing
efficacy when patients were segregated according
to their genotypes of the serotonin transporter
(5-HTT) gene, thus first clinical evidence suggests
that ondansetron might be a further pharmacological
strategy for alcohol dependence when used within a
pharmacogenetic treatment approach.

Nalmefene

It is an opioid antagonist with several potential
advantages over naltrexone including absence of dosedependent liver toxicity, longer acting effects and
[84]
more effective affinity to central opiate receptors .
It has been evaluated in several randomized placebocontrolled trials in alcohol-dependence and all trials
reported a reduction of heavy drinking during nalmefene
[85-87]
treatment
.

Combination treatments

CONCLUSION

Combining medications offers the possibility of more
effective treatment for patients who do not adequately
respond to an individual agent. However, the COMBINE
study did not find any significant advantage of naltrex
one-acamprosate treatment over individual agents or
[88]
placebo .
Whether combining medication with psychosocial
treatment improves the outcomes for alcohol use
disorders is uncertain, in the COMBINE study no
differences were observed with either medication
combined with psychosocial treatment compared with
the respective medication alone or the psychosocial
[88]
treatment alone .

New effective drug developments to treat specific
organ damage, such as alcohol liver disease is not
expected to occur in the next future, for this reason,
significant reduction of alcohol consumption is a
reasonable goal to decrease progression to liver
cirrhosis and improve survival. This goal must be based
on a multidisciplinary approach including public health
intervention, intervention in the primary care setting
and addiction behavior approach management (Table
2). All of these interventions should be combined
when appropriate with alcohol-induced organ injury
management. In patients with mild alcohol use
disorder, the best approach is brief intervention in
the primary care setting where the goal is abstinence
whereas in patients with moderate-severe alcohol
use disorder must be referred to specialized care
where detoxification and medical treatment of alcohol
dependence must be done.

Off-label medications

Given the high relapse rates, further research is urgently
needed to develop more effective pharmacotherapy
[89]
for the treatment of alcohol dependence . Treatment
with levetiracetam, a second-generation antiepileptic
drug, has been investigated in alcohol dependence.
Two randomized clinical trials have been conducted
to date and no differences were observed between
[90,91]
levetiracetam and placebo for the rate of relapse
.
Topiramate, an anticonvulsivant drug has shown
to be effective in improving several drinking related
outcomes in four well-designed randomized clinical
[92-95]
trials
. Therefore, off-label use of topiramate can
[96]
be considered as it is evidence based .
Gabapentin, a non-benzodizepine anticonvulsant
GABA analogue, has been evaluated positively in
two clinical trials in alcohol-dependence, therefore,
it represents a further pharmacological treatment
option, but these results must be confirmed in future
[97,98]
studies
.
The selective GABA-B receptor agonist Baclofen,
has been studied in alcohol-dependent patients in
four randomized clinical trials, results demonstrated a
favorable safety and tolerability profile but conflicting
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Abstract
Pancreatic cancer remains difficult to treat and has
a high mortality rate. It is difficult to diagnose early,
mainly due to the lack of screening imaging modalities
and specific biomarkers. Consequently, it is important to
develop biomarkers that enable the detection of early
stage tumors. Emerging evidence is accumulating that
tumor cells release substantial amounts of RNA into the
bloodstream that strongly resist RNases in the blood
and are present at sufficient levels for quantitative
analyses. These circulating RNAs are upregulated in
the serum and plasma of cancer patients, including
those with pancreatic cancer, compared with healthy
controls. The majority of RNA biomarker studies have
assessed circulating microRNAs (miRs), which are often
tissue-specific. There are few reports of the tumorspecific upregulation of other types of small noncoding RNAs (ncRNAs), such as small nucleolar RNAs
and Piwi-interacting RNAs. Long ncRNAs (lncRNAs),
such as HOTAIR and MALAT1, in the serum/plasma
of pancreatic cancer patients have also been reported
as diagnostic and prognostic markers. Among tissuederived RNAs, some miRs show increased expression
even in pre-cancerous tissues, and their expression
profiles may allow for the discrimination between a
chronic inflammatory state and carcinoma. Additionally,
some miRs and lncRNAs have been reported with
significant alterations in expression according to disease
progression, and they may thus represent potential
candidate diagnostic or prognostic biomarkers that may
be used to evaluate patients once detection methods
in peripheral blood are well established. Furthermore,
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recent innovations in high-throughput sequencing
techniques have enabled the discovery of unannotated
tumor-associated ncRNAs and tumor-specific alternative
splicing as novel and specific biomarkers of cancers.
Although much work is required to clarify the release
mechanism, origin of tumor-specific circulating RNAs,
and selectivity of carrier complexes, and technical
advances must also be achieved, such as creating a
consensus normalization protocol for quantitative data
analysis, circulating RNAs are largely unexplored and
might represent novel clinical biomarkers.

monitoring the response to chemotherapy or surgical
dissection because its sensitivity and specificity are
insufficient for its use as a diagnostic biomarker
[3]
of early stage pancreatic cancer . Other serum
protein markers have been suggested to enhance the
[4]
predictability of pancreatic cancer, such as CEACAM1 ,
[5]
[6]
[7]
[8]
MUC-1 , REG4 , TIMP-1 , DJ-1 , but none of them
are in routine clinical use. Therefore, it might be useful
to examine other molecules, such as nucleic acids, as
novel biomarkers for the early detection of pancreatic
cancer. Nucleic acids have several advantages as
follows: their amplification is technically easy and
they are less affected by degeneration or modification
than protein- or carbohydrate-based tumor makers.
Consequently, circulating nucleic acids have attracted
increasing attention as novel tools in cancer diagnosis.

Key words: MicroRNA; Non-coding RNA; Pancreatic
cancer; Biomarkers; Early detection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Circulating nucleic acid and
cancer

Core tip: In this review, we summarize the latest
findings on circulating RNAs in serum with a focus on
their clinical use as novel diagnostic and prognostic
biomarkers for pancreatic cancer. In addition, we
summarize the current issues that need to be
addressed to enable the clinical use of these circulating
RNAs. This review will allow readers to concisely
understand the current status and issues about the
use of serum circulating RNAs as novel biomarkers for
pancreatic cancer.

In the first study of circulating nucleic acids in cancer
[9]
patients, Leon et al detected free circulating DNAs in
serum by radioimmunoassay. The polymerase chain
reaction (PCR) technique has been used to isolate
tumor-derived mutated sequences of the Kras and
Nras genes from the serum and plasma of cancer
[10,11]
patients
. Because Kras mutations are frequently
observed in lung and gastrointestinal cancers in
[12]
addition to nearly 100% of pancreatic cancers ,
many researchers are interested in the detection of
[13]
mutated Kras in plasma . More recently, genomewide high-throughput sequencing of circulating DNA
has been demonstrated as a potential detection tool,
[14,15]
as well as a predictor of chemosensitivity
.
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Circulating mRNAs
Since the late 1990s, quantitative reverse transcriptase
(qRT)-PCR has been used to detect circulating RNAs as
cancer diagnostic markers. Tumor-derived circulating
RNAs have been detected in whole blood, plasma,
or serum from patients with pancreatic cancer,
[16]
[17]
gastric cancer , nasopharyngeal carcinoma ,
[18]
and melanoma . Although RNA species in the
bloodstream have been considered to be more fragile
[19]
than DNA because of the high RNase level in blood ,
plasma RNAs have been found to be unexpectedly
[20,21]
stable against RNase degradation
.
Since the early 2000s, various types of messenger
RNAs (mRNAs) that are upregulated in cancer tissues
have been detected in the peripheral blood of patients
[22]
[23,24]
[21]
with lung cancer , breast cancer
, melanoma ,
[25]
[26-28]
hepatocellular carcinoma , colorectal cancer
,
[29]
[30]
[31]
prostate cancer , gastric cancer , glioblastoma ,
[32]
chronic myelogenous leukemia , and pancreatic
[33-35]
cancer
. In particular, many studies have reported
circulating hTERT mRNA in the serum or plasma as a
[36-41]
marker of various cancers
, because telomerase

INTRODUCTION
Pancreatic cancer remains an intractable disease
and is the fourth leading cause of cancer death, with
an increasing prevalence in the United States. The
incidence and death rate of pancreatic cancer are high,
[1]
and the 5-year survival rate remains only 6% . More
than half of pancreatic cancer patients are diagnosed
at an advanced stage due to the lack of methods for
its early detection. At present, we cannot expect a
dramatic innovation in imaging modalities that will
enable the detection of early stage cancer or precancerous lesions using convenient, inexpensive
[2]
methods , such as chest x-rays in lung cancer,
mammography in breast cancer, or gastroendoscopy
in gastric cancer.
Circulating biomarkers are useful screening tools
because of the ease and relatively non-invasive nature
of their collection. Among biochemical tests, serum
CA19-9 is used widely as a circulating biomarker of
pancreatic adenocarcinoma, but its utility is limited to
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activity, which maintains telomere length and prevents
eukaryotic cells from senescence, is upregulated
in a wide variety of cancers, whereas it is mostly
[42]
suppressed in non-cancer tissues . Some studies
have achieved higher sensitivity and specificity by
evaluating a combination of several tumor-specific
mRNAs rather than circulating DNA or carbohydrate
[40,43,44]
tumor markers
.
[16]
In pancreatic cancer, Funaki et al
have detected
carcinoembryonic antigen (CEA) mRNA by RT-PCR in
the whole blood of pancreatic cancer patients. Clarke
[33]
et al have detected epidermal growth factor receptor
[34]
(EGFR) mRNA in the serum and Ishizone et al
have
detected alpha 1,4-N-Acetylglucosaminyltransferase
(α4GnT) mRNA in the mononuclear cell fraction of
peripheral blood from pancreatic cancer patients.
[35]
Further, Kang et al have recently demonstrated that
serum type Ⅵ collagen (COL6A3) mRNA is a good
marker of pancreatic cancer because it undergoes
tumor-specific alternative splicing, which is expected
to result in high specificity.

reported to be upregulated in pancreatic cancer tissue
[56-67]
and cell lines
, as candidate biomarkers. Similarly,
miR-200a/b, miR-18a, miR-221, and miR-196a/b
have been found to be upregulated in the serum/
[55,58-83]
plasma in parallel with cancer tissues
. Recently,
comprehensive sequencing and microarray analyses
have been performed to identify other circulating
miRs, and combined analyses of the expression of
several miRs have achieved high detectability with high
[73,75,77,78,81,82,84]
sensitivity and specificity
.

Other circulating ncRNAs and
cancer
Small ncRNAs

NcRNAs are divided into two families according to
their lengths, small ncRNAs (up to 200 bases) and
large ncRNAs (over 200 bases). Almost all of the
studies examining circulating RNAs have focused on
miRs because of the existence of established methods
for quantifying their expression, such as microarray
kits and qRT-PCR. There are currently few reports of
other small ncRNA family members (Table 2), such
[85-88]
as small nucleolar RNA (snoRNA)
, small nuclear
[89,90]
RNA (snRNA), and Piwi-RNA (piRNA)
, in cancer
tissues. SnoRNAs, which function as guide RNAs for
the post-transcriptional modification of ribosomal RNAs
[91]
and some spliceosomal RNAs , are deregulated in
various cancer tissues and induce a tumor-promoting
[85-88,92]
phenotype
. Using comprehensive next[93]
generation sequence analysis, Liao et al
have found
that the plasma snoRNA SNORD33/66/76 might serve
as a diagnostic biomarker for non-small-cell lung
cancer.
PiRNAs interact with a subset of Argonaute
proteins related to Piwi (Pelement induced wimpy
testis in Drosophila) and maintain genomic integrity
by epigenetically silencing transposons via DNA
methylation, especially in germline stem cells. They
have recently even been identified outside of the
[89,90]
germline and in human cancer cells
and may be
valuable biomarkers for detecting circulating gastric
[94]
cancer cells .
SnRNAs are found within the splicing speckles
of the cell nucleus and function as guides for premRNA splicing in association with small nuclear
[95]
ribonucleoproteins . Several types of snRNA,
including U2 snRNA and U6 snRNA, have been
frequently used as housekeeping genes for
normalization in qRT-PCR. However, it has also been
reported that circulating U2 snRNA (RNU2-1) might be
a useful diagnostic biomarker in pancreatic, colorectal,
[84,96,97]
lung, and ovarian cancers
.

Circulating mRNAs and pancreatic
cancer
MicroRNAs (miRs) are small, single-stranded noncoding RNAs (ncRNA) consisting of 18-22 nucleotides
that regulate the post-transcriptional expression of
[45]
multiple genes . Because miRs play important roles
in controlling cell proliferation, differentiation, and
apoptotic induction by targeting the mRNAs of various
genes and a single miR is able to control the expression
[46,47]
of hundreds of genes
, miR dysregulation may
affect cancer development, as well as the expression
of oncogenes or onco-suppressor genes. There have
been many reports on the aberrant over-expression
or downregulation of miRs in various cancer tissues
and subsequent alternations in the expression of their
target genes, which are involved in proliferation and
malignant transformation. In addition, miR expression
[48]
is tissue specific , and alteration in specific miRs
[49,50]
have been associated with cancer development
.
Consequently, an altered miR expression profile could
be a biomarker of malignant tumors, as well as an
[51,52]
attractive therapeutic target in cancer
.
In 2008, two studies demonstrated that miRs
are released into the circulation in a remarkably
stable form, even after freeze/thaw cycling or room
temperature incubation, and suggested that circulating
miRs carry disease-specific signatures that can be
[53,54]
exploited as non-invasive biomarkers
.
Regarding pancreatic cancer, several studies
have described tumor-derived miRs in the circulation
as diagnostic or prognostic biomarkers (Table 1).
[55]
Wang et al
have analyzed the expression of miRs
in the plasma of patients with pancreatic ductal
adenocarcinoma and have identified miRs-21,
miR-210, miR-155, and miR-196a, which have been
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Long ncRNAs

High-throughput RNA sequencing techniques have
revealed that long non-coding RNAs (lncRNAs), which
are not translated into proteins, are transcribed as
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Table 1 Circulating RNA specifically deregulated in pancreatic cancer
Target candidate
mRNA
CEA mRNA

Up/
down

Sample

Number of patients

Extraction method

Quantification
method

Target
selection

Normalization

Up

Whole
blood
Serum
Whole
blood
Serum

9 PK, 9 HC

AGPC

RT-PCR

Pre

ACTB

D

[16]

11 PK, 23 HC
55 PK, 10 CP, 70 HC

N/A
RNeasy Mini kit

RT-PCR
RT-PCR

Pre
Pre

B2M
GAPDH

D
D

[33]
[34]

qRT-PCR

Pre

GAPDH

D/P

[35]

Plasma

49 PK, 36 HC

TRIzol LS

Taqman

Pre

miR-16

[55]

Pancreatic
juice

16 PK, 5CP

mirVana PARIS kit

Taqman

Pre

miR-199 U6snRNA

D
D
D
D
D

EGFR mRNA
4GnT mRNA

Up
Up

COL6A3 mRNA
miRNA
mIR-155
miR-196a
miR-21
miR-210
miR-155

Up
Up
Up
Up
Up
Up

44 PK, 46 BT, 30 HC PureYield RNA Midiprep

miR-21
miR-196a
miR-200a

Up
Up
Up

Serum
Serum

35 PK, 15 CP, 15 HC
45 PK, 11 CP, 32 HC

TRI Reagent BD
mirVana miR isolation
kit

Taqman
Taqman

Pre
Pre

cel-miR-39
miR-16

miR-200b
miR-210
miR-18a

Up
Up
Up

Plasma
Plasma

11 PK, 14 HC
36 PK, 30 HC

Boiling
mirVana PARIS kit

Taqman
Taqman

Pre
Pre

miR-16

Up

Plasma

140 PK, 111 CP, 68
HC

TRI Reagent BD

Taqman

Pre

cel-miR-54
synthetic
reference panel
cel-miR-39

miR-196a
miR-185
miR-191
miR-20a
miR-21
miR-24
miR-25
miR-99a
miR-1290

Up
Up
Up
Up
Up
Up
Up
Up
Up

Serum

80 PK, 129 HC

TRIzol LS

Taqman

Sequence

serum volume

Serum

mirVana PARIS kit

Taqman

Taqman mA

miR-16

miR-221

Up

41 PK, 38 BT, 35 CP,
19 HC
47 PK, 30 HC

mirVana PARIS kit

Taqman

Pre

synthetic
reference panel

miR-375

Down

miR-375

Up

Plasma

miR-27a3p

Up

miR-196a

Up

Whole
blood
Serum

miR-196b
miR-205

Up
Up

miR-210
miR-492
miR-1427
miR-22
miR-642b
miR-885-5p
Multi gene index

Up
Up
Up
Up
Up
Up

miR-483-3p
miR-21
snRNA
U2 snRNA

Up
Up
Up

Plasma

Potential Ref.
value

[68]

D
D/P
D

[69]
[70]

D
D
D/T

[71]
[72]

D

[73]

D
D
D
D
D/P
D
D
D
D
D/T/P

[74]

[75]
[76]

D/T/P
48 PK, 47 HC

Total RNA purification
kit (Norgen)

129 PK, 103 BT,
Trizol
60HC
19 PK, 10 CP, 20 BT, miReasy RNA extraction
10 HC
kit

Pancreatic 50 PK, 19 CP, 19 HC
juice

TRIzol LS

Taqman

Affymetrix
mA

D

[77]

Sequence

cel-miR-39,celmiR-54, celmiR-238
U6 snRNA

Taqman

D/S

[78]

Taqman

Pre

miR-24

D

[79]

Taqman

Agilent mA

U6 snRNA

D
D/P

[80]

D/P
D/P
D/P
D
D
D
D

Plasma

11 PK, 11 HR, 11 HC

TRI Reagent BD

Taqman

custom mA

miR-3196

[81]

Whole
blood
Plasma

409 PK, 25 CP, 312
HC
32 PK, 12 BT, 30 HC

PAXgene blood RNA

Taqman

Taqman mA

ath-miR159a

mirVana PARIS kit

Taqman

Pre

miR-16

D
D

[83]

Serum

80 PK, 129 HC

mirVana miR isolation
kit

qRT-PCR

Agilent mA

cel-miR-54

D

[84]

[82]

Reference were searched in PubMed database using the following search terms: “pancreatic cancer”, “non-coding RNA”, and “circulating” or “serum”
or “plasma” or “blood”. PK: Pancreatic cancer; BT: Benign tumor; CH: Chronic pancreatitis; HR: High-risk patients; HC: Healthy control; AGPC: Acidguanidinium-phenol-chroroform method; N/A: Not available; Taqman: Taqman qRT-PCR; Pre: Previously reported in pancreatic cancer tissues; mA:
MiRNA microarray; D: Diagnostic marker; P: Prognostic marker; S: Staging marker; T: Treatment marker.
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Table 2 Other circulating non-coding RNAs detected in cancer patients
Target candidate

Up/
down

Cancer type

Sample

Number of patients

Extraction method

Quantification
method

Normalization

Small ncRNA
SNORD33/66/76

Up

Lung

Plasma

37 Ca, 26 HR, 22 HC

SYBR qRT-PCR

U6 snRNA

mA

[93]

piR-651

Up

Gastric

Whole
blood

93 Ca, 32 HC

mirVana miR
isolation kit
TRizol

SYBR qRT-PCR

U6 snRNA

Pre

[94]

piR-823
U2snRNA

Up
Up

Pancreatic

Serum

80 Ca, 129 HC

mirVana miR
isolation kit

qRT-PCR

cel-miR-54

mA

[84]

U2snRNA
U2snRNA
U2snRNA
Long ncRNA
H19

Up
Up
Up

Colorectal
Lung
Ovarian

Serum
Serum

LNA qRT-PCR
qRT-PCR

cel-miR-39
cel-miR-54

mA
mA

[96]
[97]

Up

Gastric

Plasma

preamplification
qRT-PCR
Taqman
qRT-PCR
qRT-PCR

N/A

Pre

[107]

Input amount
GAPDH
GAPDH

Pre
Pre
Pre

[108]
[110]
[111]

MALAT1
HULC
TUG1 lincRNA
LincRNA-p21

Up
Prostate
Up
Hepato-cellular
Up
Multiple myeloma
Down
CLL

Plasma
Plasma
Plasma

132 Ca, 129 HC
62 Ca, 51 BT, 45 HC miRNeasy mini kit
119 Ca, 35 HC
mirVana PARIS kit
43 Ca, 34 HC

N/A

87 Ca, 82 HR, 23HC mirVana PARIS kit
30 Ca, 20 HC
TRIzol
62 MM, 40 HC
TriPure
68 CLL, 40 HC

Target Ref.
selection

Reference were searched in PubMed using the following search terms: “cancer”, “non-coding RNA”or “snoRNA” or “snRNA” or “piRNA” or “lncRNA”,
and “circulating” or “serum” or “plasma” or “blood”. lincRNA: Long intergenic noncoding RNA; CLL: Chronic lymphocytic leukemia; MM: Multiple
myeloma; Ca: Cancer patients; BT: Benign tumor; HR: High-risk patients; HC: Healthy control; N/A: Not available; Taqman: Taqman qRT-PCR; Pre:
Previously reported in cancer tissue; mA: MiRNA microarray.

Table 3 Non-coding RNAs specifically upregulated in pancreatic cancer tissue
Target candidate
HOTAIR

Up/
down

Sample

Number of
patients

Extraction
method

Quantification
method

Normalization

Target
selection

Potential
value

Ref.

Up

Tissue

36 PK, 36 HC

qRT-PCR

GAPDH

Pre

P

[112]

Tissue
Tissue
Tissue

126 PK, 15 HC
31 PNET, 7 HC
23 PK, 23 AN
304 PK, 304 AN
85 PK, 85 AN
11 PK, 7
metastasis

mirVana RNA
isolation kit
TRIzol
RNeasy
TRIzol
TRIzol
TRIzol
TRIzol

qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR

N/A
GAPDH
ACTB
GAPDH
GAPDH
HMBS

Pre
Pre
Pre
Pre
Pre
mA

D/P/S
D
D
D/P
D/P
D/S

[113]
[114]
[115]
[116]
[117]
[118]

TRIzol
TRIzol

qRT-PCR
Sequence

ACTB
Input amount

mA
mA
Sequence

D/P
D/P
D/P

[119]
[120]
[121]

MALAT-1
Up
MEG3
Up
Gas5
Up
HULC
Up
LOC285194
Down
PPP3CB intronic lncRNA Up
MAP3K1
DAPK1
BC008363
ENST00000480739
HSATII

Up
Up
Up
Down
Up

Tissue
Tissue

Tissue
Tissue

30PK, 30 AN
35 PK, 35 AN
11 PK, 2 HC

Reference were searched in PubMed using the following search terms: “pancreatic cancer”, “long non-coding RNA” or “lncRNA” or “ncRNA”. PK:
Pancreatic cancer; AN: Adjacent normal tissue; HC: Healthy control; mA: cRNA microarray; N/A: Not available; Pre: Previously reported in cancer tissue
or cell line; D: Diagnostic marker; P: Prognostic marker; S: Staging marker.

frequently as protein-coding mRNAs. Most lncRNAs
are thought to have biological functions, and
increasing numbers of cancer-associated lncRNAs,
[98]
[99]
[100]
[101]
such as HOTAIR , MALAT-1 , ANRIL
, H19
,
[102]
[103,104]
PTCSC3
, and PCA3
, have been reported
to be upregulated in various cancer cells and to
play potential roles in both oncogenic and tumorsuppression pathways, functioning as epigenetic
regulators, guides for alternative splicing, decoys of
[105,106]
miRNAs, and a scaffolds for protein complexes
.
Although there is little data on the use of circulating
lncRNAs as cancer-detecting markers, they could be
used as novel potential biomarkers for diagnostic,
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prognostic, and therapeutic purposes (Table 2). For
example, the secretion of H19 lncRNA in the plasma
[107]
is increased in gastric cancer patients . In addition,
serum MALAT-1 RNA was upregulated in prostate
[108]
cancer
and plasma TUC339 and HULC lncRNA
were identified as novel markers for the detection of
[109,110]
hepatocellular carcinoma
. Most recently, Isin et
[111]
al
have reported tumor-type specific changes in
TUG1 and LincRNA-p21 expression in the plasma in
association with B-cell neoplasm.
There are no reports of upregulated lncRNAs in the
circulation in pancreatic cancer patients at present.
However, some reports have shown significant changes
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Blood cells

Major carrier of tumor-derived
circulating RNAs?

Normal tissue

Lipid-membrane vesicles
Exosome
Microvesicles
HDL
Apoptotic body

Consensus of
reference gene for
normalization?

Discrimination between tumor- and
non-cancer-derived RNA?

Cancer tissue

Protein complex
Selectivity of RNA
in packing?

Ago2
NPM1

Figure 1 Overview of circulating RNAs from cancerous tissues. The origin of circulating RNAs from cancerous tissues is indicated. Several manners of their
encapsulation and possible questions to be addressed are also shown.

in the expression of lncRNA in pancreatic cancer
tissues and cell lines, which have been previously
[112-117]
reported in other types of cancer
(Table 3).
Recently, novel candidate genes have been found to be
diagnostic and prognostic markers of pancreatic cancer
using comprehensive microarray or RNA sequence
[118-121]
analyses (Table 3)
. In particular, the expression
of HSATII RNA, which is a highly repetitive transcript
from centromeric heterochromatic regions, differs
significantly in cancer and pre-cancer tissues compared
with normal pancreatic tissue. Although it is necessary
to examine whether circulating lncRNAs are as stable
as miRs, which are resistant to RNases, these tumorspecific lncRNAs might be useful detection markers in
the serum/plasma with high sensitivity and specificity.

vesicle of endocytic origin that is formed from the
fusion of multivesicular bodies (MVB) with the plasma
membrane and released into extracellular spaces. MVs
are larger than exosomes, with diameters ranging from
100-1000 nm and heterogeneous morphologies, and
they originate from the plasma membrane via direct
outward budding into the extracellular space. Apoptotic
bodies are membrane vesicles that are heterogeneous
in shape, range from 50-500 nm in diameter, contain
organelles, and are released via outward protrusion
of the plasma membrane during the late phase of
[123-125]
apoptosis
.
Many studies have shown that tumors specifically
secrete exosomes or MVs, which selectively contain
[126,127]
[128]
specific miRs
. However, Arroyo et al
and
[129]
Turchinovich et al
have asserted that miRs
in circulation are principally found in association
with the Ago2 ribonucleoprotein complex and not
vesicles, indicating that the detected miRs are
derived predominantly via apoptotic and necrotic
processes, which occur frequently in tumor cells.
Some reports have suggested that high- and lowdensity lipoproteins (HDLs and LDLs, respectively)
[130]
contain circulating RNA
and that certain miRs are
specifically encapsulated within them. At present, it is
unclear whether cancer cells choose specific carriers
for particular miRs depending on particular biological
functions.
Moreover, circulating miRs in cancer patient

Origin of circulating RNAs

The origin and manner of release of extracellular
cancer-associated RNAs are unclear but could
potentially affect the significance of results. It is not
clear whether the cancer-associated RNAs detected
in the circulation result from tumor cell death and
lysis or whether they are actively secreted by tumor
cells (Figure 1). While living cells actively release RNA
encapsulated in large lipoprotein complexes, such as
exosomes or microvesicles (MVs), RNA from dead or
dying cells found in blood is associated with apoptotic
[122]
bodies or protein complexes
. An exosome is a
40 to 140-nm-diameter lipoprotein membranous
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are derived from multiple sources, including not
only circulating and primary tumor cells, but also
immune cells and other blood cells and canceradjacent non-cancerous cells. The mechanisms
regulating RNA secretion and the determination of
selectivity as well as the functional roles of secreted
RNAs are poorly understood. Limited studies have
been performed to distinguish the efficiencies of
antibodies between tumor-derived exosomes and
[131-133]
other tissue derived exosomes
. These studies
have distinguished tumor-derived exosomes from
other tissue derived exosomes by magnetic-activated
cell sorting and flow cytometry using an antibody
for tumor-specific exosome surface antigens, such
[131-133]
as EpCAM, and CD39/73
. Precise analyses of
these “purified” circulating RNA may reveal a more
specific expression signature of primary tumors.
On the other hand, cancer-adjacent tissues, such
as stromal cells, also release aberrantly expressing
RNAs and transmit intercellular signals to cancer cells,
[134]
such as chemoresistance signals
, indicating that
alternations in RNA expression signatures of canceradjacent tissues may also have some potential as
cancer diagnostic markers.

to determine the range of normal variability across
[144]
demographic populations . As another alternative to
small RNAs, 5S rRNA, and U6 snRNA are commonly
used as reference genes when examining cell-extracted
[68,80,93]
miR levels
. However, some reports have
suggested that they are very unstable because they
are degraded by RNases in the plasma/serum, unlike
[54]
miRs . At present, external control normalization with
a spiked mycetogenic gene or normalization to the
total amount of input RNA is widely performed (Tables
1 and 2).
Recently, microarray chip analysis of lncRNAs has
been exponentially developed in gene number and
has become a convenient measuring tool. However,
comprehensive RNA sequence analysis by next
generation sequencing can yield more information
about unannotated genes and alternative spliced
transcript signatures that may be possible candidates
[145]
for novel detecting markers
. Several robust RNA
sequencing protocols have been developed that are
applicable even with a minute amount of templates
[146,147]
and at the single cell level
. In fact, tumor-specific
alternative splicing has already been reported in
[35,148-151]
pancreatic cancer
. These alternatively spliced
transcripts are considered more specific because they
are unaffected by transcripts produced by the same
gene in normal cells. A candidate gene with a splicing
pattern that is distinct between cancer and normal cells
may represent a highly specific marker, in addition to
tumor-specific mutations of circulating DNA.

Technical issues
In addition to the stability of miRs in various body
fluids, their levels can be easily measured by qRT-PCR,
which allows for high-precision signal amplification
using the TaqMan PCR method with stem-looped RT
primers or oligo-dT primers after the polyadenylation
of templates. Nevertheless, there is still significant
variability among microarray analysis reports. One of
the reasons for this validation is that the total amount
of RNA in serum and plasma is small compared to
the amount of RNA extracted from tissues or cell
lines. Several novel detection methods have been
developed to allow for rapid quantification of RNA,
improve the sensitivity and specificity of detection
and reducing the number of amplification steps
[135]
required before detection
. Detection strategies
[136]
range from the use of simple molecular beacons
[137]
and enzymatic luminescence
to the use of different
[138-140]
nanoparticle-based probes
and different forms of
[141]
electrophoresis, such as capillary isotachophoresis
[142]
and circular exponential amplification .
At present, there is no consensus on using
endogenous reference RNAs to normalize circulating
miRs levels for analyzing qRT-PCR results (Figure
1). It has been suggested that some miRs, such as
miR-16, miR-223, and let-7, are highly and constantly
expressed in the serum/plasma and are correlated
[55,70,75]
with the number of blood cells
. However,
other reports have claimed that miRs that have been
recommended as controls are significantly altered
[87,143]
in certain pathological states
. Because gene
expression can vary within a population, to identify
miR signatures related to diseases, it is important
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BIOLOGICAL FUNCTIONS OF
CIRCULATING RNAS
Despite the rapidly increasing number of reports,
the biological significance of circulating RNAs in
cancer remains unclear. It believed that cancer
cells communicate with surrounding non-cancerous
cells, such as stromal cells and immune cells,
via extracellular RNAs that are protected by their
carriers. This intercellular connection contributes
to their uncontrolled proliferation, the malignant
transformation of surrounding cells, the recruitment of
new blood vessels, and the stimulation or escape from
[31,152,153]
the response to cancer cells
. Understanding
the mechanisms by which cellular RNAs are selectively
loaded into a specific carriers is important, not only
for the more precise quantification of tumor-specific
circulating RNAs as powerful detection markers but
also to improve novel therapeutic strategies, such as
[154]
RNA delivery to target tissues .

Current issues and future
directions
It is difficult to detect emerging cancerous lesions
of pre-cancerous cystic tumors, such as intraductal
papillary mucinous neoplasms (IPMNs), and to
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distinguish a focal cancer lesion from mass-forming
pancreatitis, even when patients are extensively
examined, for example, by endoscopic retrograde
cholangiopancreatography (ERCP), and endoscopic
ultrasonography (EUS). Prophylactic surgical resection
of a pre-cancerous tumor is not always acceptable
due to its capacity for invading the pancreas and
surrounding organs, in contrast with colon and gastric
adenomas, which are easily resectable by endoscopic
procedures. Consequently, a specific biomarker is
desperately needed to detect pre-cancerous lesions
or to discriminate between malignant tumors and
inflammatory lesions. In this regard, some studies
have indicated that the tissue specificity of miRs and
the dramatic changes that occur in their expression
profiles over the course of oncogenesis should
enable the detection pre-cancerous lesions, such as
[58,62-65,155]
pancreatic intraepithelial neoplasia (PanIN)
[156]
and IPMN
, in pancreatic tissues. In addition,
some miRs expression changes in aspirated cystic
fluid from IPMN have been shown to predict the
[157]
presence of cancer . It is difficult to obtain surgically
resected pancreatic pre-cancerous lesion specimens.
In particular, PanIN lesions are very small and are
commonly only identifiable at the microscopic level;
therefore, they are normally obtained by laser capture
microdissection from resected chronic pancreatitis and
mainly pancreatic cancer specimens. Furthermore, it
is difficult to collect blood samples from patients with
a pre-cancerous lesion because current screening
examinations rarely detect high-risk patients in
advance.
It is accepted that the progression of pancreatic
ductal adenocarcinoma is associated with the
accumulation of genetic alternation, as well as the
[12]
adenoma-carcinoma sequence, in colorectal cancer .
As genetic alterations accumulate in normal pancreatic
epithelial cells, pre-cancerous lesions called PanINs
emerge and advance in stage, eventually progressing
to invasive cancer. According to this multistep
carcinogenesis hypothesis, several oncogenic mouse
[158]
models have been established
. Mice that express
G12D
a constitutively active mutant Kras
protein in a
pancreas epithelium-specific manner, demonstrate
gradual PanIN progression. The combination of
G12D
endogenous Kras
expression and dysfunction of
INK4a/Arf
tumor suppressor genes, such as p16
knockout,
mutant p53 expression, p53 knockout, or transforming
growth factor-β receptor 2 (Tgfbr2) knockout,
result in the progression of invasive pancreatic
ductal adenocarcinoma, which is histologically
closed to human cancer tissue. These pre-cancer
and progressive cancer mouse models may have
advantages over human samples in terms of genetic
simplicity and the limited influence of environmental
factors, such as inflammation, for the evaluation of
mutation-induced transcription alternations. In fact,
we have performed microarray analysis of miRs from
mouse normal pancreata, a pre-cancerous PanIN-like
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tumor and massive ductal adenocarcinoma and have
found that the majority of miRs upregulated in cancer,
such as miR-21 and miR-192, are already increased
at the pre-cancerous stage in Kras-mutated PanIN
tissues (unpublished data). Moreover, collecting blood
samples from these genetically engineered mice is
important to identify cancer- or pre-cancer-associated
[159]
circulating RNAs that may be present in humans
.
The evaluation of these circulating RNAs is also
important in distinguishing cancer from inflammation
because human pancreatic cancer tissues consistently
accompany chronic inflammation.
On the other hand, pancreatic cancer has a high
rate of metastasis and dissemination, which cause
postoperative recurrence and the dysfunction of
other organs, such as gastrointestinal obstruction,
and eventually result in poor prognosis. One possible
avenue for improving prognosis is to predict the
presence of undetectable metastasis by clinical
imaging and to select the best-suited treatment
under preoperative or postoperative conditions.
The levels of several individual miRs, including
miR-10b, 21, 31, 126, 335, and 373, have been
correlated with metastatic outcome in carcinoma
[160]
patients
. Additionally, other classes of ncRNAs,
[98]
such as HOTAIR , have been proposed as putative
biomarkers for metastatic potential in human breast
tumors. These results suggest their potential utilities
as biomarkers for metastatic propensity. Similar
strategies may be applicable for the evaluation of
pancreatic carcinoma.

CONCLUSION
Although their release mechanisms and biological
significance require further study, circulating RNAs
are significantly beneficial to the pancreatic cancer
field, representing possible novel diagnostic and/or
prognostic markers. Improvements in extraction and
amplification procedures and growing availability of
next-generation sequencing technologies may allow
for the discovery of more specific and sensitive RNA
markers in the near future.
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Abstract

Wojciech Kosiak, Department of Pediatric Hematology and
Oncology, Medical University of Gdansk, 80-210 Gdańsk,
Poland

Benign hepatic tumors are commonly observed in
adults, but rarely reported in children. The reasons for
this remain speculative and the exact data concerning
the incidence of these lesions are lacking. Benign
hepatic tumors represent a diverse group of epithelial
and mesenchymal tumors. In pediatric patients, most
benign focal liver lesions are inborn and may grow
like the rest of the body. Knowledge of pediatric liver
diseases and their imaging appearances is essential
in order to make an appropriate differential diagnosis.
Selection of the appropriate imaging test is challenging,
since it depends on a number of age-related factors.
This paper will discuss the most frequently encountered
benign liver tumors in children (infantile hepatic
hemangioendothelioma, mesenchymal hamartoma,
focal nodular hyperplasia, nodular regenerative
hyperplasia, and hepatocellular adenoma), as well
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as a comparison to the current knowledge regarding
such tumors in adult patients. The current emphasis
is on imaging features, which are helpful not only
for the initial diagnosis, but also for pre- and posttreatment evaluation and follow-up. In addition,
future perspectives of contrast-enhanced ultrasound
(ceUS) in pediatric patients are highlighted, with
descriptions of enhancement patterns for each lesion
being discussed. The role of advanced imaging tests
such as ceUS and magnetic resonance imaging, which
allow for non-invasive assessment of liver tumors, is
of utmost importance in pediatric patients, especially
when repeated imaging tests are needed and radiation
exposure should be avoided.

biliary tumors (biliary cystadenoma, bile duct
hamartoma or adenoma, and papillary adenoma).
However, incidence data are derived from surgical
studies, and so data concerning “true incidences”
are lacking. So far, no data are available concerning
the prevalence of hemangioma or cysts in screened,
asymptomatic children.
The diagnosis of pediatric liver tumors is made on
the basis of clinical features, serum α-fetoprotein (AFP)
level, age of the child, and imaging characteristics.
The role of imaging, like in adulthood, is to determine
the organ of origin and the character and extent of
[14,15]
the lesion
. Knowledge of pediatric liver diseases
and their imaging appearances is essential in order
[12]
to make an appropriate differential diagnosis .
Challenges exist for the non-invasive detection and
characterization of focal liver lesions (FLLs) in the
pediatric population. The selection of the appropriate
imaging test depends on a number of factors, such
as: (1) children require imaging strategies with a
higher resolution due to smaller anatomic structures;
(2) children may be unable to tolerate or hold still
for an imaging test, so they may require sedation
or anesthesia; and (3) the use of imaging tests with
ionizing radiation should be minimized given that
children are more sensitive to the long-term effects of
[16]
radiation exposure than adults .
Differentiation of masses is still complex, and
biopsy or resection for histological diagnosis sometimes
[17-21]
becomes necessary
. The incidence of complications
after percutaneous liver biopsy in pediatric patients was
6.83%, of which 2.4% were major complications, as
[22]
reported by Scheimann et al .
This paper will discuss benign liver tumors in
children, with an emphasis on imaging features and
future perspectives of contrast-enhanced ultrasound
(ceUS) in pediatric patients (Table 1).

Key words: Focal liver lesions; Benign; Pediatric;
Children; Ultrasound
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Focal liver lesions (FLL) are commonly
observed in adults, but rarely reported in children. The
reasons for this remain speculative. Most benign focal
liver lesions are inborn and may grow like the rest of
the body. The current paper deals with FLLs in pediatric
patients, as well as a comparison to the current
knowledge regarding such tumors in adult patients.
Chiorean L, Cui XW, Tannapfel A, Franke D, Stenzel M,
Kosiak W, Schreiber-Dietrich D, Jüngert J, Chang JM, Dietrich
CF. Benign liver tumors in pediatric patients - Review with
emphasis on imaging features. World J Gastroenterol 2015;
21(28): 8541-8561 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i28/8541.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8541

INTRODUCTION

IMAGING MODALITIES FOR PEDIATRIC
LIVER TUMOR EVALUATION

Primary hepatic tumors are rare in children, where
they account for about 5%-6% of all intra-abdominal
masses and represent between 0.5% and 2.0%
[1]
of all pediatric neoplasms . They are a diverse
group of epithelial and mesenchymal tumors, which
constitute the third most common group of childhood
solid abdominal tumors. The incidence is 0.4 to 1.9
per million children each year and can vary with
patient age. Liver masses in children can be benign,
malignant, or indeterminate. About one-third of
[2-11]
pediatric primary liver masses are benign
.
In the literature, the most frequently described
benign liver tumors in the pediatric age group are:
infantile hepatic hemangioendothelioma (IHH),
mesenchymal hamartoma (MHL), focal nodular
hyperplasia (FNH), nodular regenerative hyperplasia
[12,13]
(NRH), and hepatic adenoma (HA)
. Other lesions
are: hepatic cysts, hemangioma, benign lipomatous
tumors (angiomyolipoma and lipoma), and benign

WJG|www.wjgnet.com

US is the least costly and most widely used method
for evaluating children with liver tumors. It can provide
real-time assessment without ionizing radiation, and
it is often the first imaging modality of choice because
of its wide availability and because it offers quick,
non-invasive evaluation of the liver parenchyma. US
examination accurately excludes a mass when it is not
present or, if the mass is present, it evaluates whether
it is cystic or solid, as well as assessing the vascular
flow through the use of Doppler technique. The
size, number, and appearance of FLLs can be readily
determined, narrowing the differential diagnosis.
Moreover, it helps to evaluate hepatic and portal
[16,23-26]
venous involvement
. US-guided liver biopsy
in children is a procedure with a low rate of major
complications and a high rate of minor bleeding that
[27]
does not require intervention .

8542

July 28, 2015|Volume 21|Issue 28|

Chiorean L et al . Benign FLL in pediatric patients
Table 1 Imaging features
US
Infantile hepatic hemangioendothelioma
2D
Hypoechoic1
Doppler US
Enlarged hepatic arteries and veins, shunts
CEUS
Peripheral enhancement, with centripetal filling-in
Mesenchymal hamartoma
2D
Cystic and solid5 components in various amounts6
Thin/thick and mobile septa

Computed tomography

Magnetic resonance imaging

Pre-contrast examination
Hypodense1, well-defined
Post-contrast examination
Intense, homogeneous enhancement3/peripheral

T1-weighted images
Hypointense1
± hyperintense foci2
T2-weighted images
Hyperintense
Enhancement pattern
Centripetal filling-in

enhancement4 with progressive centripetal filling-in
pattern

Cystic components
Water attenuation
Non-enhancement

Cystic components
T1-weighted images
Variable signal intensity on (depending on the

Solid components
Hypodense

protein content)
T2-weighted images
High signal intensity
Solid components
Hypointense on both T1- and T2-weighted images

Parietal nodules
Rare features7
Doppler US
Linear blood flow within solid portions and septa
Surrounding portal and hepatic veins may be displaced

Post-contrast enhancement

CEUS
Solid component may present arterial and portal venous
enhancement
Focal nodular hyperplasia
2D
Well-circumscribed
Variable echogenicity
Stellate hyperechoic central scar
Doppler US
Spoke-wheel pattern
CEUS
Arterial and portal venous enhancement

(fibrosis)
Post-contrast mild enhancement (and within the
septa)

Pre-contrast examination
Isodense/slightly hypodense
Hypoattenuating central scar
Arterial and early portal phases
Homogeneous enhancement, earlier and more
intense than the surrounding liver parenchyma
Hypoattenuating central scar
Late portal and delayed phases
Isoattenuating to the liver
Delayed enhancement of the central scar

T1-weighted images
Isointense/slightly hypointense to the liver
Hypointense central scar
T2-weighted images
Isointense/slightly hyperintense
Hyperintense central scar
Arterial phase
Hyperintense lesion
Non-enhanced central scar
Portal venous phase
Slightly hyperintense/isointense
Delayed phase
Enhancement of the central scar

Nodular regenerative hyperplasia
2D
Multiple, tiny, well-circumscribed, hypo-/isoechoic

Pre-contrast examination
Hypo-9/isoattenuating to the liver

T1-weighted images
Slightly hyperintense

nodules8
± sonolucent rim
CEUS
Arterial and portal venous enhancement similar to the

Post-contrast images
Nodules do not enhance9
Diffuse or peripheral rim-like enhancement10

± foci of high signal intensity11
± hyper-/hypointense rim
Fat suppressed images decreased signal intensity12
T2-weighted images
Iso-/hypointense
± hyperintense rim
Enhancement pattern
Similar to normal liver parenchyma13

Hepatic adenoma
2D
Heterogeneous

Pre-contrast examination
Hypoattenuating, sharply delineated spherical

T1- and T2-weighted images
Heterogeneous, predominantly hyperintense20

Hyperechoic14/hypoechoic15/cyst-like16
Doppler US
Central vessels with a triphasic pattern/continuous

mass ± pseudocapsule
Heterogeneous content17
Arterial phase
Homogeneous18/heterogeneous enhancement19

In-phase and out-of-phase T1 sequence
Signal loss (fatty components)
Enhancement pattern

venous waveform
CEUS
Only arterial enhancement as the distinctive feature to

Portal venous and delayed phases
Isoattenuating/rapid “wash-out”

surrounding liver parenchyma

FNH

Early arterial enhancement
Isointense during portal and venous phases21
Hepatocyte-specific contrast agents
Hypointense on hepatocyte phase imaging

1

Hommogeneous/inhomogeneous (inhomogeneity is most frequently encountered in larger lesions, possibly be due to calcifications, hemorrhage, necrosis,
thrombosis, and/or fibrosis); 2Hemorrhage; 3Small lesions; 4Larger lesions; 5Solid component may be hyper-/isoechoic as reported to the surrounding
liver parenchyma; 6According to the type of the lesion (cystic/mixed/solid form); 7Calcifications, necrosis, bleeding, and internal debris are rare features.
When present, the imaging aspect of the lesion is inhomogeneous; 8Often not visible due to small size and isoechogenicity. In these cases, a diffusely
heterogeneous echotexture associated with distortion of hepatic architecture can be the only sonographic feature. Also, in rare cases, nodules can be
hyperechoic ± hypoechoic centers (hemorrhage); 9Usually; 10Occasionally; 11Hemorrhage; 12Intracellular fat; 13Preferentially in the portal venous phase;
14
High lipidic content/recent hemorrhage; 15In glycogen storage diseases due to diffuse fatty infiltration of the liver; 16Mimicking a cyst, in cases of old blood
content; 17Due to fat, calcifications, necrosis, or recent hemorrhage (hyperattenuating); 18Small lesions; 19Larger lesions due to areas of fat, hemorrhage,
necrosis, or calcifications; 20May also be due to hemorrhage; 21May present with late wash-out and a pseudocapsule may be visible on delayed acquisition.
US: ultrasound; CEUS: contrast-enhanced ultrasound.
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testing, and can be carried out in a variety of scenarios
(e.g., bedside, operatory room, and CT suite). It
can be applied independently of renal function and
operates in real time, so that rapid changes can be
[37]
captured without radiation exposure .
US Contrast Agents registered in Europe are licensed
®
only for cardiac or, in the case of SonoVue , liver and
®
vascular applications. SonoVue is safe and effective
for the examination of almost all organs, and has
[38-41]
published European guidelines
. Published clinical
recommendations on the use of CEUS are based on
comprehensive literature surveys, including results
from prospective clinical trials. Despite this, many
[37-41]
indications are still off-label
.
The current legal requirements for registration of
pharmaceutical products in Germany and the rest of
Europe are strict. In order for a new indication to be
registered, the manufacturer must provide data on
its safety and efficacy, with a dedicated phase Ⅲ trial
specifically designed to achieve registration approval.
Diagnostic agents, including contrast microbubbles,
are not exempt to this rule, which is designed to
protect patients from the misuse of drugs or diagnostic
agents, but, on some occasions, may limit the potential
benefits to patients. In fact, applications for indications
do not only follow clinical or scientific needs, but also
the financial expectations of the producer (and health
[37,42]
care funders)
.
Off-label use is of utmost importance in pediatrics
because many drugs are not tested by randomized
trials in children, which also means that they are not
specifically licensed for use in children. Licensed drugs
are often prescribed outside the terms of the product
license (off-label) in relation to age, indication, dose
frequency, route of administration, or formulation. Over
two thirds (67%) of 624 children admitted to wards
in five European hospitals received drugs prescribed
in an unlicensed or off-label manner and 39% of the
2262 drug prescriptions given to children were offlabel. Thus, licensed drugs for adults may only be used
in children after the parents (or legal representatives)
have been adequately informed and specific consent
has been obtained (except in cases of emergency).
To be able to use any medication or agent routinely in
children, a dedicated trial demonstrating its efficacy
and safety has to be performed. Until this happens
the agent will remain for off-label use only, with all the
procedures this involves. Unfortunately, these rules,
which are designed to protect patients, may on some
occasions limit the potential benefit to patients if, for
instance, an operator refuses to perform off-label
[37,42]
indications. This may clash with clinical need
.
Generally, drugs not licensed at all for the German
pharmaceutical market or not licensed for the respective
indication may not be prescribed by any physician
except under clinical trial conditions or individual clinical
advice. Sickness funds may not fund clinical research
and basically may not cover prescriptions of unlicensed
drugs or unlicensed indications. Only a time-consuming

Although CEUS has higher diagnostic efficacy
in FLLs than baseline US, its use is still off-label
in children. Given that CEUS is a candidate for
consideration as the primary imaging tool for FLLs
assessment in adults (with documented safety
[28]
issues) , it should therefore be considered as a
[28,29]
primary modality of choice in children as well
.
However, to date there is little data available
concerning the use of CEUS in the pediatric age group.
Although some magnetic resonance imaging (MRI)
and computed-tomography (CT) contrast medias are
available for children, the remainder are also off-label
[24]
(e.g., liver specific MR contrast media) .
CT depicts liver lesions and their involvement with
adjacent structures with excellent spatial resolution in
adults and older children, giving improved anatomic
[30]
location and FLL characterization . Multiphase
contrast-enhanced CT improves diagnostic specificity
by further characterizing liver lesions, albeit at the
[16]
expense of increased radiation exposure . The
potential risks of radiation exposure have to be
[31-34]
especially considered in children
. The need
for sedation is decreased due to shorter imaging
[35,36]
times
.
MRI contrast agents that preferentially target the
liver may be helpful in characterizing liver masses in
select children. The imaging approach is non-invasive,
radiation free, relatively rapid to perform, and provides
[16]
anatomical and functional information .

CEUS AND OFF-LABEL USE
Off-label use raises controversies about access to
innovations, as well as pharmacovigilance and liability.
The SHI Modernization Act internationally took a
pioneering role by introducing an expert committee
to clarify rules for off-label use in Germany. Two
new instruments were introduced in 2006: Annex
9 defines drugs eligible for off-label-use and Annex
10 lists drugs with a prescription ability following the
assessment of the IQWiG (Institut für Qualität und
Wirtschaftlichkeit im Gesundheitswesen; Institute for
Quality and Efficiency in Health Care). The judging
committee is affiliated to the Federal Institute of
Pharmaceuticals and Medical Devices and consists of
nominated representatives from the Institute, from
scientific medical societies, physicians’ associations,
manufacturers, sickness funds, SHI medical review
boards, representatives of pharmacists, and patient
interest groups. Based on a jurisdiction from the
Federal Social Court on the criteria for access to offlabel use drugs, the committee started with defining
rules and conditions for the prescription and SHIfinancing of oncological medications that are not
yet licensed for the required indication. Despite
these efforts, there are still many problems not yet
solved, such as CEUS. CEUS has a number of distinct
advantages over CT and MRI. It can be performed
immediately, without any preliminary laboratory
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Imaging features

and individual clarification process with the sickness
[37,42]
fund may offer a solution
.

US: US examination has an important role in the
detection and localization of liver masses, as well as in
[57]
follow-up . IHH, presenting as a hypoechoic liver
mass, may be detected at prenatal US, along with
polyhydramnios. Postnatal US appearance of solitary
IHH is that of a predominantly round and hypoechoic
mass, sometimes with an inhomogeneous structure
due to tiny echogenic foci having posterior acoustic
shadowing and representing calcifications (seen in up
to 36% of cases). Inhomogeneity may also be due to
hemorrhage, necrosis, or fibrosis, in cases of larger
lesions. In cases of diffuse disease, an enlarged liver
[12,51,60]
may be the only sonographic finding
.
The color and spectral Doppler analysis of IHH
demonstrates a variety of flow patterns, with enlarged
intralesional arteries and veins, direct arteriovenous
or portovenous shunts, and large feeding and draining
[57,60]
[60]
vessels
. Kassarjian et al
showed abnormal
color flow patterns of IHH in 60% of patients and the
presence of shunting was confirmed in 44%. Paltiel
[57]
et al
studied 13 children with IHH and revealed
that the range of the peak Doppler shift overlapped
with those previously reported in the literature for
malignant liver tumors. Follow-up of the treated lesions
demonstrated a decrease of flow velocity in the feeding
arteries and resolution of arteriovenous shunts, which
was also associated with a decrease in the size of the
[57,61]
masses
.
Apart from IHH, hypoechoic infantile hemangiomas
are most commonly detected incidentally. They
present as multiple masses throughout the liver
(hemangiomatosis) and are often associated with
multiple cutaneous hemangiomas (> 5). The hype
rechoic appearance of adult hemangioma is uncommon
[12]
in young children (Figure 1).

INFANTILE HEPATIC
HEMANGIOENDOTHELIOMA
Infantile hepatic hemangioendothelioma (IHH)
represents a relatively common liver tumor in children,
accounting for 12% of all pediatric liver tumors in
surgical studies. About half of cases occur as solitary
[7,12,43,44]
masses, with the other half being multifocal
.
All races are affected, with an increased risk for fairskinned individuals. Female infants are three times
[45]
more likely to develop IHH than male infants . There
is an increased prevalence in patients with hemi[46]
hypertrophy and Beckwith-Wiedemann syndrome .
Approximately one third of cases are detected in
the first month of life, while less than 5% of cases are
diagnosed beyond 1 year of age. They have a peak
presentation at 6 months of age, with hepatomegaly
[7,18,47-52]
or an abdominal mass
. The natural course
is typical, with presentation shortly after birth, rapid
proliferation in the first year of life, and spontaneous
[53]
involution over a period of years .
AFP levels are usually within normal reference
ranges for age. Some cases with increased serum
levels have been reported, possibly due to the
[54-56]
entrapping of hepatocytes within the IHH tumor
.
IHH were subdivided into well-demarked and
infiltrative growth patterns. Histologically, two types
of IHH exist. Type Ⅰ IHH is composed of proliferating
small capillary-like vessels (bloodless or dilated)
[57]
lined by bland or plump endothelial cells . Vascular
channels are separated by variable connective tissue.
In some cases, extramedullary hematopoiesis is
present. Involution and regression with thrombosis
and fibrosis with calcification are common features.
The histopathological characteristics of type Ⅱ IHH
are equivalent to those found in angiosarcomas with
aggressive behavior.
Previously grouped together as infantile hepatic
hemangioendothelioma, pediatric benign hepatic
vascular tumors have recently been shown to be at
least two different lesions: hepatic infantile hemangioma
and congenital hepatic vascular malformation with
associated capillary proliferation (HVMCP). The first type
(infantile or juvenile hemangioma) often presents as
multiple masses (then referred to as hemangiomatosis),
and usually involutes and regresses. If the neonatal
hemangiomatosis is diffuse, including skin and liver
manifestations, the prognosis is seriously worse due to
[58]
an increased risk of hemorrhage . The other type has
been called a vascular malformation. GLUT1 endothelial
reactivity distinguishes the two entities histologically:
hepatic infantile hemangiomas stain positively for
GLUT1, whereas the hepatic vascular malformations
[59]
do not exhibit GLUT1 immunoreactivity .
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CEUS: Tumor-specific vascularization patterns such
as a nodular peripheral enhancement and partial or
complete centripetal fill-in pattern in hemangiomas
could be assessed in the majority of lesions, but not
[62]
all . It is vital for diagnosis that the nodules are
hyperenhanced during all phases and that bubble
[63]
destruction is avoided .
CT: CT has been the main diagnostic tool in the past,
but this is no longer true due partially to its diminished
resolution in infants and small children, but mainly due
[31]
to significant radiation exposure . In patients with
IHH, CT shows a well-defined hypodense liver mass on
non-enhanced examination, sometimes with speckled
calcifications (in up to 50% of cases). After contrast
agent administration, IHH enhances in a similar way
with adult hemangiomas: peripheral enhancement
during arterial time, with progressive centripetal fillin demonstrated during portal and venous phases. On
delayed enhanced images, IHH shows a characteristic
persistent enhancement, which is a distinct feature
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effect on heart function, and is usually good if heart
failure is managed successfully in cases of lesions
with a high shunt volume. Spontaneous regression is
frequent, but death may still occur within the first 6
mo of life because of cardiac failure or replacement of
[70,73,74]
normal hepatic parenchyma
.
Although IHH is usually a benign lesion, it may
show malignant potential, with cases of malignant
[6,64,68,75-78]
sarcomatous transformation being reported
.
Histology was not proved to be predictive of malignant
potential, although older children are usually
considered to be at higher risk. This points to the need
for regular evaluation of this tumor until complete
[79]
regression .

Figure 1 Infantile hemangioma with arterial hypervascularity shown by
color doppler imaging.

Mesenchymal hamartoma

compared with other liver tumors. If the mass is
large with central hemorrhage, necrosis, or fibrosis,
enhancement will be inhomogeneous. Small multifocal
lesions enhance intensely and homogeneously. The
appearance may be mistaken for metastases. Diffuse
involvement presents with innumerable lesions with
[12,23,51,60,61,64-66]
centripetal enhancement
.

Mesenchymal hamartoma of the liver (MHL) is the
second most common benign hepatic tumor in children
according to surgical studies, accounting for 8% of all
[13,80,81]
pediatric hepatic tumors
. The rate in imaging
experience is much lower. The term ‘mesenchymal
hamartoma’ was introduced by Edmondson in 1956,
describing a cystic mesenchymal lesion, chiefly
composed of connective tissue and containing much
[82]
serous fluid . Before, it had been described in the
literature under various names, including pseudocystic
mesenchymal tumor, giant cell lymphangioma, cystic
hamartoma, bile cell fibroadenoma, hamartoma, and
[19]
cavernous lymphangiomatoid tumor . It is a rare
benign tumor, usually presenting within the first 2
years of life (80% of cases), with a median age at
presentation of 10 mo. Nearly all lesions (95% of
[80,81]
cases) are diagnosed by the age of 5 years
. Cases
[83]
of MHL in fetus have been reported , with rare cases
[84,85]
in adults also being reported
. The male to female
[64,80,81]
ratio is 3:2
. The right lobe is affected more
frequently than the left one (6:1). Sometimes it may
[13,80,81]
be pedunculated, with a thin or thick pedicle
.
The tumor is often large, with Kim et al finding tumors
[86]
to be larger than 10 cm in 85% of patients .
The etiology is uncertain. Typically, MHL are not
associated with other anomalies, but associations with
congenital heart disease, gut malrotation, omphalocele,
myelomeningocele, Beckwith-Wiedemann syndrome,
biliary atresia, and abnormalities of chromosome 19
[21,87,88]
have been reported
. A rare case of a giant MHL
in a neonate, associated with malrotation of bowel, has
[89]
recently been presented in the literature .
Abdominal swelling with or without a large,
firm, and smooth abdominal mass is usually the
predominant clinical feature. Abdominal pain, anorexia,
vomiting, fever, constipation, diarrhea, and poor
weight gain or weight loss have also been reported.
Being a space occupying lesion, if the mass is very
large it may compress adjacent organs, resulting
in various complications, such as ascites, jaundice,

MRI: IHH are generally hypointense on pre-contrast
T1-weighted images, sometimes with hyperintense
[51]
foci reflecting hemorrhage . T2-weighted and
gradient-echo sequences, as well as dynamic
gadolinium-enhanced imaging, allow confident
[60,67,68]
diagnosis
. On T2-weighted sequence, IHH has
a similar appearance to that of adult hemangiomas,
being markedly hyperintense due to its vascular
nature. Larger lesions may be inhomogeneous due to
hemorrhage, necrosis, central thrombosis, or fibrosis,
while smaller lesions usually have homogeneous signal
intensity. The enhancement pattern is similar to that
seen on contrast-enhanced CT, with a centripetal fill-in
[51,60,61]
pattern
.

Other imaging techniques

Arteriography is currently reserved for patients with
complications from arteriovenous shunts in whom the
[12,51,67]
use of embolization is considered
.
Scintigraphy, both with technetium 99m (99mTc)labeled sulfur colloid and 99mTc-tagged red blood
cells, was previously considered but that is no longer
the case, showing the lesion as a cold spot because of
[12,51,69,70]
a lack of Kupffer cells within the tumor
.
US, associated with share wave elastography, is
an additive tool to characterize hemangiomas and
differentiate liver hemangiomas from malignant liver
[71]
tumors in the pediatric population .

Treatment and prognosis

The treatment algorithm is based on imaging features
[72]
and on the presence or absence of complications .
The prognosis of lesions is dependent on size and the
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[10,21,44,81,82,90-101]

or even congestive heart failure
.
Visible engorged veins over the anterior abdominal
wall and lower limb edema due to inferior vena
[19,21]
cava compression may sometimes be noticed
.
Respiratory distress may be caused by upward shift on
[10,19]
the diaphragm
.
No specific panel of laboratory tests is characteristic
[102]
of MHL
. Although liver function tests usually
remain within normal limits, liver enzymes may be
[21,103]
moderately elevated
. AFP is usually within normal
[85,95,104,105]
ranges
, but may be also mildly elevated,
presumably originating from the peripheral hepatocyte
[56,95,105-109]
component of the lesion
. If serum AFP level
is elevated at diagnosis, its level will decrease to
[21,95,101]
normal after complete resection of the tumor
.
Microscopically, MHL consists of spindle cells
in a myxoid background, with occasional areas of
extramedullary hematopoiesis, all in a disordered
arrangement of mesenchyme, malformed bile ducts,
and cords of normal-appearing hepatocytes. It has
a porous nature which permits accumulation of fluid
within cystic spaces, leading to tumor enlargement of
[21,81,84,99,110,111]
up to 30 cm
. If this happens rapidly, it
[112-114]
may cause respiratory distress
. Cytogenetically,
these tumors are characterized by translocations
involving 19q13.4.
Depending upon the amount and nature of the
myxoid stroma, it may present as a cystic, mixed, or
solid mass.

components are also noted, being usually isoechoic
to the liver and minimally vascularized. The mixed
tumors are formed by multiple tiny anechoic areas
with posterior enhancement and intervening isoechoic
to hyperechoic solid tissue, leading to a sieve-like
appearance at high-resolution US. Portions with very
small cysts may appear completely solid at US. When
the solid component is much better represented, the
septa between the cysts may be irregularly thickened,
and the solid portion may present with heterogeneous
hyperechogenicity. Few cases of MHL appearing as
a well-defined homogeneous echogenic mass have
been described. The surrounding liver parenchyma is
normal, but the surrounding portal and hepatic veins
may be displaced. Color and power Doppler may
detect relatively little, with linear blood flow limited to
the solid portions and septa. A true capsule is generally
not present, and the tumor can grow to a large
[12,21,107,117-121]
size
. Calcification, significant necrosis, and
[21,64,86]
bleeding into the lesion are rare
.
CEUS: CEUS shows isoenhancement in the non-cystic
[122]
parts of the lesion in all phases . The cystic parts are
non-enhancing.
CT: The CT appearance of MHL is that of a complex
cystic mass, with cystic components of water
attenuation being unenhanced after contrast agent
administration. Stromal components hypoattenuate
to the surrounding liver parenchyma, and, after
administration of iodinated intravenous contrast
material, the solid components and the septa present
[12,64,110,123]
enhancement
.

Imaging features

The imaging appearance of MHL depends on its
pathologic appearance and constitutes a wide
spectrum, from a predominantly cystic, avascular
mass with thin or thick septa, to a predominantly
solid (stromal or mesenchymal), hypovascular mass
[110]
containing only few small cysts .

MRI: The amount of cystic versus stromal components
and the protein content of the fluid cysts are factors
that influence the MRI features of MHL. The cystic
portions present high signal intensity on T2-weighted
images, and variable signal intensity on T1-weighted
images, depending on the protein content. Owing
to fibrosis, solid portions may appear hypointense
to the adjacent liver parenchyma on both T1- and
T2-weighted images. After gadolinium injection,
solid parts may show mild enhancement, as well as
[15,44,64,110,123]
enhancement within the septa
.
Differential diagnosis enrolls entities with varying
[124]
amounts of solid and cystic components
. The
cystic form of MHL must be distinguished from
hydatid cyst, IHH, hepatoblastoma, and biliary
rhabdomyosarcoma, which can all overlap considerably
[124,125]
in their appearance
. Cases of cystic MHL
mimicking a hydatid cyst have been described in the
[103]
literature , with some children being inappropriately
[94,124]
treated for presumed hydatid disease
. The
differential diagnosis of the solid form of MHL includes
various hepatic tumors, such as hepatoblastoma,
[86]
hepatocellular carcinoma (HCC), IHH, HA, and FNH .
Some imaging features of MHL are useful elements

US: Prenatal US usually detects MHL during the last
trimester of pregnancy (mean gestational age: 35
[50]
wk) . It is associated with rising AFP or human
chorionic gonadotropin levels in the maternal serum
[21,50,83,115]
and polyhydramnios
. The most commonly
described presentation was that of a fetal abdominal
cystic mass, of which the organ of origin can be hard
[50,116]
to determine
.
On post-natal US, MHL has a wide spectrum of
sonographic features depending on whether it is
in its cystic, mixed, or solid form. The cystic form
presents as a well-defined multicystic mass. The cysts
are anechoic or nearly anechoic, and are variable in
size, separated by thin or thick echogenic and mobile
septa. Sometimes, internal debris with fluid-fluid
level inside the cysts may be seen, as well as lowlevel echoes within the fluid, presumably reflecting
gelatinous contents. US findings of round hyperechoic
parietal nodules within the cystic spaces are specific
for MHL. In the mixed form, variable amounts of solid
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[132,133]

for differential diagnosis: the absence of a capsule,
a multi-septated cystic appearance (rarely seen in
other pediatric hepatic tumors, and the absence of
intratumoral calcifications, which were very rarely
reported in MHL, but can be frequently detected in
[44]
hepatoblastomas (over 50%) or IHHs (up to 40%) .

The majority of FNHs are asymptomatic
,
with only 20%-36% of cases showing symptoms, as
[140,142]
reported by different authors
. When present,
the clinical manifestations of FNH in children are
non-specific, with the commonest being that of a
palpable abdominal mass associated or unassociated
[11,12]
[142]
with abdominal pain
. Lautz et al
found that
pediatric FNH patients with a history of malignancy
were significantly less likely to be symptomatic, had
lesions much smaller in size, and fewer patients
required resection of the lesion as compared with
patients without a malignancy history. It also seems
that pediatric patients with a history of malignancy
are more likely to have multiple FNH nodules and less
likely to have central scars, while pediatric patients
without a history of malignant lesions are more likely
[151-153]
to have FNH lesions with central scars
.
Laboratory testing results often do not show clinical
significance, and tumor markers, such as AFP, are
[12,140,154,155]
usually within normal ranges for age
.
FNH of the liver is a non-neoplastic lesion cha
racterized by three classical histological findings:
abnormal architecture (“focal cirrhosis”), bile duct
[129]
proliferation, and malformed vessels
. Portal triads
are lacking. The diameter of the lesion is extremely
variable, from less than 1 cm to more than 15 cm,
but is usually less than 5 cm and located near the
[64,135]
liver surface
. The central scar contains thick
fibrous areas with large vessels showing dysplastic
features (e.g., fibromuscular hyperplasia). Atypical
hepatocytes and atypical mitotic figures are lacking.
In the literature, some subtypes of FNH are described
(e.g., the telangiectatic form with multiple dilated
vascular channels in the center of the mass that
is currently handled as hepatocellular adenoma).
However, these different types may not have any
clinical consequences.

Treatment and prognosis

Diagnosis is typically made during infancy, sometimes
incidentally, and the prognosis is excellent. Complete
resection, as an anatomic hepatic lobectomy or nonanatomically with a rim of normal tissue, is curative in
[10]
most cases, and long-term follow-up is satisfactory .
In cases considered unresectable, surgical options
[8,19,102,126]
include enucleation and marsupialization
.
[21]
Very rarely, liver transplantation may be needed .
Recently, laparoscopic liver resection for MHL has been
[127]
reported with successful results
. Since recurrence
and malignant transformation have been rarely
[128]
observed, careful follow-up is warranted .

FOCAL NODULAR HYPERPLASIA
Focal nodular hyperplasia (FNH) is defined as a
nodule composed of benign-appearing hepatocytes
(“focal liver cirrhosis”) with bile duct proliferations
and vascular anomalies occurring in healthy liver
[129,130]
parenchyma
. The term FNH was introduced by
[131]
. In the general population,
Edmondson in 1958
these types of ductal plate malformations are
commonly observed and diagnosis is feasible using
CEUS. However, surgery for FNH is rarely indicated.
Pediatric cases of FNH are unusual, accounting for
only 15% of all reported cases of FNH and representing
2% to 7% of all pediatric hepatic tumors and 0.02% of
[11,13,132-134]
all pediatric tumors
. FNH has been reported
in all pediatric age groups, including early childhood,
prenatal, and neonatal periods, but there is an age
[135-139]
prevalence in 7-8 year-old children
. There is
a female predominance in the pediatric age group,
[11,12,133,140,141]
as is the cases in adults as well
. In a
large series of 172 cases of pediatric FNH, Lautz et
[142]
al
found that 66% (113/172) of cases occurred in
females. Multiple FNH lesions are found in about one
[132]
third of cases .
The pathogenesis of FNH is largely unknown.
Evidence of polyclonality in different DNA studies
excludes a neoplastic lesion nature and further
supports the hypothesis of a possible reactive
hyperplastic response of liver cells to local vessel
[143]
abnormalities
. Vascular malformations, such as
hypoplasia or agenesis of the portal vein, vascular
dysplasia, Budd-Chiari syndrome, hereditary hemo
rrhagic telangiectasia, and vascular injuries, such
as thrombosis, vasculitis, intimal hyperplasia, high
sinusoidal pressure, or increased flow after pediatric
oncological therapy, have all been suggested as the
[144-150]
underlying mechanism
.
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Imaging features

US: The classical appearance of FNH on US is that of a
homogeneous, well-circumscribed mass, with variable
echogenicity, central or eccentric vascular supply, and
a typical stellate hyperechoic central scar. Calcifications
[12,19,132,135,140,156]
are rare
. On color and power Doppler
sonography, increased blood flow in the central scar
extending to the periphery in a spoke-wheel pattern
may be seen in 50% of cases, with the flow being
predominantly arterial, with high speed and low
resistance.
CEUS: A predominant arterial and portal venous
enhancement pattern is typical in 96% of cases
[63,122,123,135,157-162]
.
Tumor-specific vascularization patterns, such as
a wheel-spoke pattern and homogeneous arterial
hyperenhancement followed by isoenhancement in
the portal and late venous phases in FNH, or a nodular
peripheral enhancement and partial or complete fill-
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Figure 2 Hepatoblastoma in a 2-year-old boy using contrast-enhanced
ultrasound with SonoVue. The malignant nature of the tumor is shown by
portal venous hypoenhancement.

Figure 3 Metastasis of neuroblastoma using contrast-enhanced
ultrasound with SonoVue. The malignant nature of the tumor is shown by
portal venous hypoenhancement.

in pattern in hemangiomas, could be assessed in
[62]
the majority of lesions, but not all . Differentiation
from a malignant lesion can be easily made by the
use of CEUS, since malignant tumors present with
hypoenhancement during the portal and/or late
venous phases (Figures 2 and 3).

diagnostic tool. The presence of the central scar is
also a useful diagnostic sign in patients with a solidary
hypervascular lesion and a history of malignancy. In
these cases, liver metastasis must be ruled out, but
since most metastases do not exhibit a central scar,
identifying this feature may be of great diagnostic
[163,167]
help
.

CT: On an unenhanced CT scan, FNH has a typical
appearance of a well-circumscribed mass with
a lobular outline, is isodense/slightly hypodense
to the surrounding liver parenchyma, and has
a hypoattenuating central scar. It has a typical
homogeneous appearance, which is a very helpful
feature for distinguishing FNH from malignant tumors,
which are more likely to appear heterogeneous
due to hemorrhage, necrosis, and calcifications.
After contrast agent injection, the lesion exhibits a
characteristic pattern of enhancement. It typically
enhances homogeneously in the arterial and early
portal venous phases, earlier and more intense than
the adjacent parenchyma due to its arterial supply,
and becomes isoattenuating to the liver in the late
portal venous and delayed phases. The stellate scar is
typically hypoattenuating on early contrast-enhanced
images and demonstrates enhancement on delayed
images. An enhancing artery may be seen within the
hypoattenuating scar on arterial phase images. In
cases of atypical appearances, such as the absence
of a central scar, rapid washout of contrast material
in the portal venous phase, lack of enhancement of
the central scar on delayed images, early draining
veins, and partial peripheral rim-like enhancement
on delayed images, a biopsy is mandatory in order
[12,123,156,161,163-166]
to establish the correct diagnosis
.
The need for acquisitions in several phases, with a
consequently high dose of radiation, raises questions
as to whether this is an appropriate diagnostic method
[44]
in children .
Due to its pathological features, mostly being
composed of hepatocytes, FNH may be unapparent
on conventional US or unenhanced CT, except for a
potential mass effect on adjacent structures. In these
cases, the presence of the central scar is a very useful
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MRI: On MRI images, FNH typically appears
homogeneous and isointense/slightly hypointense
to the liver on T1-weighted images and isointense/
slightly hyperintense on T2-weighted images. The
central scar is hypointense on T1-weighted images
and hyperintense on T2-weighted images (in 75% of
cases) owing to edema within the myxomatous tissue
of the scar. After gadolinium administration, the mass
enhances homogeneously, being hyperintense to the
liver in the arterial phase. During the portal venous
phase, the mass may rest slightly hyperintense to
the liver, or it may become isointense. The central
scar, in general, demonstrates enhancement during
the delayed phase. The presence of a hyperintense
T2-weighted central scar with delayed enhancement
is particularly helpful in distinguishing FNH from
fibrolamellar carcinoma, which also demonstrates a
central scar but with different features (hypointense
on T2-weighted images due to its collagenous
content and does not enhance during delayed
[12,64,123,161,168-171]
images)
. MRI with hepatobiliaryspecific contrast agents is an excellent diagnostic
choice for characterizing FNH, as it usually allows the
separation of FNH from other liver lesions on MRI.
FNH contains normal hepatocytes, which readily take
up hepatobiliary-specific contrast agents, but because
of the malformed bile ducts present in FNH the
hepatocytes fail to excrete it. Thus, FNH lesions readily
enhance on the arterial phase of imaging and continue
to enhance for an extended period, remaining high
in signal intensity long after other liver lesions have
washed-out (compared with the normal surrounding
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[13]

liver parenchyma). This allows a confident differential
diagnosis between FNH and metastases, or other
[16,172-174]
malignant tumors
.
CEUS and MRI are extremely reliable for the
differentiation of benign and malignant lesions and for
[175]
the diagnosis of liver hemangiomas and FNHs .

Other imaging techniques

The scintigraphic appearance of FNH is characteristic,
with 99mTc sulfur colloid imaging presenting normal
uptake in 60%-75% of lesions, owing to the presence of
Kupffer cells. This feature is very helpful in distinguishing
[19,161,176]
FNH from HA and malignant tumors
.

Natural history, treatment, and prognosis

The natural history of FNH is characterized by the
absence of malignant transformation. Complications
such as tumor rupture, necrosis, and hemorrhage are
[11,12,64,140,177-182]
rare
. The mass remains stable in about
2/3 of cases, while in about 1/3-1/4 of cases it may
show gradual spontaneous improvement that can
even go as far as complete remission. An increase in
[183,184]
[185]
number or size is rare
. Di Stasi et al
detected
a reduction in size or complete resolution of FNH in
50% of patients that were followed-up by US for a
mean period of 33 mo.
If a confident diagnosis of FNH can be made
using imaging methods, no treatment is needed in
asymptomatic patients. Cases will be followed-up
with serial US every 6-12 mo. In patients with clinical,
biochemical, or imaging features that are not typical
of FNH, a histologic diagnosis is necessary. Only cases
of voluminous masses with tumor enlargement or
which will become symptomatic will be considered for
[11,132,147,154,178,181,186-188]
resection
. Recurrences are very
[135]
rare after surgical removal
. Surgical treatment
will also be considered in pediatric patients in whom
malignancy cannot be ruled out confidently. In
order to avoid unnecessary surgical resection, it is
important to differentiate by imaging FNH from other
[12,142,189,190]
FLLs
.

nodular regenerative hyperplasia
Nodular regenerative hyperplasia (NRH) is a rare
benign process of the liver, first defined by Steiner
in 1959. The normal hepatic architecture is entirely
replaced by small diffuse regenerative nodules of
hepatocytes surrounded by atrophic liver, in the
absence of fibrosis. The nodules vary in size, from
a few millimeters to several centimeters. NRH is
considered a major cause of portal hypertension in
[12,191-196]
young, non-cirrhotic patients
.
It occurs predominantly in adult patients between
[191,197]
25 and 60 years of age
, with rare cases in
[130,140,197-207]
children and even fetuses
. Stocker
demonstrated in his study that, of a large series of
716 pediatric tumors, NRH cases represented 4.5% of
cases and 2.1% of liver tumors from birth to two years
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of age . From the age of 5 to 20 years, it is the 4
most common liver tumor in children after HCC, FNH,
[202]
and undifferentiated embryonal sarcoma .
The vascular hypothesis considers microcirculatory
disturbances, related either to lesions of small
intrahepatic venous or arterial vessels, or to primary
alterations of the sinusoidal wall, with consecutive
obliteration or thrombus, as being the basic pathologic
lesion. Vascular disorders lead to successive episodes
of atrophy, followed by compensatory regeneration.
This theory has been also considered as the underlying
cause of other benign nodular lesions, such as FNH.
However, the precise mechanisms by which circulatory
disturbances could cause these lesions have not yet
been elucidated.
The disease may be idiopathic, but associations
with various systemic diseases or cytotoxic and
immunosuppressive drug intake, which can induce
[145,192,195,200,208]
thrombotic venopathy, have been reported
.
These consist of: myeloproliferative syndromes,
lymphoproliferative syndromes, pancytopenia,
thrombocytopenia, idiopathic thrombocytopenic
purpura, chronic vascular disorders, congenital heart
disease, multiple organ malformations, chronic BuddChiari syndrome, Felty syndrome, Vater syndrome,
Donohue syndrome, Krabbe disease, Still’s disease,
polyarteritis nodosa, scleroderma, calcinosis cutis,
Raynaud’s phenomenon, sclerodactyly, telangiectasia,
lupus erythematosus, antiphospholipid syndrome,
hypersplenism, hepatic/abdominal/retroperitoneal tumor,
sacrococcygeal teratoma, AIDS, and use of steroids
[123,140,193,195,198,201-207,209-213]
or antineoplastic medication
.
It is often associated with patients suffering from
inflammatory bowel disease treated with thioguanine or
azathioprine.
Rare pediatric cases are mostly in association
[214]
with the congenital absence of the portal vein
.
[215]
Devarbhavi et al
reported 14 cases of patients
who developed NRH occurring de novo following liver
transplantation, from which two pediatric patients
had symptomatic NRH: one 4.8-year-old male child
who underwent liver transplantation for biliary atresia
and an 18 year-old male patient who underwent liver
transplantation for primary sclerosing cholangitis. The
results of this study suggest that development of NRH
post liver transplantation occurs in approximately 1%
of transplanted patients. Familial cases have also been
[123]
[216]
described , with Dumortier et al
reporting familial
occurrence of NRH in three families.
During the initial stages, most patients have no
symptoms attributable to NRH, leading to a challenging
diagnosis. The disease is discovered incidentally during
abdominal imaging performed for various reasons. In
these cases, no further interventions are required since
the progression of the disease is slow or absent.
In advanced stages, portal hypertension is the most
often associated finding (in up to 50% of cases), with
NRH being one of the major causes of non-cirrhotic
portal hypertension in the Western world, apart from
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of normal hepatic architecture may be the only
sonographic finding. When lesions present a
sonolucent rim, they may be hard to distinguish from
metastases. Hyperechoic nodules have been reported
in very rare cases of NRH, sometimes with hypoechoic
centers. This finding is possibly related to prior
[199,200,222]
hemorrhage
. No specific enhancement pattern
[39,40,162]
has been described by CEUS so far
.
ct: On CT scan, regenerative nodules are usually
hypoattenuating to the normal liver on pre-contrast
images, although they may be also isoattenuating.
They usually do not enhance after intravenous
administration of iodinated contrast material, remai
ning isodense or hypodense in both arterial and portal
venous phases. This distinguishes NRH from FNH
and HAs. Occasionally, they may enhance diffusely or
demonstrate peripheral rim-like enhancement.
Differential diagnosis with regenerative nodules
of cirrhosis may be challenging on both US and CT
[64,195,199,200,202,206,213,214,221,222]
imaging
.

Figure 4 Focal biliary cirrhosis in cystic fibrosis.

portal vein thrombosis due to umbilical catheterization.
In all cases of abnormal liver enzymes, both in
pediatric and adult patients, NRH should be considered
in the differential diagnosis. NRH should also be
considered in young patients with portal hypertension
[12,191,196,202]
and no evidence of portal vein thrombosis
.
Histopathology is the diagnostic standard,
demonstrating diffuse regenerative micronodular
transformation of the liver (multiple monoacinar
regenerative nodules that involve most areas of the
liver) without parietal thickening of portal venules
or a central scar. Fibrosis is absent or minimal in the
perisinusoidal or periportal areas on reticulin staining.
Nodules are between 1-3 mm in diameter, but can
rarely be larger, and may even coalesce into a large
tumor. Granularity of the hepatic surface may resemble
micronodular cirrhosis, but the absence of fibrous
septa distinguishes NRH from the regenerative nodules
[129,193,196,200,214,217-219]
encountered in the cirrhotic liver
(Figure 4).
Particular attention should be given to the size of
the biopsy sample, since histologic features of NRH
may be lacking or incomplete if the sample is too
[140,220]
small
.
Evidence of central hemorrhage or infarction may
[140]
be noted in larger lesions .

MRI: On MRI, regenerative nodules are commonly
homogeneous and slightly hyperintense on T1weighted images, and may contain foci of high signal
intensity compatible with hemorrhage. On T2-weighted
images, the lesions are iso-/hypointense to normal
liver. Sometimes, a T1 hyper- or hypointense or T2
hyperintense rim may be noted. On fat-suppressed
T1-weighted images, decreased signal intensity
may be observed due to intra-cellular fat, similar to
findings in HA. The nodules may present gadolinium
enhancement preferentially in the portal venous
phase, similar to normal liver parenchyma. This is an
important feature for distinguishing NRH nodules from
other FLLs which may present similar imaging aspects
(like FNH, HA, or metastatic disease) and demonstrate
arterial phase enhancement, while NRH does not.
However, reports are few and the utility of MRI in the
[12,199,213,222-224]
diagnosis of NRH is still controversial
. The
sensitivity and specificity of MRI for the diagnosis of
NRH are 70%-80% when using gadolinium contrast,
[225]
as reported by Zech et al , with more disappointing
[226]
results reported by Laharie et al .

Imaging features

The radiological features of NRH are relatively nonspecific, with imaging methods for it have poor
[64,221]
sensitivity and specificity
. The appearance of
NRH at imaging is variable and depends in part on the
size of the nodules. Tiny nodules diffusely distributed
within the liver may not be detected by imaging. If
the nodules coalesce, they may become evident by
imaging. Findings related to portal hypertension,
including esophagogastric varicose veins, ascites, and
[200]
splenomegaly, may be observed .

Treatment, prognosis, and follow-up

Once established, treatment is directed toward the
causative factor. When portal hypertension develops,
often associated with esophageal varicose veins (with/
without bleeding) and ascites, therapy is directed to
[216]
its management
. In most cases, the disease is
slowly progressive and the prognosis is better than
that of other chronic liver diseases. Sometimes,
the rate of nodular growth may be accelerated for
[227]
unknown reasons
. Once diagnosed, follow-up of
these children is mandatory due to possible future
complications. Of these, portal hypertension is mostly
encountered, but cases of malignant transformation of
[202]
a long standing disease have been reported .

us: NRH lesions are multiple, tiny, well-circumscribed,
homogeneous, and hypo-/isoechoic on US, but due
to their small size or isoechogenicity, the nodules
are often not visible. A diffusely heterogeneous
echotexture of the hepatic parenchyma or distortion
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The results of liver function tests are usually
[12]
normal, with no elevation of AFP level .
Histologically, HA is a well-circumscribed lesion of
1-15 cm in diameter, frequently presenting areas of
necrosis, hemorrhage, myxoid stroma, or calcifications.
They are usually unencapsulated, although a fibrous
pseudocapsule of compressed adjacent hepatic
parenchyma may be present. HA is composed of
benign-appearing hepatocytes, which may contain
increased amounts of fat and glycogen, and are
organized in sheets or cords. It is characterized by
scattered thin-walled vascular channels within the
mass and the absence of portal and central veins and
bile ducts or connective tissue. A predisposition to
hemorrhage may be due to the peritumoral arteries,
as well as poor connective tissue support. In most
cases, histologic assessment of the tumor is necessary
[1,12,140,240,252]
in order to adapt its management
. The
classification into genetic subcategories of HAs is so
far limited to adult cases. Data concerning genetic
abnormalities in HAs of infants are so far lacking.

HEPATIC ADENOMA
Hepatic adenoma (HA) is a spherical or ovoid,
[140]
well-circumscribed, benign tumor of the liver
.
It constitutes 2% to 4% of all liver tumors in
[228,229]
children
, and up to 21% of all pediatric benign
[8,230-232]
liver tumors
. HAs are solitary masses in
approximately 70%-80% of cases. Multiple HAs
are more frequently observed in predisposed
[140,233]
children
. Liver adenomatosis has been defined as
a separate entity, consisting of over 10 adenomas per
patient without underlying glycogen storage disease
[12,234,235]
or steroid use
. Sex ratio is variable in different
studies, the female predominance observed in adults
[230]
not being a rule in children
. Still, some reports
suggest that pediatric patients mainly consist of girls
over 10 years old, most of whom have a history of oral
[81,236]
contraceptive use
. The mean age at diagnosis is
around 14 years. Rare cases have also been described
[232]
[229]
in younger children
and even in utero . HA before
the age of one year is exceptional, with the youngest
reported case being of a three-week-old patient with
[237]
multiple congenital anomalies .
During childhood, HAs are more frequently asso
ciated with predisposing factors such as glycogen
storage diseases type Ⅰ and Ⅲ, anabolic androgenic
steroid treatments with or without Fanconi anemia,
seizure disorder patients who are on carbamazepine
therapy, congenital or surgical portosystemic shunts,
germline mutation of the HNF-1α gene, familial
adenomatosis polyposis, Hurler syndrome, Turcot
syndrome, Lynch syndrome, immunodeficiency
syndrome, tyrosinemia, galactosemia, and diabetes
[147,229,232,234,238-243]
mellitus
. An exceptional case of a
patient with polycystic ovarian syndrome and HA has
[244]
been reported
, and a previously unreported cooccurrence of ovarian Sertoli-Leydig cell tumor with HA
[245]
in a 14 year old girl has been published .
In individuals with glycogen storage disease Ⅰ ,
HA tends to occur at a relatively younger age,
and patients are prone to having multiple lesions
[152,228]
and hemorrhages
. A study of the genotypephenotype profile of HA in children concerning
glycogen storage disease type Ⅰ showed a high
frequency of β-catenin mutations and a lack of HNF[246]
1α inactivation
. In children with Fanconi anemia
and in those under androgen therapy with or without
Fanconi anemia, liver tumors can occur in about 3% of
[247]
[248,249]
patients , with most being HAs
.
Although rare, a few cases of spontaneous HAs
not associated with any hormonal or metabolic
abnormalities have been reported in children. In these
cases, HAs can be found incidentally during imaging
for unrelated pathology. A biopsy of the non-tumoral
liver may be necessary in order to depict underlying
[1,64,229,250,251]
liver disease
.
Patients are usually asymptomatic. They may
present with an abdominal mass, with or without acute
[12]
or chronic abdominal pain .
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Imaging features

Very little data on the imaging features of HA are
available for children, making diagnosis based on
imaging appearance challenging. The appearance
of HA on imaging varies depending on its pathologic
composition. Those without hemorrhage and necrosis
are homogeneous and similar in appearance to the
adjacent normal liver parenchyma, while the presence
of intratumoral hemorrhage or intracellular fat pro
[12]
duces distinguishing imaging features .
us: The sonographic appearance of HA is that of a
well-delineated and heterogeneous solid mass. Lesions
with high lipid content or recent hemorrhage may be
hyperechoic to the normal liver parenchyma. After
time, old blood will become hypoechoic, mimicking
a cyst. In predisposed children with diffuse fatty
infiltration of the liver in glycogen storage diseases,
HAs may be hypoechoic to the surrounding liver
parenchyma. US is the screening tool for predisposed
children with glycogen storage diseases and should
be performed at least annually. The main concern
is the detection of malignant transformation, and
can be suspected when an increase in size or a
[1,228,253]
change in tumor aspect are detected
. Doppler
might show variable peritumoral arterial and venous
[12,254]
waveforms
.
CEUS: In contrast to FNH, which has a predominantly
central arterial flow, HA has homogenous enhancing
vessels in the arterial time and non-enhancing in the
portal venous phase due to a lack of portal veins.
HNF-1α-inactivated HAs and inflammatory HAs
have characteristic CEUS patterns. Delayed washout,
which is otherwise an unusual finding in benign hepatic
lesions, is of particular interest, and is characteristic for
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[255]

the inflammatory HA subtype

[1,12,152,228,238,240,251,258-260]

.

lesions
.
Experience with hepatocyte-specific agents, such
as gadobenate dimeglumine, suggests that the lack
of bile ducts can be used to distinguish between HAs
and FNHs. Because of their lack of biliary ducts, HAs
do not enhance and are typically hypointense to liver
parenchyma on hepatocyte phase imaging, while FNH
often demonstrates hyperenhancement during that
[16,261]
phase
.

CT: At CT, HAs are typically spherical, sharply
delineated masses, with a heterogeneous structure
due to hemorrhage, fat, or necrosis. A pseudocapsule
[240,252]
may be seen in up to 25%-30% of cases
.
Most lesions are hypoattenuating on unenhanced
images compared to normal liver, with heterogeneous
content due to areas of fat (seen at CT in 7%-10% of
cases), and calcifications (seen at CT in 5%-15% of
[240,252,253]
cases)
. Areas of recent hemorrhage with a
hyperattenuating appearance are seen in 15%-43%
[165,240,252,256]
of cases
. The presence of hemorrhage and
heterogeneous attenuation is often the key to a correct
[165]
diagnosis .
After intravenous iodinate contrast agent admi
nistration, HA enhances heterogeneously (due to
necrosis, fat, hemorrhage, and calcification) during
the arterial phase, being hyperattenuating compared
to the normal liver. It then becomes isoattenuating
in the portal venous and delayed phases or present
with rapid wash-out. Smaller lesions usually present
[12,23]
homogeneous enhancement
.
HA does not present a central scar. This aspect
is helpful for differential diagnosis with FNH, which
also enhances during the arterial phase and presents
a central scar. The pattern of enhancement is also
different between the two lesions: HA presents with
heterogeneous enhancement, while FNH typically
[257]
enhances homogeneously .

Other imaging techniques

Nuclear medicine studies show non-specific findings. At
hepatobiliary scintigraphy, because of the lack of bile
ducts, HAs demonstrate increased uptake or retention
[262]
of the radiotracer .

Treatment, prognosis and, potential complications

With the discontinuation of oral contraceptives or the
institution of dietary therapy for glycogen storage
disease, some HAs spontaneously regress, while
others remain stable or enlarge. Complete surgical
resection of HAs is recommended whenever technically
feasible, especially if the tumor is larger than 5 cm
because of the risk of rupture and hemorrhage. In
cases of hemorrhage, embolization can be performed.
In cases of multiple HAs, resection of the largest
tumor and close follow-up of the remaining lesions
is the management of choice. Surgical treatment
is also indicated because of some reported cases
of HCC arising in both solitary and multiple HA
cases, particularly in those greater than 4 cm in
size. Percutaneous radiofrequency ablation is an
[1,230,232,251,262,263]
alternative to surgical resection
.
Potential complications of HA include hemorrhage
[244]
and malignant transformation . Hemorrhage is one
of the most important complication of HA, occurring
[238]
in approximately 10% of patients
. The risk of
bleeding increases with increasing tumor size and with
the duration of contraceptive use. It may occur inside
the lesion, usually in HAs larger than 4 cm and mixed
with necrotic changes, or it can occur outside the
lesion, with consecutive subcapsular hematoma and/or
hemoperitoneum. Clinically, it will present with severe
abdominal pain and possible hemodynamic disorders
or even hypovolemic shock. Fatal cases have been
reported in young patients with familial adenomatosis
related to HNF-1α mutation and Fanconi anemia,
with some occurring even after androgen therapy
[238,264-266]
discontinuation
.
The malignant transformation of HAs is extremely
rare in children, with reported cases being mainly
associated with glycogen storage disease, Fanconi
anemia with steroid therapy, and congenital portosystemic
shunts. Still, in these cases of associated pathologies,
potential regression of HA has been also reported,
especially under metabolic control, androgen withdraw,
[1,239,267-271]
or closure of the shunt, respectively
.

MRI: Besides CEUS, MRI is the best technique
to diagnose HA. On MRI sequences, HA patterns
will depend on the amount of fat, hemorrhage,
and necrosis within the mass. Generally, HAs are
heterogeneous, predominantly hyperintense on T1and T2-weighted images, and with signal loss on “inphase” and “out-of-phase” T1-sequence due to fatty
components. Sequences with fat saturation may also
be useful, but less sensitive. However, this finding is
not specific for HA, as 40% of HCCs also histologically
contain fat. The hyperintensity on T1- and T2weighted images may also be due to hemorrhage. The
enhancement pattern after intravenous administration
of gadolinium contrast material is similar to that seen
on a CT scan. HA present early arterial enhancement
in most cases and then become isointense to the liver
on portal venous and delayed phase images. It may
also present late wash-out, but not as important as
that seen in cases of HCCs. HCCs also present with
increased enhancement during the arterial phase
as compared to HAs. An enhanced pseudocapsule
can be visible on delayed acquisition. The kinetics of
enhancement is also important in the follow-up of
HAs, since a change in the enhancement pattern may
raise suspicions of malignant transformation. Diffusion
sequences may be helpful for the detection of small
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CONCLUSION
16

Focal liver lesions are commonly observed in adults,
but should also be recognized in children. Exact data
concerning the incidence of these common lesions
(hemangioma, FNH, or cysts) are lacking in children.
Most benign liver tumors are inborn and may grow like
the rest of the body. Exact descriptions of radiological
and histopathological features may help to differentiate
these lesions more clearly.
The use of CEUS in pediatric patients for char
acterizing liver lesions which remain indeterminate on
grey-scale US is a possible option to be adopted in the
future, and has the potential to reduce exposure to
[272]
ionizing radiation .
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MINIREVIEWS

MicroRNA expression in hepatitis C virus-related
malignancies: A brief review
Laura Gragnani, Alessia Piluso, Elisa Fognani, Anna Linda Zignego
a major public health problem, but also it can cause
hepatocellular carcinoma and, more rarely, nonHodgkin’s lymphoma. These characteristics mean that
HCV is the only virus infecting humans that is able to
cause two different cancers. The fine pathogenetic and
molecular mechanisms by which HCV induces these
two malignancies are not completely clear. In the last
decade, it has been shown that microRNAs (miRNAs),
a class of 21-23-nucleotide molecules modulating posttranscriptional gene expression, make an important
contribution to the pathogenesis of several cancers
and are also considered highly promising biomarkers.
Here, we briefly describe the current knowledge about
microRNAs’ involvement in HCV-related molecular
oncogenesis. We decided to focus our attention on
studies fully conducted on ex vivo samples with this
specific etiology, and on cultured cell lines partially
or completely expressing the HCV genome. Some of
the results reported in this review are controversial,
possibly because of methodological issues, differences
in sampling size and features, and ethnicity of patients.
What is certain is that miRNAs play a remarkable role
in regulating gene expression during oncogenetic
processes and in viral infection. A clear understanding
of their effects is fundamental to elucidating the
mechanisms underlying virus-induced malignancies.
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Core tip: Not only is chronic hepatitis C virus (HCV)
infection a major public health problem, but also it
can cause hepatocellular carcinoma (HCC) and, more
rarely, non-Hodgkin’s lymphoma. The mechanisms by
which the virus induces these malignancies are remain
unclear, however, it has become evident recently
that small molecules regulating gene expression, the
microRNAs, could be involved in these processes.

Abstract
Not only is chronic hepatitis C virus (HCV) infection
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The aim of this review was to establish order in the
rich literature concerning microRNAs in HCC and
lymphomas, by selecting only the results relating
to HCV-induced cancers from the multiple-etiology
analyses.

experimental anti-HCV drug (Miravirsen) targeting this
[8-12]
miRNA
.
At same time, the virus is responsible for the
modulation of other cellular miRNAs. In fact, some
authors have studied the effect of HCV proteins,
mainly the core protein, on cellular miRNA regulation.
The HCV core protein seems able to suppress the
activity of Dicer, the enzyme that plays a key role in
[13]
the production of mature miRNAs .
Some research conducted in vitro was designed
to better understand the mechanisms by which HCV
modulates the expression of miRNAs and promotes
evolution towards malignancy.
MiR-198 is downregulated in HCC. Decreased
expression of miR-198 is linked to the progression
of hepatocarcinogenesis and to the degree of liver
[14]
injury . An even more recent study conducted in vitro
showed that miR-198 overexpression in hepatoma
cells leads to a marked inhibition of cell growth and
[15]
migration . These results confirmed the crucial role of
miR-198 in hepatocellular carcinogenesis, suggesting
that it might act as a potent tumor suppressor by
inhibiting cell proliferation and migration (Table 1).
[16]
Using miRNA array analysis, Ishida et al demon
strated that the expressions of miR-192/miR-215,
miR-194, miR-320 and miR-491 were altered by HCV
in human hepatoma cell lines. Of these, miR-192/
miR-215 and miR-491 were able to enhance the
replication of HCV replicon, as well as HCV itself.
A previous microarray analysis identified 108
human miRNAs and 1247 mRNAs whose expression
levels changed by more than 2.0-fold in response to
HCV infection in a Huh7 cell line. These data indicated
that combined miRNA and mRNA profiling might
have superior potential as diagnostic and mechanistic
[17]
features in hepatocarcinogenesis .
[18]
Salvi et al
identified differential expression
of miRNAs in cirrhotic and non-cirrhotic HCCs. By
generating a small RNA library in the human HCC cell
line HA22T/VGH, the authors determined the expression
levels of the most frequently cloned miRNAs in HCC
tissues and in their peritumoral counterparts. This
research used an in vitro approach to obtain interesting
hints for the next part of the study conducted on HCC
tissue samples. As better explained in the following
section of this review about tissue sample studies, the
authors observed miR-24 and miR-27a downregulation
in HCCs from cirrhotic liver tissues compared with noncirrhotic liver samples and upregulation of miR-21.
[19]
Braconi et al , in an in vitro study with possible
translational impact on clinical practice, hypothesized
that HCV viral proteins could modify therapeutic
responses to HCC by altering host cell miRNA expression.
Using HepG2 cells stably transfected with the full-length
HCV genome, these authors demonstrated a five-fold
overexpression of miR-193b in these cells. One of the
predicted targets of miR-193b is Mcl-1, an antiapoptotic
protein able to modulate the response to Sorafenib;
therefore, the authors speculated that cells expressing
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INTRODUCTION
Hepatitis C virus (HCV) infection is a major public
health problem, with 170 million carriers worldwide
and more than 300000 deaths each year attributable
[1]
to this virus . Hepatocellular carcinoma (HCC) is
a major malignancy worldwide, being the second
most frequent cause of cancer death in men and the
sixth in women, and hepatocarcinogenesis is closely
[2]
associated with HCV infection . HCV is also involved
in the pathogenesis of non-Hodgkin’s lymphoma
[3-5]
(NHL)
, although less frequently compared with
HCC. These characteristics mean that HCV is the
only virus infecting humans that is able to cause two
different cancers. The exact processes by which HCV
induces both HCC and NHL are a challenging topic for
scientists, and although some progress has been made
recently, many steps in these complex mechanisms
remain unknown.
In the last 10 years, the potential involvement of
microRNA in the molecular pathogenesis of several
diseases, including cancers, has been recognized.
MicroRNAs (miRNAs) are endogenous 21-23 nucleo
tides, non-coding RNA molecules, regulating posttranscriptional gene expression by translational
[6]
repression or mRNA cleavage . MiRNAs can act both
as oncogenes (oncomirs) or as tumor suppressors
because their target genes can induce neoplastic
[7]
transformation .
Our understanding of the role of miRNAs in molecular
oncogenesis is expanding day by day; therefore, we
will review the most interesting miRNAs involved in the
pathogenesis of HCV-related malignancies, and highlight
their role as biomarkers or their potential as therapeutic
targets.

MICRORNAS IN HCV-RELATED HCC
In vitro studies

Several studies on the relationship between HCV
biology and host non-coding RNAs have demonstrated
that HCV itself takes advantage of some miRNAs for
its replication. The role of miR-122 in supporting HCV
replication has already led to the development of an
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Table 2 Highly dysregulated microRNAs identified in studies
regarding hepatitis C virus-related hepatocellular carcinoma

Table 1 MicroRNAs with an attributed biological significance in
hepatitis C virus-related hepatocellular carcinoma development
and behavior

In vitro /patient-derived samples

Ref.

miR-24
mi-122
miR-149
miR-181a
miR-192/-215
miR-193b
miR-194
miR-198
miR-198
miR-199a
miR-210
miR-221
miR-320
miR-373*
miR-455-3p
miR-491
miR-638
miR-664
miR-887
miR-923
miR-940
miR-1181
miR-1234
miR-1469

Down
Up
Up
Down
Up
Up
Up
Down
Down
Down
Down
Down
Down
Up
Down
Down
Up
Down
Up
Down
Up
Up
Up
Up

In vitro
Patient derived samples
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
Patient derived samples
Patients derived samples
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro
In vitro

[17]
[14]
[17]
[17]
[16]
[19]
[16]
[14,15]
[14]
[23]
[17]
[17]
[16]
[17]
[17]
[16]
[17]
[17]
[17]
[17]
[17]
[17]
[17]
[17]

Urinary
miR-516-5p
miR-532
miR-618
miR-625
miR-650

Down
Up
Up
Up
Down

Patient derived samples
Patient derived samples
Patient derived samples
Patient derived samples
Patient derived samples

[22]
[22]
[22]
[22]
[22]

Name
Name

Ref.

miR-192/-215
miR-193b
miR-198
miR-320
miR-491
miR-24
miR-122
miR-199a

Enhancing HCV replication
Altered sensitivity to chemotherapy,
inhibition of apoptosis
Cell proliferation and migration
Cell proliferation
Cell proliferation, inhibition of apoptosis
Liver fibrosis
Modulation of HCV RNA expression
Poor survival, shorter time to disease
recurrence, cell proliferation

[16]
[19]
[14,15]
[16]
[16]
[17]
[14]
[23]

HCV proteins may better respond to this drug because of
miRNA-dependent modulation of apoptosis. Therefore,
manipulation of miRNA expression (i.e., using miR-193b
mimetics) could be a useful strategy to enhance the
response to chemotherapy in HCV-related HCC.

HCC tissue sample studies

MiRNAs play a pivotal role in HCV infection and in liver
carcinogenesis, but only a few studies have specifically
investigated the expression pattern of miRNAs in HCVassociated HCC tissues. While many papers describe
deregulation of miRNAs in HCC tissue, the etiology
varies in most of them, and only some samples are
HCV-positive. In this part of our review we will focus
our attention only on studies entirely dedicated to
HCV-related HCC.
[14]
Varnholt et al
also proposed and validated a
methodological approach for the study of miRNA
expression in retrospective samples. The authors
examined 80 miRNAs in a large set of formalin-fixed
paraffin-embedded (FFPE) archival primary liver
tumors derived from 39 HCV-positive patients, most of
whom with cirrhosis. Interestingly, the tissue archive
included premalignant dysplastic nodules (DNs) and
HCCs, some of which were from the same patient.
The authors assessed the availability and quality of
RNA in FFPE tissues by comparing snap-frozen mouse
liver tissues and FFPE samples, demonstrating that
long-term storage did not affect the integrity of the
miRNAs. Based on a wide-ranging approach performed
on a small group of samples, the authors found 29
dysregulated miRNAs, five of which were consistently
altered in all tested samples (miR-122, miR-100,
miR10a, miR-198 and miR-145). Further screening
of these five miRNAs in a larger set of 52 primary
tumors showed a significant upregulation of miR-122
in DNs and in HCC samples, and a highly significant
underexpression of miR-198 compared with normal
liver parenchyma (Table 2).
Interestingly, the dysregulated miRNAs described in
this paper are located on a chromosome region linked
[20,21]
to hepatocarcinogenesis
; however, the specific
targets for most of these miRNAs are unknown.
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Using miRNA whole-genome expression profiling
to identify the urinary miRNA signature specific for
[22]
HCV-associated HCC, Abdalla et al
analyzed 32
HCV-associated HCC and 74 HCV-positive patients,
comparing them to 12 healthy individuals. The
authors focused their analysis on five miRNAs that
were dysregulated and whose putative targets could
play a role in hepatic carcinogenesis. Interestingly, for
miR-618 and miR-650: the sensitivity and specificity of
these miRNAs in detecting HCV-associated HCCs were
described as having a higher predictive value than the
α-feto protein levels.
A wide-ranging analysis was also performed by
[23]
Diaz et al
using more than 2000 miRNAs and premiRNAs on nine tumor samples and surrounding
cirrhotic tissue. The results showed a specific
association between 18 miRNAs and HCV-related liver
cancer; these miRNAs were involved in the regulation
of the p53 tumor suppressor, PTEN phosphatase and
retinoic acid signaling, key factors implicated in cell
[24,25]
growth that were previously associated with HCC
.
Of note is the issue of miRNA 199a/b-3p, an miRNA
highly expressed in normal liver and already found
to be downregulated in HCCs of different etiology
(HBV chronic infection and alcoholism). The authors
confirmed a decrease in the expression levels of this
miRNA in HCV-related HCC, suggesting that it has
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a role in inducing hepatic malignancy common to
different causes.
As previously mentioned in the section regarding in
[18]
vitro studies, Salvi et al , starting from the screening
of a library obtained in a cell line, focused their
analysis of HCC tissue samples on selected miRNAs.
MiR-24, miR-27a and miR-21 appeared to be the most
frequently cloned miRNAs and their expression levels
in human HCC tissues were dysregulated. In particular,
the authors observed that miR-24 and miR-27a were
significantly downregulated in HCCs from cirrhotic
liver tissues compared with non-cirrhotic liver
samples, while miR-21 was upregulated in HCC tissues
compared with the corresponding peritumoral controls.
[18]
The results described by Salvi et al
concerning
miR-27a are controversial, because other authors
have reported upregulation of the same miRNA in
[26]
hepatocellular carcinoma cells .
[27]
On this topic, Murakami et al
analyzed miRNA
expression in 24 HCC samples and 22 adjacent nontumor (NT) tissue samples, most of which were
anti-HCV positive. They identiﬁed seven mature
miRNAs (miR-18, miR-125a, miR-195, miR-199a,
miR-199a*, miR-200a, miR-224) and one precursor
miRNA (precursor miR-18) that were signiﬁcantly and
differentially expressed in the HCC and corresponding
NT specimens. Furthermore, they used this result to
build an algorithm that could predict the classiﬁcation
of samples into cancer and non-cancer groups. With
the exception of one tumor sample, miRNA proﬁling
allowed for accurate prediction of these groups, with
an overall cross-validation accuracy of 97.8%. In
addition, they compared miRNA expression in tumors
in various differentiation states (well, moderately
and poorly differentiated HCC) and found that the
degree of tumor differentiation was inversely related
to the expression levels of miR-92, miR-20, miR-18,
suggesting that these miRNAs contribute to both
[27]
tumorigenesis and the loss of tumor differentiation .
Regarding disease progression to hepatocellular
[28]
carcinoma, a study by Ura et al
identified two
categories of miRNAs, using a highly sensitive and
quantitative RT-PCR method for miRNAs. The first
category is associated with HBV or HCV infection;
for example, miR-133b was repressed in the HCV
group compared with the HBV group and also some
hematopoietic-speciﬁc miRNAs, such as miR-1425p, were upregulated in the HCV group. The other
miRNAs category comprises those associated with the
stages of liver disease and are not virus-related (HBV
vs. HCV). The authors found 23 miRNAs that could
clearly distinguish chronic hepatitis from HCC and that
might be good candidates for molecular targeting to
prevent the occurrence of HCC, regulating a common
signaling pathway underlying HCC-HBV and HCC-HCV
[28]
development .
[29]
A very accurate work of Shirasaki et al
provided
some hints at better clarifying the role of mirR-27a
in HCV biology and HCC promotion. With the aim
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of investigating the role of lipid metabolism in HCV
replication and infectivity, the authors established
a Huh7.5 cell line transfected with mirR-27a and
observed that its target genes are implicated in lipid
biosynthesis and transport. Also, overexpression of
miR-27a led to a decrease in viral infectivity and to
an enhanced in vitro response to interferon (IFN).
Therefore, the authors suggested that this negative
feedback mechanism might contribute to maintenance
of a low viral load and to escape from host immune
surveillance, resulting in establishment of persistent
chronic HCV infection, which is crucial for the
development of HCC.

MICRORNAS IN HCV-RELATED
LYMPHOMAS
There are few studies available about the involvement
of miRNAs in the pathogenesis of HCV-related
lymphoma. Conversely, there are several reports
regarding deregulation of specific miRNAs in virusnegative lymphomas, including some histotypes
typically found to be associated with HCV infection
[marginal zone lymphoma (MZL) and diffuse large B
[30,31]
cell lymphoma (DLBCL)]
.
The first study introducing this issue was a largescale miRNA expression profiling analysis by Peveling[32]
Oberhag et al , who compared the expression of
381 miRNAs in microdissected splenic marginal zone
lymphoma (SMZL) (HCV-positive and -negative) and in
normal splenic tissues. From this analysis, 12 miRNAs
were identified as dysregulated in SMZLs compared
with normal splenic controls. The majority of these
miRNAs were already indicated as molecular players
in cancers and lymphomas; however, one of these
12 altered miRNAs, i.e., miR-26b, was significantly
downregulated in HCV-positive lymphomas compared
with HCV-negative SMZLs. MiR-26b is has tumorsuppressive activity and its expression was found to
be decreased only in HCV-related SMZLs; therefore,
the authors speculated that a specific virus-related
mechanism was involved in this particular miRNA.
These data were supported by a study performed
in different categories of HCV subjects by Fognani et
[33]
[34]
al
and Gragnani et al . MiR-26b downregulation
was reported in peripheral blood mononuclear cells
(PBMCs) from HCV-related lymphoma patients and
in PBMCs isolated from HCV-positive subjects with
mixed cryoglobulinemia, a clinically benign condition
that predisposes to the development of a frank
[3]
malignancy .
The same authors also described a significant
increase in the expressions of miR-21, miR-16 and
miR-155 in PBMCs from only HCV-related NHL
[33]
patients . These three miRNAs have been previously
termed “oncomiRNAs” because their overexpression
[32,35-37]
has been associated with several cancers
.
Taken together, these results indicated that miR-26b
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is a key factor in HCV-related lymphomagenesis,
and suggested that it might be useful as a peripheral
[38]
biomarker. Recently, a study by Bruni et al
failed to
report miR-26b dysregulation in paraffin-embedded
samples derived from five HCV-positive NHL patients
(as well as five HBV-positive and five HCV/HBVnegative patients). The very limited number of cases
could be the reason for these conflicting results. In
their sampling, the authors observed a decreased
level of miR-92a exclusively in HBV/HCV-negative NHL
patients, while miR-30b was significantly increased
only in HCV-positive samples. The analysis of a small
subset of nodal marginal zone lymphomas highlighted
three miRNAs that also seemed to be associated with
HCV infection (miR-223, miR-29a and miR-29b). The
authors themselves declared that caution is needed
about the interpretation of such data, because of the
limited number of analyzed samples.
Another recently published study reported that,
six and 14 out of 542 mature miRNAs, were overregulated and under-regulated, respectively, in HCVassociated diffuse large B-cell lymphoma (DLBCL)
[39]
compared with non-infected ones . From the analysis
of HCV-positive DLBCL, compared with non-infected
DLBCL samples, a significant correlation was found
between high miR-576-5p and miR-129-3p levels, low
miR-522 and miR-512-3p levels, and germinal center
B cell-like DLBCL immunophenotype. Moreover, miR25-5p was significantly correlated with poor prognosis
and low miR-542-3p, miR-651-5p, miR-549a and high
miR-369-5p correlated with advanced stage.
In summary, all the reported results suggest that
differences in miRNA expression exist between HCVrelated and HCV-negative NHLs, and further studies
will be useful to ascertain if miRNAs are involved in the
pathogenesis of HCV-related lymphomas and whether
they can be used as biomarkers.

circulating miRNAs in clinical practice still requires
highly reproducible techniques for isolation and
quantification of biological samples. For this reason,
the interesting data reported in this review could
represent a starting point for new studies aimed at the
thorough investigation of targets and mechanisms of
the suggested miRNAs, as well as for the identification
of new epigenetic regulators.
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Abstract
AIM: To characterize the regeneration-associated stem
cell-related phenotype of hepatocyte-derived growth
factor receptor (HGFR)-expressing cells in active
ulcerative colitis (UC).

Institutional review board statement: All routine colonic
biopsy specimens and blood samples from the patients were
taken after informed consent and ethical permission was obtained
for participation in the study.

METHODS: On the whole 38 peripheral blood samples
and 38 colonic biopsy samples from 18 patients
with histologically proven active UC and 20 healthy
control subjects were collected. After preparing tissue
microarrays and blood smears HGFR, caudal type
homeobox 2 (CDX2), prominin-1 (CD133) and Musashi-1
conventional and double fluorescent immunolabelings
were performed. Immunostained samples were
digitalized using high-resolution Mirax Desk instrument,
and analyzed with the Mirax TMA Module software.
For semiquantitative counting of immunopositive
lamina propria (LP) cells 5 fields of view were counted
at magnification × 200 in each sample core, then
mean ± SD were determined. In case of peripheral
blood smears, 30 fields of view with 100 μm diameter
were evaluated in every sample and the number of
immunopositive cells (mean ± SD) was determined.
Using 337 nm UVA Laser MicroDissection system at
least 5000 subepithelial cells from the lamina propria
were collected. Gene expression analysis of HGFR,
CDX2, CD133, leucine-rich repeat-containing G-protein
coupled receptor 5 (Lgr5), Musashi-1 and cytokeratin
20 (CK20) were performed in both laser-microdisscted
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samples and blood samples by using real time reverse
transcription polymerase chain reaction (RT-PCR).

to the high turnover of shedding epithelial cells their
continuous replacement is required from a local
stem cell pool even in the healthy colon. Stem cells
are located at the crypt base, and their progenies
migrate towards the luminal surface where they
undergo terminal differentiation to secretory (Paneth,
enteroendocrine, and goblet cells) or absorptive
[1-3]
(epithelial) cells . When tissue injury occurs, like in
inflammatory bowel disease (IBD) or graft-versus hostdisease, capacity of the local intestinal stem cell niche
[1,4,5]
is not sufficient enough for a proper tissue repair
.
The classic concept of tissue repair holds that upon
entering the damaged tissues inflammatory cells signal
[1,4-6]
resident tissue-specific progenitor cells for mitosis
.
However, mesenchymal stem cells can also contribute
to tissue repair after their mobilization, migration, and
engraftment of the damaged area enhanced definitely
[6,7]
by inflammation . In addition, circulating immature
stem cells seem to participate in regeneration of
[1,4-7]
several different tissues as well
.
Recently we have found that during severe
inflammatory damage of the colon intraepithelial
+
CD45 marrow-derived cells within the colonic
lymphoid aggregates (LA) contribute to epithelial
[8]
regeneration . It has also been observed that LAs
may determine the migration route of stem cells as
[8]
well . Furthermore, in ulcerative colitis (UC) we have
found hepatocyte-derived growth factor receptor
(HGFR) positive subepithelial cells within the LA to
[9]
be involved in the induction of mucosal repair . The
presence of the homeobox gene CDX2 and cytokeratin
(CK) positive cells detected in LAs suggested that
mesenchymal-to-epithelial (MET) transition is located
[9]
+
to LAs . Additionally, an elevated number of HGFR
peripheral blood cells were observed in severely active
[9]
UC , however their importance and function have not
yet been investigated.
+
In case of HGFR cells their possible origin and the
route of migration in point of the blood stream and
the lamina propria (LP) has not yet been elucidated. It
is also unclear, whether these cells are committed or
not to the epithelial lineage. For better understanding
+
the role of HGFR cells in mucosal regeneration, in the
present immunocytochemical study we assayed the
+
injury-associated stem cell-related phenotype of HGFR
cells in peripheral blood and colonic tissue of patients
with active UC and compared to that of controls.

RESULTS: By performing conventional and double
fluorescent immunolabelings confirmed by RT-PCR,
higher number of HGFR (blood: 6.7 ± 1.22 vs 38.5 ±
3.18; LP: 2.25 ± 0.85 vs 9.22 ± 0.65; P < 0.05), CDX2
(blood: 0 vs 0.94 ± 0.64; LP: 0.75 ± 0.55 vs 2.11
± 0.75; P < 0.05), CD133 (blood: 1.1 ± 0.72 vs 8.3
± 1.08; LP: 11.1 ± 0.85 vs 26.28 ± 1.71; P < 0.05)
and Musashi-1 (blood and LP: 0 vs scattered) positive
cells were detected in blood and lamina propria of UC
samples as compared to controls. HGFR/CDX2 (blood:
0 vs 1 ± 0.59; LP: 0.8 ± 0.69 vs 2.06 ± 0.72, P < 0.05)
and Musashi-1/CDX2 (blood and LP: 0 vs scattered) coexpressions were found in blood and lamina propria
of UC samples. HGFR/CD133 and CD133/CDX2 coexpressions appeared only in UC lamina propria
samples. CDX2, Lgr5 and Musashi-1 expressions in UC
blood samples were not accompanied by CK20 mRNA
expression.
CONCLUSION: In active UC, a portion of circulating
HGFR-expressing cells are committed to the epithelial
lineage, and may participate in mucosal regeneration
by undergoing mesenchymal-to-epithelial transition.
Key words: Hepatocyte-derived growth factor receptor;
Caudal type homeobox 2; CD133; Musashi-1; Leucinerich repeat-containing G-protein coupled receptor 5;
Ulcerative colitis; Regeneration
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: HGFR + cells in the circulation and lamina
propria of active ulcerative colitis (UC) could also coexpress caudal type homeobox 2 (CDX2), an epithelial
+
stem cell marker, thus suggesting that HGFR cells have
committed to the epithelial lineage. The presence of
CD133/CDX2 and Musashi-1/CDX2 double positive cells
in the subepithelial layer supports that mesenchymalto-epithelial transition might be a crucial event in tissue
regeneration of active UC.
Sipos F, Constantinovits M, Valcz G, Tulassay Z, Műzes G.
Association of hepatocyte-derived growth factor receptor/caudal
type homeobox 2 co-expression with mucosal regeneration
in active ulcerative colitis. World J Gastroenterol 2015;
21(28): 8569-8579 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i28/8569.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8569

MATERIALS AND METHODS
Patients, subjects and samples

After informed consent, precolonoscopic blood
samples and colonic biopsy samples were taken
from Caucasian patients complaining on abdominal
pain or cramps, frequent stool, bloody diarrhea, and
fever. Two times 6 mL of peripheral blood were taken
and collected into Vacutainer tubes containing EDTA
(BD Bioscience) and 9 mL into Paxgene Blood RNA
Tubes (Qiagen). The first 6 mL blood was discarded

INTRODUCTION
The luminal border of the colonic wall is lined by an
epithelial monolayer, which has several physiological
functions including water- and electrolyte absorption,
and barrier defence against luminal pathogens. Due
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to avoid skin epithelial cell contamination. The second
6 mL blood was stored at 4 ℃, while the Paxgene
tubes at -20 ℃. Biopsy samples were collected for
routine histological evaluations and for RNA isolation.
On the whole 38 peripheral blood samples and 38
tissue samples from 18 patients with histologically
proven active UC (male: 10; female: 8; average
age: 30.5 years) and 20 healthy control subjects
(male: 10; female: 10; average age 35.6 years) were
investigated. The diagnosis of UC in an active stage
was based on clinical symptoms (> 6 bloody stools
per day, presence/absence of fever, tachycardia,
abdominal pain), conventional laboratory abnormalities
(elevated erythrocyte sedimentation rate and CRP,
thrombocytosis, mild/moderate anemia, presence/
absence of hypokalemia and/or hypomagnesemia,
negative stool culture), and the result of colonoscopy.
In active UC the average Mayo severity index score
of patients was 11.61. None of the patients had been
given corticosteroids, antibiotics or immunosuppressive
treatment prior to taking samples. Control samples
were collected from subjects with negative endoscopy
and normal histology who underwent colonoscopy
because of a positive fecal occult blood test (FOBT).
The FOBT has been performed for screening purposes.
In the healthy control group, apart from internal
hemorrhoids, there were no pathological colonic
alterations. The percentage of left/right-colon-sided
biopsies was 90%/10%, respectively in normal, and
100%/0% in UC tissue samples. None of the patients
participated in this study suffered from any other
forms of inflammatory or tumorous diseases. For realtime RT-PCR validation, the biopsy samples collected
were immediately snap frozen in Tissue-Tek OCT
compound medium (Ted Pella Inc., CA, United States)
at -80 ℃.

(Santa Cruz Biotechnology Inc.; Clone: C-12; 1:100
dilution in PBS), monoclonal mouse anti-human CDX2
antibodies (Clone: AMT28; BioSystems; 1:100 dilution
in PBS; Clone: ZC007; Invitrogen; 5 μg/mL working
concentration, diluted in PBS) and monoclonal antihuman CD133/1-biotin antibody (Clone: AC133;
Miltenyi; 1:100 dilution in PBS) at 37 ℃ for 60 min.
After rinsing 3 times with PBS, samples incubated
with anti-Met antibody were finally treated with an
antirabbit EnVision polymerHRP conjugate kit (K4003,
DAKO) for 40 min. Secondary immunodetection in
the cases of samples incubated with anti-CDX2 and
anti-CD133 antibodies was performed with EnVision
System Labelled Polymer-HRP K4001 (Anti-Mouse
1/1; DAKO), as described in the manual. Signal
conversion was carried out with Liquid DAB+Substrate
Chromogen System (DAKO). After the final rinsing in
PBS, hematoxylin co-staining was performed. Cores
from normal human smooth muscle from colonic
muscularis propria were used as negative controls.
TMA slides and blood smears were then digitalized
using high-resolution MIRAX DESK instrument (Zeiss,
Gottingen, Germany), and analyzed with the MIRAX
TMA Module software (Zeiss).

Multiple immunofluorescent labelings

Fot the detection of co-expression of the assayed
proteins HGFR/CDX2, HGFR/CD133, CD133/CDX2 and
Musashi-1/CDX2 double immunofluorescent labelings
were performed.
HGFR/CDX2, HGFR/CD133, Musashi-1/CDX2
labelings: TMA slides and peripheral blood smears
were covered with rabbit polyclonal anti-Met culture
supernatant antibody (Santa Cruz Biotechnology Inc.;
Clone: C-12; 1:100 dilution in PBS) or anti-Musashi-1
monoclonal antibody (EP1302, Abcam, 1:100 dilution
in PBS) at 37 ℃ for 60 min. After rinsing them thrice in
PBS, diluted goat polyclonal anti-Rabbit IgG Antibody,
biotin-SP conjugate (Millipore Merck; Clone: AP132B;
1:500 dilution in PBS) was added to each sample, and
they were incubated at 37 ℃ for 30 min. After washing
them thrice in PBS, samples were covered with diluted
Texas Red Streptavidin (1 μL streptavidin in 100 μL of
PBS; Jackson Immuno Research Laboratories Inc.) and
were also incubated at 37 ℃ for 30 min. Then samples
were incubated with monoclonal mouse anti-human
CDX2 antibody (Clone: AMT28; BioSystems; 1:100
dilution in PBS) or monoclonal anti-human CD133/1biotin antibody (Clone: AC133; Miltenyi; 1:100 dilution
in PBS) at 37 ℃ for 60 min. After rinsing them thrice
in PBS, samples were covered with 100x diluted FITClabeled anti-mouse IgG antibody (Sigma-Aldrich), and
were incubated at 37 ℃ for 30 min. After PBS rinsing,
samples were covered with antifading VectaShield
(Vector Laboratories Inc.) and coverslips.

Tissue microarray and blood smear preparation,
immunolabelings and sample digitizing

Cores of 1 mm diameter were collected from selected
areas of formalin fixed, paraffin embedded (FFPE)
tissue blocks made from 18 UC and 20 normal colon
samples of 38 patients by repeating each sample at
least once, and were then placed into 80 samples
recipient block. Tissue sections of 4 μm thickness
were cut from the TMA blocks, mounted on adhesive
glass slides and immunostained following endogenous
hydrogen peroxidase blocking (0.5% H2O2-methanol)
and heat induced epitope retrieval in 150 mL of pH 6.0
TRS buffer (Target Retrieval Solution, S1699; in case
of anti-Met, anti-CDX2 clone ZC007, and anti-CD133
antibodies) or pH 8.0 1 mmol/L EDTA buffer (in case of
anti-CDX2 clone AMT28 antibody) using a commercial
microwave oven at 300 W power for 45 min.
Peripheral blood smears of all UC and control EDTA
blood samples were performed. The blood smears
were fixed in acetone at -20 ℃ for 5 min, and stored
at -20 ℃ until immunostainings.
TMA slides and blood smears were incubated with
rabbit polyclonal anti-Met culture supernatant antibody
WJG|www.wjgnet.com
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8571

July 28, 2015|Volume 21|Issue 28|

Sipos F et al . HGFR/CDX2 double positive cells in UC
Kit (Qiagen) for biopsy samples and the Paxgene
Blood RNA Kit (Qiagen) for peripheral blood samples
according to the manufacturer’s instructions. After
quantitative (Nanodrop) and qualitative analysis
(Bioanalyzer Pico 600 chip kit RNA program; RIN > 8
in all cases), reverse transcription was performed by
using 1µg of total RNA (High Capacity cDNA Reverse
Transcription Kit, Applied Biosystems, United States).
HGFR (ID: Hs.00179845_m1), CDX2 (Hs.174249)
and CD133 (PROM1) (ID: Hs.614737) triplicated
Taqman real-time polymerase chain reactions were
used to measure mRNA expression of the observed
parameters using an Applied Biosystems Micro Fluidic
Card System. The measurements were performed
using an ABI PRISM 7900HT Sequence Detection
System as described in the product’s User Guide
(http://www.appliedbiosystems.com, California; United
States).
For the examination of leucine-rich repeat-containing
G-protein-coupled receptor 5 (Lgr5) (F: TGCTCT
TCACCAACTGCATC; R: CTCAGGCTCACCAGATCCTC),
Musashi-1 (F: TACGCCAGCCGGAGTTATAC; R:
ATTGGTCCGTAGGCAGTGAG) and cytokeratin
(CK-)20 (F: CTGATGCAGATTCGGAGTAACA; R:
TCTCTCTTCCAGGGTGCTTAAC) gene expression changes
triplicated quantitative real-time (qRT) PCR was
performed using Probes Master and SYBR green
(Roche GmbH, Germany). Gene expression levels for
each individual sample were normalized to GAPDH
expression. Mean relative gene expression was
determined and differences were calculated using the
-ΔC
2 (t) method. The whole cycle number was 45.
Regarding CK20 RT-PCR, SW480 colon carcinoma
cells (90 cells/9 mL blood in Paxgene tube) and crypt
epithelial cells (90 cells/5000 laser microdissected
subepithelial cells) were used as positive controls.

Miltenyi; 1:100 dilution in PBS) at 37 ℃ for 60 min.
After rinsing them thrice in PBS, diluted Biotin-SPConjugated Affinipure Goat anti-mouse IgG (1 μL
biotin in 100 μL of PBS; Jackson Immuno Research
Laboratories Inc.) was added to each sample, and
they were incubated at 37 ℃ for 30 min. After rinsing
them thrice in PBS, samples were covered with diluted
Texas Red Streptavidin (1 μL streptavidin in 100
μL of PBS; Jackson Immuno Research Laboratories
Inc.), and were incubated at 37 ℃ for 30 min. After
washing them thrice in PBS, samples were incubated
with monoclonal mouse anti-human CDX2 antibody
(Clone: AMT28; BioSystems; 1:100 dilution in PBS)
at 37 ℃ for 60 min. After rinsing them thrice in PBS,
samples were covered with 100x diluted FITC-labeled
anti-mouse IgG antibody (Sigma-Aldrich) and were
incubated at 37 ℃ for 30 min. After PBS rinsing,
samples were covered with antifading VectaShield
(Vector Laboratories Inc.) and coverslips.
Finally, immunofluorescently labelled TMA slides
and blood smears were digitalized as described
previously.

Digital microscopic evaluation

In case of HGFR and CD133 immunolabelings, cells
with diffuse, moderate-strong cytoplasmic and/or
membrane staining were encountered. In case of
CDX2 and Musashi-1, cells showing strong nuclear
immunoreactivity were encountered. In normal
samples all lymphoid aggregates, in UC samples at
least 2 lymphoid aggregates within the lamina propria
were examined. The percentage of immunoreactive
cells was determined, except in cases where
immunopositive cells were found only scattered in
the observed area. For semiquantitative counting of
immunopositive lamina proprial cells 5 fields of view
were counted at magnification × 200 in each sample
core, then mean ± SD were determined. In case of
peripheral blood smears, 30 fields of view with 100
μm diameter were evaluated in every sample and the
number of immunopositive cells (mean ± SD) was
determined.

Ethical consideration

All routine colonic biopsy specimens and blood samples
from the patients were taken after informed consent
and ethical permission was obtained for participation in
the study.

Laser microdissection

Statistical analysis

From the biopsy samples stored in Tissue-Tek, 4
μm thick cryostat sections were cut, and placed
onto 180 ℃ heat pre-treated (RNAse free) glass
slides. Sections were stained with methylene blue
dissolved in diethyl-pyrocarbonate-treated RNAse
free water. From one biopsy sample, at least 5000
subepithelial cells (from 2 to 4 cryostat section/
sample) from the lymphoid aggregates were then
laser capture microdissected by using a 337 nm
UVA Laser microdissection system (PALM, Carl Zeiss
MicroImaging GmbH, Germany).

The data were expressed as the mean ± SD. For the
statistics, Student’s t-test was used. P < 0.05 was
considered as statistically significant.

RESULTS
HGFR, CD133, CDX2 and Musashi-1 expressions in
peripheral blood and lamina propria
+

RNA isolation and reverse transcription polymerase
chain reaction analyses

Total RNA was extracted using the RNeasy Mini
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+

The number of HGFR and CD133 cells in the
peripheral blood samples and colonic biopsies of
patients with active UC was significantly higher
+
comparing to healthy controls. CDX2 cells were
found only in the blood samples of active UC patients,
i.e., no CDX2 immunoreactivity was detected in the
peripheral blood of healthy controls. In the LP, CDX2
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Figure 1 Immunopositive cells in peripheral blood and lamina propria of patients with ulcerative colitis. A: Hepatocyte-derived growth factor receptor (HGFR)+
cells in peripheral blood (black arrows indicate immunoreactive cells; magnification × 400); B: HGFR+ cells in lamina propria (black arrow indicates a group of
immunoreactive cells underneath the epithelium; magnification × 200); C: CDX2+ (clone: ATM28) cell (red circle) in lamina propria (black arrow indicates a crypt base
with CDX2+ epithelial cells; magnification × 400); D: CD133+ cells in peripheral blood (black arrow indicates immunoreactive cells; magnification × 600); E: CD133+ cell
(black arrow) in lamina propria underneath the epithelium (magnification × 300). In all cases hematoxylin co-staining was performed.

immunoreactivity displayed high specificity to epithelial
cell nuclei, however we observed some sporadic
+
CDX2 cells in the stroma involving infrequently
LAs, and without connection to the crypts. In UC
+
tissue samples the number of CDX2 cells was
significantly higher than in controls. In consideration
+
of the unexpected presence of CDX2 cells in the
LP we repeated the anti-CDX2 immunostaining
with another antibody (clone ZC007, Invitrogen) to
avoid unspecific immunoreactions, and moreover,
we performed Musashi-1 immunohistochemistry as
well. After analyzing the results of the distinct CDX2
immunoreactions no significant differences were found
between the numbers of CDX2-ZC007 and CDX2AMT28 immunoreactive cells. Some stromal cells
showing only Musashi-1 positivity with cytoplasmic
and/or nuclear localisation were also detected.
In blood samples of UC patients Musashi-1 positive
cells were found only sporadically. Immunopositive
cells are presented in Figure 1.
Using double immunofluorescent labeling HGFR/
CDX2 double immunopositive cells were found only
in blood samples of UC patients, however they were
detectable in tissue samples of both controls and
UC patients. The number of HGFR/CDX2 double
immunopositive cells was significantly higher in LP of
active UC patients as compared to healthy controls.
+
In UC samples some stromal CDX2 cells also showed
weak-to-moderate Musashi-1 positivity. We detected
+
no HGFR /CDX2 cells in blood or colonic tissue of
+
patients with UC, which indicates that in UC all CDX2
cells in peripheral blood and lamina propria expressed
HGFR simultaneously. Regarding co-expression of
Musashi-1/CDX2 in UC blood smears only few numbers
of double immunopositive cells were found. HGFR/
CD133, and CD133/CDX2 double immunoreactive
cells were detected sporadically in the LP of active UC.
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Double immunoreactive cells are presented in Figure
2. The number of immunopositive cells is indicated in
Table 1.

RT-PCR validation

Real-time RT-PCRs for evaluating HGFR, CD133, CDX2,
Musashi-1, Lgr5 and CK20 gene expressions were also
performed. The expression values in active UC blood
samples and laser-microdissected LP tissues were
compared with the values of healthy subjects.
-ddCT
According to the 2
method, foldchanges of
HGFR, CD133 and CDX2 expressions were significantly
higher in all UC samples (P < 0.005) than in healthy
controls with the exception of CDX2 in peripheral
blood, where it displayed an increasing tendency
in UC as compared to controls. ddCTs represent
the difference between the average threshold cycle
differences (dCT) of normal and UC samples.
Though CDX2 is a known crypt epithelial stem cell
marker, to exclude contamination with epithelial cells
Musashi-1, Lgr5, and CK20 mRNA expressions were
also analyzed in blood and LP samples. Similarly to
CDX2, foldchanges of Musashi-1 and Lgr5 expressions
were significantly higher in the LP of UC patients than
in controls (P < 0.005 in all cases). Musashi-1 and Lgr5
gene expressions showed an increasing tendency in
UC blood samples compared to controls. No detectable
CK20 gene expression was present in UC and normal
samples. Foldchanges are visualized in Figures 3 and 4.

DISCUSSION
The concept of mucosal repair means that inflammatory
cells enter the damaged area and signal local
progenitor cells for mitosis. In addition, upon damage
signals multipotent mesenchymal stem cells may also
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HGFR/CDX2
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HGFR/CDX2

D

HGFR/CD133
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CD133/CDX2

Musashi1/CDX2

Figure 2 Double fluorescent immunoreactive cells in peripheral blood and lamina propria of patients with active ulcerative colitis. A: Hepatocyte-derived
growth factor receptor (HGFR)+/CDX2+ cell in peripheral blood (white arrow indicates immunoreactive cell; magnification × 600); B: HGFR+/CDX2+ cells in lamina
propria (white arrows indicate immunoreactive cells underneath the epithelium; white thin arrow indicates a crypt base with CDX2+ epithelial cell; magnification × 600);
C: HGFR+/CD133+ cell in lamina propria (white arrow; magnification × 600); D: CD133+/CDX2+ cell in lamina propria (white arrow; magnification × 600); E: Musashi-1+/
CDX2+ cell in the lamina propria (white arrow; magnification × 600). Red fluorescent labeling: Texas-Red; Green fluorescent labeling: FITC.
[13]

well .
In the present study we assayed the regeneration+
associated stem cell-related phenotype of HGFR cells
both in peripheral blood and colonic tissue samples of
patients with clinically active UC.
The proto-oncogene Met is known to encode the
high-affinity transmembrane tyrosine kinase receptor
for hepatocyte growth factor (HGF). C-Met/HGFR
and its family members promote mainly migration
and invasion of cancer cells. Signaling within and
beyond this pathway seems to be an important factor
regarding systemic spread of metastases through
induction of epithelial-to-mesenchymal transition
[14]
(EMT) . HGFR and its ligand, HGF serve as potential
mitogenic factors for epithelial cells, enhancing cell
motility, with morphogenetic effects, and a crucial
[15-17]
role in wound healing within the digestive tract
.
In experimental colitis of rats the HGF/HGFR system
was found to be a potential therapeutic target
[18]
to facilitate intestinal repair . Though HGFR is
predominantly expressed on epithelial cells, it is also
[19]
implicated in hematopoiesis . Expression of HGFR
by the hematopoieic compartment was detected in
progenitor cells, macrophages, B cells, and dendritic
cells. HGFR signaling has been proposed to take part
in the development of monocytes-macrophages,
[20,21]
and in homing of B cells to lymphoid tissues
.
Basically the HGF/HGFR system is indispensable
during embryonic development. HGF is a pleiotropic
factor that promotes several cellular functions,
including survival, tissue protection, regeneration,
[16]
and exerts anti-inflammatory activities . Moreover,
HGF was found to regulate various immune functions,
like cytokine production, cellular migration, and
[22-27]
adhesion
. Nonetheless, under normal conditions
the HGF/HGFR signaling seems to be dispensable,
since previous studies demonstrated no structural and

Table 1 Number of immunopositive cells detected in
peripheral blood and colonic biopsy samples
Average number of cells
HGFR+
CDX2+ (Clone: AMT28)3
CDX2+ (Clone: ZC007)3
CD133+
Musashi-1+
HGFR+/CDX2+
(Clone: AMT28)
HGFR+/CD133+
Musashi-1+/CDX2+
(Clone: AMT28)
CD133+/CDX2+
(Clone: AMT28)

Peripheral blood
(normal/UC)

Lamina propria
(normal/UC)

6.7 ± 1.22/38.5 ± 3.181 2.25 ± 0.85/9.22 ± 0.651
0/0.94 ± 0.641, 2
0.75 ± 0.55/2.11 ±
0.751,2
0/1.0 ± 0.591,2
0.8 ± 0.52/2.16 ± 0.711,2
1.1 ± 0.72/8.3 ± 1.081
11.1 ± 0.85/26.28 ±
1.711
0/scattered
0/scattered
0/1.0 ± 0.591
0.8 ± 0.69/2.06 ± 0.721
0
0/scattered

0/scattered
0/scattered

0

0/scattered

1

Indicates significant differences between normal vs UC samples (P < 0.05);
Indicates that all CDX2+ cells in peripheral blood and lamina propria
expressed HGFR as well; 3Indicates that no significant differences between
the numbers of CDX2-AMT28 and CDX2-ZC007 immunoreactive cells
were detected. Data are expressed as mean ± SD. UC: Ulcerative colitis.
2

contribute to tissue repair after their mobilization,
[6]
migration, and engraftment of the inflamed mucosa .
Furthermore, circulating immature cells with a potential
of stem cell capacity are also likely to participate in
[10]
colonic mucosal regeneration . In UC, following
inflammatory mucosal damage successful epithelial
regeneration demands the complex interaction and
participation of a local and marrow-derived stem cell
[11]
pool . The course and regulation of mucosal repair
sorely depend on the balance between pro- and antiinflammatory cytokines influenced mainly by LAs
[12]
and ILFs . These lymphoid elements are thought to
be involved in controling and organizing of homing,
development, and differentiation of stem cells, as
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Figure 3 Foldchange alterations of the assayed genes in peripheral
blood and lamina propria samples. 1Significant (P < 0.005) gene expression
alterations between ulcerative colitis (UC) and healthy control (N) samples. LP:
Lamina propria; HGFR: Hepatocyte-derived growth factor receptor.

Figure 4 Foldchange alterations of the assayed epithelial genes in
peripheral blood and lamina propria samples. 1Significant (P < 0.005) gene
expression alterations between ulcerative colitis (UC) and healthy control (N)
samples. C: Control samples (SW480 cells in blood, crypt epithelial cells in
lamina propria (LP) laser-microdissected samples).

functional abnormalities in different c-met-knockout
[28-31]
cell types
.
HGF is essential in paracrine signaling of mesenchymal
and epithelial cells, particularly during embryogenesis,
[32]
regeneration, and also in carcinogenesis . In adults,
HGFR signaling might be involved both in tissue repair
and invasive tumor growth, depending mainly on the
type of tissues.
Both chronic fibrosis and tumorigenesis can be
originated from a sustained healing response due
to chronic tissue injury. In fact, chronic fibrosis may
[33]
directly predispose to cancer . In UC, there is an
active and persistent immune-mediated inflammation,
therefore the cycle of continuous mucosal injury
and repair may lead to an increased risk of colonic
wall fibrosis and thus, to the development of cancer.
HGF and HGFR expressions are both elevated in the
[34]
inflamed mucosa of UC patients , and additionally,
increased plasma HGF levels were found in human UC,
[34,35]
and in colitic mice
. After inducing tissue injury and/
or inflammatory cytokines stromal fibroblasts, vascular
endothelial and smooth muscle cells, neutrophils, and
[36]
mast cells represent the major sources of HGF .
Fibroblast-like stromal cells from human lymphoid
tissues constitutively produce HGF, which is affected
[37]
by activated T cells . Emerging evidences indicate
that HGF possesses potent anti-apoptotic capacity, as
[38-40]
well
. Within the mucosa the HGF-HGFR signaling
facilitates colonic mucosal remodeling and significantly
[9,18]
lessens inflammation
, breaking the cycle of injury
and repair. Conversely, HGFR is overexpressed in
[34]
UC-associated colorectal cancer , suggesting that
the HGF/HGFR system is unequivocally involved in
carcinogenesis. According to these data, it is likely that
the pro- or anti-carcinogenic effects of the HGF/HGFR
system is context-dependent influenced mainly by
the duration of inflammation, i.e., acute or chronic.
During active inflammation of the colonic mucosa the
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HGF/HGFR system usually favors mucosal healing. The
+
high number of HGFR subepithelial and circulating
cells found in our study may be the consequence of
an increased demand of cells with extensive mucosal
reparative capacity.
Although in DSS-colitic rats both an increase
in serum HGF level and expression of colonic HGF
mRNA were observed, the HGF protein level in colitic
[41]
mucosa was still reduced . HGF also interacts with
heparin-like low-affinity receptors, like the heparin
sulfate proteoglycans, which are expressed on the cell
surface and within extracellular matrix that retain HGF
[42-44]
in tissues
. In case of severe mucosal damage,
when loss of the epithelial layer and the surrounding
extracellular matrix can be detected, the local HGF
concentration in the injured colonic tissue might be
reduced.
Considering our results, the elevated local
expression of both mRNA and protein of the highaffinity HGFR may function to retain and bind all the
available local HGF for reducing the inflammation, and
to promote mucosal regeneration. The mechanism
underlying the protective mucosal actions of HGFR
signaling in UC is likely attributable to its ability to
inhibit apoptosis and inflammation.
In the intestine, CDX2, an intestine-specific
transcription factor essential for the regulation of genes
related to epithelial functions, is involved in maintaining
[45,46]
epithelial homeostasis
, and controling the
expression of a number of downstream genes, some
[47]
of which fundamentally contribute to inflammation .
Further, CDX2 was shown to inhibit cell growth and
migration in vitro, as well as dissemination of colon
[48]
tumor cells in vivo . Until now only limited attentions
have been paid for the investigation of the relation
of CDX2 to intestinal inflammation. In a recent study
diminished epithelial CDX2 expression was described
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[49]

in UC . Moreover, TNF-α was suggested to downregulate the expression of CDX2 in the inflamed
[50]
mucosa . On the contrary, however, we found that
+
the number of CDX2 submucosal cells in active UC
was slightly elevated. Although CDX2 expression may
be influenced by the hypoxia inducible factor 1 (HIF1)
[51,52]
expressed during inflammation
, it remains unclear
how the expression of CDX2 is regulated exactly within
the affected tissues.
Mesenchymal myofibroblasts are involved in
mucosal healing process, and epithelial regeneration
(re-epitheliazation). Upon expression of Wnt proteins,
and secretion of growth factors, like epidermal
growth factor, HGF, and bone morphogenic factor-4
myofibroblasts considerably promote the induction
[53]
of CDX2 . Furthermore, myofibroblasts support
the local stem cell niche via multiple mechanisms,
including interactions via the Wnt/β-catenin and Notch
[54,55]
pathways to regulate stem cell behavior
.
In case of our UC patients the parallel presence
+
+
of HGFR /CDX2 double-positive cells in circulation
and colonic subepithelium could be indicative for The
+
involvement of HGFR cells in regeneration of the
damaged mucosa.
+
Since detection of CDX2 cells in the LP and blood
samples of UC patients was an unexpected result, we
performed Musashi-1 immunolabeling, and Musashi-1
and Lgr5 RT-PCR assays. Both Musashi-1 and Lgr5
are considered as markers of intestinal epithelial stem
[56-58]
cells
, and Lgr5 is a target of the Wnt pathway,
[58]
as well . Musashi-1 is co-localizes with Notch
genes and augments Notch signaling, essential for
[59]
maintaining cellular progenitor state . On the other
+
hand, Musashi-1 blood cells might even represent
[60]
+
circulating smooth muscle cell precursors . Lgr5
cells are mainly intestinal stem cells or crypt basal cells
(CBC) being able to give rise to all intestinal epithelial
lineages, indicating a self-renewing population of stem
[59]
cells . Moreover, Lgr5 might also be implicated in
[61]
cancer stemness .
The parallel presence of CDX2, Musashi-1 and Lgr5
in UC blood and LP samples along with the absence
of CK20 expression may indicate that a portion of
+
circulating HGFR cells has already been committed to
the epithelial lineage. However, further experiments
are required to understand the role of CDX2 in the
regenerative phase of UC, and the exact origin of
+
+
+
CDX2 (Musashi-1 and Lgr5 ) cells.
CD133 (Prominin-1), a 5-transmembrane domain
glycoprotein expressed by hematopoietic and
mesenchymal stem cells, other organ-specific stem
cells and tumor initiating cells, is currently regarded
as one of the most significant markers of colonic
[62-64]
cancer stem cells, as well
. The molecule is
designated for its prominent location on protrusions
[65,66]
of cell membranes
. Additionally, CD133 can also
[67]
be expressed by epithelial stem cells , and in this
respect represents another target for Wnt signaling
pathways. Therefore, CD133 is of importance yet in
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intestinal regeneration, and, further, in decreasing
[68]
inflammation .
The expression of CD133 within the inflamed
colonic epithelium is significantly lower in UC patients
[69]
with a longer duration of the disease . The risk of
developing colorectal cancer is considerably higher in
patients suffering from UC, especially in those with
[70]
long-standing disease, i.e., over 10 years . Thus,
the decreased CD133 level in the inflamed mucosa
could be associated with the development of UCrelated colorectal cancer. In our study the number of
+
CD133 cells were significantly higher in the blood and
subepithelium of patients with newly diagnozed UC in
+
an active phase of the disease. The fact that HGFR /
+
CD133 cells were detected only in the lamina propria
+
suggests that a portion of HGFR cells in LAs may
be originated from a local stem cell pool rather than
being immigrating cells. CD133 may also influence
cellular polarity, migration, and the interaction of stem
cells with their neighboring ones and the extracellular
[71]
matrix , and thus promote mucosal healing.
+
Some Lgr5 cells co-express CD133, and these
+
CD133 cells can generate the entire intestinal
[59]
epithelium . In addition to Lgr5 and CD133, other
potential intestinal stem cell markers have been
identified, like Musashi-1, expressed by both quiescent
[59]
label-retaining cells and actively cycling CBCs . In
general, during tissue repair stem cells might display a
great transient plasticity, so upon a dynamic interplay
they can change their current phenotype to ensure
[72]
successful tissue regeneration .
The co-expression of HGFR and CD133 on the
surface of colonic subepithelial cells may further
+
indicate the potential involvement of HGFR cells in
UC-associated carcinogenesis. In the colonic mucosa
LAs and ILFs are supposed to have a special organizer
[12]
role in epithelial repair . Our finding, that CD133 and
CDX2 are co-expressed in cells of LAs also supports
that MET is primarily localized to the area of these
lymphoid structures. It is still questionable whether the
complex mucosal healing is related to the recruitment
of a quiescent local stem cell population or requires
renewal by bone marrow cells, and hence, remain to
be determined. One cannot exclude the possibility that
stromal cell-derived factor 1 or vascular endothelial
growth factor have a role in the chemoattraction
of marrow derived cells to the lamina propria. In
our study, we did not study these factors. However,
HGF alone may also serve as a chemoattractant of
+
circulating HGFR cells since it has been reported that
[34]
HGF level is elevated in the inflamed colonic mucosa .
Although it is apparent that the intestinal epithelium
responds to inflammation and mucosal injury by
initiating a repair response, the specific effects on the
turnover of epithelial stem- or progenitor cells, and the
exact mechanism how the inflammatory milieu may
perturb epithelial differentiation and/or function, are
still obscure. Furthermore, the bidirectional interactions
between stem cells and their niche are of special
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importance to determine stem cell behavior, and thus
leading toward self-renewal or differentiation.
In conclusion, based on our present results
+
the elevated number of HGFR subepithelial and
circulating cells within the inflammatory colon may
be an indicator of the increased demand of cells with
high mucosal regenerative capacity. The presence
of HGFR/CDX2 double immunoreactive cells along
with the detectable expression of Musashi-1 and
Lgr5 in the peripheral blood and LP of patients with
+
UC highlight on the potential involvement of HGFR
cells in colonic mucosal healing related to severe
inflammatory injury. Moreover, the data indicate that
+
HGFR cells in the circulation are already committed
to the epithelial lineage. The presence of HGFR/CD133
double immunopositive cells in the LP suggests that a
+
portion of HGFR cells may be originated from a local
stem cell pool, and besides repair functions, they could
potentially be involved in UC-associated carcinogenesis
as well. In addition, CD133 could also affect the
regulation of cell motility, another crucial element of
+
+
wound healing. The detection of CD133 /CDX2 cells
along with the presence of Musashi-1 in subepithelial
lymphoid aggregates support that mesenchymal-toepithelial transition, an essential event in epithelial
regeneration is primarily located to those lymphoid
structures. In conclusion, both HGFR and CDX2
seem to be definitely involved in colonic mucosal
regeneration of clinically active UC patients, however
further investigations are needed to determine their
definite role and function, and relation to local and
bone marrow stem cell pools.

This is the first study evaluating the injury-associated stem cell-related
phenotype of HGFR+ cells in peripheral blood and colonic tissue of patients with
active ulcerative colitis and compared to that of controls.

Applications

The presence of HGFR/CDX2 double immunoreactive cells in the peripheral
blood and lamina propria of ulcerative colitis patients highlight on the potential
involvement of HGFR+ cells in colonic mucosal healing related to severe
inflammatory injury. The data also indicate that HGFR+ cells in the circulation
are committed to the epithelial lineage. The presence of HGFR/CD133 double
immunopositive cells in the lamina propria suggests that a portion of HGFR+
cells may be originated from a local stem cell pool.

Terminology

Mesenchymal-to-epithelial transition (MET), a crucial physiologic event converts
motile mesenchymal cells to polarized epithelial cells, thus favors -among
others- epithelial regeneration. Within pathological circumstances, increasing
evidence indicates that MET may regulate epithelial carcinogenesis, as well.

Peer-review

Authors demonstrated that higher number of HGFR, CDX2, CD133 and
Musashi-1 positive cells were detected, and that HGFR/CDX2 and Musashi-1/
CDX2 co-expressions were found in blood and lamina propria of UC samples.
These results are interesting. Previous studies have established that HGFR+
cells may have a role in mucosal healing in ulcerative colitis. However, as the
authors point out, the migration pathway of HGFR+ cells from the blood stream
to the lamina propria has not been elucidated.
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Abstract
AIM: To investigate the effects of restraint stress on
-/chronic colitis in interleukin (IL)-10 deficient (IL-10 )
mice.

Institutional animal care and use committee statement:
All animal procedures and stress protocols were approved by the
Institutional Animal Care and Use Committee of Seoul National
University Hospital.

METHODS: The first experiment compared the effect
of restraint stress on the development of intestinal
-/inflammation in wild-type and IL-10 mice. Both wild-/type and IL-10 mice were physically restrained in a
3
well-ventilated, 50 cm conical polypropylene tube for
2 h per day for three consecutive days. The second
experiment was performed to assess the effect of
restraint stress on exacerbation of colitis induced
-/-/by piroxicam in IL-10 mice. The IL-10 mice were
exposed to restraint stress for 2 h per day for 3
consecutive days, and then treated with piroxicam for
4 d at a dose of 200 ppm administered in the rodent
chow.
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RESULTS: In the first experiment, none of the wild-
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[8]

type mice with or without restraint stress showed
clinical and histopathological abnormality in the
-/gut. However, IL-10 mice exposed to restraint
stress exhibited histologically significant intestinal
inflammation as compared to those without restraint
stress. In the second experiment, restraint stress
significantly reduced body weight and increased
the severity of intestinal inflammation assessed by
-/histopathologic grading in IL-10 mice. Colonic IL12p40
mRNA expression was strongly increased in mice
exposed to restraint stress.

and subepithelial hemorrhage in rats . Restraint stress
exacerbates dextran sulfate sodium (DSS)-induced
colitis as well as the oxidative stress damage caused
[9,10]
by 2,4,6-trinitrobenzene sulfonic acid (TNBS)
.
Stress increases colonic permeability, facilitating
bacterial translocation and activation of CD4+ T cell
[11]
response . These data support the importance of
stress in both the development and recurrence of
bowel inflammation.
The precise pathogenesis of IBD remains obscure,
but it is known to result from a complex interaction
of genetic, microbial, immune dysregulation, and
[12]
environmental factors . Interleukin (IL)-10 knockout
-/( ) mice, in which IL-10 deficiency allows for the
unrestrained augmentation of a type 1 T helper (Th-1)related immune response, represent an animal model
[13]
-/of Crohn’s disease . IL-10 mice develops chronic
colitis due to a combination of the same factors in the
pathogenesis of IBD, including genetic predisposition,
immune dysregulation, and microbial environment.
-/Therefore, IL-10 -associated colitis is more suitable
than chemically-induced colitis models to evaluate the
effect of stress on intestinal inflammation.
In the present study, we investigated the effect of
restraint stress on the development and worsening of
-/bowel inflammation in IL-10 mice and developed a
novel animal model.

CONCLUSION: This novel animal model could be
useful in future study of psychological stress in the
pathogenesis of inflammatory bowel disease.
Key words: Stress; Colitis; Interleukin-10; Inflammatory
bowel disease; Mouse model
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: we investigated the effect of restraint
stress on the development and worsening of bowel
-/inflammation in interleukin (IL)-10 mice and
developed a novel animal model. this is the first study
to demonstrate the effect of restrain stress in inducing
-/and exacerbating chronic colitis in IL-10 mice. We
believe that this novel animal model could be useful in
future study of psychological stress in the pathogenesis
of inflammatory bowel disease because this model
develops chronic colitis due to interaction of genetic,
immune dysregulation, microbial environment, and
stress factor.

MATERIALS AND METHODS
Mice

Seven to eight-week-old specific pathogen-free male
-/(SPF) C57BL/6 IL-10 mice were obtained from the
Center for Animal Resource and Development (Seoul,
South Korea). Age- and sex-mached wild-type (C57BL/
6NCrljBgi male mice) littermates were purchased
from Orient (Seongnam, South Korea). All mice were
maintained on a 12-h/12-h light/dark cycle under SPF
conditions. Mice had ad libitum access to water and
standard rodent food. All animal procedures and stress
protocols were approved by the Institutional Animal
Care and Use Committee of Seoul National University
Hospital.

Koh SJ, Kim JW, Kim BG, Lee KL, Kim JS. Restraint stress
induces and exacerbates intestinal inflammation in interleukin-10
deficient mice. World J Gastroenterol 2015; 21(28): 8580-8587
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i28/8580.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i28.8580

INTRODUCTION

Restraint stress protocols

Stress is associated with numerous gastrointestinal
[1,2]
disorders
. Peptic ulcer disease is associated
[3]
with stress-induced acid secretion , and inpatients
with psychological stress have been noted to have
increased rates of irritable bowel syndrome (IBS) and
[4]
functional dyspepsia . Stress is an important factor
for both the development and occurrence of relapse in
[5]
inflammatory bowel disease (IBD) . Patients with IBD
are reported to have an increased response rate to
placebo treatment, supporting the role of stress in the
[6,7]
pathogenesis of IBD .
It has been proposed that stress modulates
intestinal inflammation in experimental models.
Restraint stress was shown to induce mucosal erosion

WJG|www.wjgnet.com

The first experiment compared the effect of restraint
stress on the development of intestinal inflammation
in wild-type (stress positive, n = 4; stress negative, n
-/= 4) and IL-10 mice (stress positive, n = 4; stress
-/negative, n = 10). Both wild-type and IL-10 mice
3
were physically restrained in a well-ventilated, 50 cm
conical polypropylene tube for 2 h per day for three
consecutive days. The mice were euthanized 5 d after
the final exposure to restraint stress.
Because the onset and severity of colitis are
-/variable in IL-10 mice, the second experiment was
performed using piroxicam, which is known to induce
-/[14]
-/rapid and uniform colitis in IL-10 mice . The IL-10
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mice (stress positive, n = 4; stress negative, n = 6)
were exposed to restraint stress for 2 h per day for
3 consecutive days, and then treated with piroxicam
for 4 days at a dose of 200 ppm administered in the
rodent chow. We checked the amount of piroxicam-/containing chow daily. IL-10 mice consumed
approximately 1.5-2 g of piroxicam-containing chow,
which was similar in both two groups regardless
th
of stress exposure. Mice were sacrificed on the 7
day after the first exposure to restraint stress. Mice
were monitored daily for behavior, water intake, food
consumption, and body weight by a researcher blinded
to the restraint stress protocol.

αreverse, 3’-aca ccc att ccc ttc aca gag-5’; β-actin
forward, 5’-gtg ggc cgc tct agg cac caa-3’, β-actin
reverse, 3’-ctc ttt gat gat gac acg cac gat ttc-5’.

Statistical analysis

The difference between the two groups was analyzed
using the Mann-Whitney U test. P-values less than 0.05
were considered statistically significant.

RESULTS
Induction of spontaneous colitis in IL-10-/- mice

Before evaluating the effect of restraint stress, we
assessed the basal level of intestinal inflammation
-/-/in IL-10 mice for our facility. IL-10 mice at 6 to 7
wk of age were grossly healthy and had no intestinal
inflammation. In addition, intestinal inflammation was
-/not observed until IL-10 mice were 11 wk old.
To assess the role of restraint stress in the
-/inflammatory responses in the colon, 7-wk-old IL-10
and wild-type mice were physically restrained in a
3
well-ventilated, 50 cm conical polypropylene tube for
2 h per day for three consecutive days. There was no
significant difference in body weight change among the
four groups. None of the wild-type mice had intestinal
inflammation (average colitis score 0.50 ± 0.57 and
0.75 ± 0.50 in proximal and distal colon, respectively).
-/Mild colitis was observed in 20% of IL-10 mice
without restraint stress (average colitis score 1.20 ±
0.57 and 1.30 ± 0.50 in proximal and distal colon,
-/respectively); the majority (80%) of IL-10 mice
without stress was completely normal. In contrast,
epithelial hyperplasia, crypt abscess, ulceration, and
-/transmural inflammation were observed in IL-10
mice exposed to restraint stress. Histological grading
showed that restraint stress significantly aggravated
the overall score of colitis (average colitis score 3.00
± 1.15 and 2.25 ± 0.96 in proximal and distal colon,
respectively) (Figure 1).

Histopathological evaluation

Histopathological evaluation was performed as
[15]
described previously . Mouse colons were immediately
extracted and examined for macroscopic damage.
Both the proximal and distal 2-cm portions of the
colon were removed and opened longitudinally for
histopathological evaluation. The resected colons from
mice were fixed in 10% neutral buffered formalin,
embedded in paraffin and stained with hematoxylineosin for light microscopic evaluation or frozen in
liquid nitrogen for biochemical analysis. The severity
of colitis was evaluated by a pathologist blinded to
the restraint stress protocol according to a previously
published grading system based on mononuclear
cell infiltration, epithelial cell hyperplasia, goblet cell
depletion, ulceration, crypt damages, and transmural
[16]
inflammation : 0 - no change from normal tissue;
1 - a few mononuclear cell infiltrates in the lamina
propria with minimal epithelial hyperplasia and slight
depletion of mucus from goblet cells; 2 - several
multifocal, mild inflammatory cell infiltrates in the
lamina propria with mild epithelial hyperplasia and
mucin depletion; 3 - moderate inflammation that often
involves the submucosa but is rarely transmural; 4 intense inflammation that is sometimes transmural
with marked epithelial hyperplasia, ulceration, and
crypt abscesses.

Rapid exacerbations of colitis by restraint stress on
piroxicam-induced colitis model in IL-10-/- mice

Real-time reverse-transcriptase polymerase chain
reaction

Because the onset and severity of colitis are variable
-/in IL-10 mice, we performed a study using a rapid
-/colitis model induced by piroxicam in IL-10 mice.
-/Body weight was significantly reduced in IL-10 mice
exposed to restraint stress 5 d after administration of
piroxicam (Figure 2). The histologic examination of the
-/proximal colons from IL-10 mice exposed to restraint
stress showed severe colitis including ulceration,
transmural inflammation, and severe infiltration of
inflammatory cells. In contrast, epithelial hyperplasia
-/and mild infiltration were observed in IL-10 mice
without restraint stress. Histologic grading revealed
that restraint stress exposure significantly amplified
-/the severity score of colitis in IL-10 mice (average
colitis score 3.50 ± 0.58 and 1.60 ± 0.55) (Figure 3A).
Histologic evaluation revealed less severe intestinal

Quantitative real-time reverse-transcriptase poly
merase chain reaction (RT-RCR) was performed as
[17]
described previously . Mouse colon tissues were
homogenized and total RNA was extracted by using
Trizol (GIBCO). One microgram of extracted RNA
was reverse-transcribed and amplified using the
SYBR green PCR master mix and an ABI prism 7000
sequence detection system (Applied Biosystems,
Foster City, CA) with specific primers for IL-12p40 and
IFN-γ. The obtained data were normalized to the level
of β-actin. The following PCR primers were used: IL12p40 forward, 5’-gga agc acg gca gaa ta-3’, IL-12p40
reverse, 3’-aac ttg agg gag aag tag gaa tgg-5’; TNF-α
forward, 5’-agc cca cgt cgt agc aac cac caa-3’, TNF-
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Figure 1 Histologic evaluations of (A) proximal and (B) distal colons in both wild-type and interleukin-10 -/- mice. Wild-type (stress positive, n = 4; stress
negative, n = 4) and interleukin (IL)-10-/- mice (stress positive, n = 4; stress negative, n = 10) were physically restrained in a well-ventilated, 50cc conical polypropylene
tube for 2 h per day for 3 consecutive days, as described in Materials and Methods. The total histologic score was derived from the severity of total inflammation and
crypt damage (mean ± SD). Mild colitis was observed in some of IL-10-/- mice without restraint stress. In contrast, epithelial hyperplasia, crypt abscess, ulceration, and
transmural inflammation were observed in IL-10-/- mice exposed to restraint stress. Results are representative of at least three separately examined sites (Magnification,
x 40). Stress (+), restraint stress for 2 h; IL-10-/-: IL-10 knockout mice; aP < 0.05 vs stress negative IL-10-/- mice.

inflammation in the distal colon than in the proximal
colon of both groups. There was no significant
difference in the histologic grade between the two
groups (Figure 3B).

DISCUSSION
It has been proposed that IBD is caused by the
interplay of host genetic factors (including barrier
function and immune dysregulation), intestinal
microbiota, and various environmental factors such
[18]
as psychological stress . However, the precise role
of psychological stress in the pathogenesis of IBD
remains unclear. In an animal study, antidepressants
reduce the susceptibility to the development of
colitis in a model of depression induced by maternal
[19]
separation . In addition, recent data demonstrated
-/that early life stress exacerbates colitis in IL-10
[20]
mice by inducing colonic barrier dysfunction ,
suggesting that psychological factors such as chronic

Restraint stress exacerbates pro-inflammatory cytokine
production in IL-10-/- mice

To determine whether restraint stress affects proinflammatory cytokine production, we performed real-/time RT-PCR using extracted colons from IL-10 mice.
As shown in Figure 4, the level of IL12p40 mRNA
expression was increased in the colon of the mice
exposed to restraint stress. However, there was no
significant difference in IFN-γ level between the two
groups.
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Piroxicam 200 ppm

106

mechanism by which restraint stress results in
worsening colitis remains obscure. Our data showed
no difference in the expression of IFN-γ in the colonic
mucosa regardless of restraint stress. A previous
study suggested that IFN-γ may not be a critical
factor for stress mediated colitis, which is consistent
[21]
with our data . However, severe colitis caused by
restraint stress was associated with increased IL12p40
expression in the present study. IL-12 production is
[24]
critical for inducing Th-1 differentiation . In addition,
anti-IL-12 monoclonal antibody attenuates intestinal
-/[25]
inflammation in IL-10 mice . Furthermore, a human
study demonstrated that psychological stress induces
pro-inflammatory cytokine production and Th1-like
[26]
response in stress-induced anxiety . Therefore,
we believe that restraint stress may contribute
to activation of Th1-related immune mechanism,
resulting in exacerbations of chronic colitis. Further
studies are needed to explain the precise mechanism
of psychological stress in the development of colitis.
Although we have demonstrated that restraint
stress aggravates intestinal inflammation, the
molecular mechanism remains obscure. It is suggested
that oxidative stress is one of the etiological factors
[27]
of IBD . In several studies, patients with IBD
demonstrated excessive reactive oxygen molecules
[28-30]
in various specimens including colon tissues
.
More importantly, an experimental colitis study in
rats showed that immobilization stress increased
[31]
susceptibility to oxidative damage . Based on these
results, oxidative stress seems to be an important
factor in the molecular pathogenesis of stress-induced
colitis. Further studies are needed to elucidate the
molecular pathogenesis between stress and intestinal
inflammation.
IBS and IBD are distinct diseases; however, they
have some important overlapping features such as
genetic factor, impaired gut barrier function, and
[32]
immune activation . Interestingly, stress can activate
both IBS and IBD symptoms. However, it remains
unclear whether stress overlaps in the pathogenesis
[33]
of both diseases. Previously, Mozaffari et al
used
restraint stress to create an animal model of IBS.
In this study, five-day restraint stress induced rapid
small bowel and colonic transit. Our data showed
that restraint stress aggravates the severity of
-/histopathology in IL-10 mice. Therefore, we believe
that restraint stress animal models may be useful in
investigating the common pathogenesis of IBS and
IBD.
This study has several limitations. First, there are
ethical considerations limiting the extent to which
mice can be exposed to restraint stress, however, the
Institutional Animal Care and Use Committee in our
facility approved our study protocol methods after
careful review. In addition, we tried to minimize the
number of animals exposed to restraint stress in our
study. Second, restraint stress aggravated the severity

Restraint stress (-)
Restraint stress (+)

Body weight change (%)

102
a
98

94

Stress

90

86

D1
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D4
Day
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Figure 2 Body weight change in colitis model induced by piroxicam
treatment. interleukin (IL)-10-/- mice (stress positive, n = 4; stress negative, n
= 6) were exposed to restraint stress for 2 h per day for 3 consecutive days.
IL-10-/- mice were then treated with piroxicam for 4 d at a dose of 200 ppm in the
rodent chow. Body weight was evaluated daily and mice were sacrificed on the
7th day after the first exposure to restraint stress. Body weight was significantly
reduced in IL-10-/- mice exposed to restraint stress 5 d after administration of
piroxicam. aP < 0.05 vs stress negative IL-10-/- mice.

stress, adverse life events, and depression are some
of the critical factors affecting the disease activity
of IBD. Our data prove that restraint stress triggers
-/the development of severe colitis in IL-10 mice. In
addition, colitis in mice exposed to restraint stress was
rapidly induced by the administration of piroxicam,
compared to mice without stress. Colitis induced
-/by restraint stress in IL-10 mice was associated
with elevated pro-inflammatory cytokine. Our data
therefore provide additional information regarding the
role of stress in the pathogenesis of chronic colitis,
-/suggesting that the stress-induced IL-10 colitis model
may be useful for elucidating the role of stress in IBD.
A previous study showed that restraint stress is
associated with worsening of TNBS-induced colitis in
[9]
rats . In addition, restraint stress increases disease
[21]
activity of colitis in mice with DSS-induced colitis .
These self-limiting and chemically induced colitis
models are inadequate for use in studying chronic
colitis, and the extent of mucosal damage may be
influenced by duration or concentration of exposure
of the chemical toxin. To overcome this weakness, we
-/used IL-10 mice, which exhibit spontaneous chronic
colitis. Moreover, the histopathology of colitis in these
mice is similar to that seen Crohn’s disease. Our data
demonstrate that restraint stress exacerbates colitis
by both a clinical and histologic index in a Crohn’s
disease-like murine model, strengthening the evidence
for the role of psychological stress in the pathogenesis
of IBD.
The effect of psychological stress in intestinal
inflammation is mediated by the alteration of epithelial
barrier function, activation of mucosal mast cells, and
hormonal changes in the hypothalamus-pituitary[22,23]
adrenal gland axis
. However, the molecular
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Figure 3 Histologic evaluations of (A) proximal and (B) distal colons in interleukin-10-/- mouse colitis induced by piroxicam. interleukin (IL)-10-/- mice were
exposed to restraint stress for 2 h per day for 3 consecutive days. IL-10-/- mice were then treated with piroxicam for 4 d at a dose of 200 ppm in the rodent chow.
The total histologic score was derived from the severity of total inflammation and crypt damage (mean ± SD). Mice with restraint stress exhibited severe colitis
including inflammatory cell infiltration, crypt abscess, transmural inflammation, and ulceration, whereas mice without restraint stress showed epithelial hyperplasia and
inflammatory cell infiltration. Results are representative of at least three separately examined sites (Magnification, x 40). Stress (+), restraint stress for 2 h. aP < 0.05
vs stress negative IL-10-/- mice.
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Figure 4 Restraint stress induced pro-inflammatory cytokine production in interleukin-10-/- mice with colitis. Cytokine mRNA was extracted from mouse colon.
Relative mRNA expression of interleukin (IL)-12p40 and IFN-γ against β-actin is expressed as the mean ± SE. The data are representative of three independent
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-/-

of colitis in the proximal colon. As known, IL-10 mice
exhibit minor histological change in the distal colon,
compared to that in the proximal colon. Although we
could not confirm statistical significance, the trend
toward aggravating the severity of inflammation was
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shown for the distal colon. Finally, we could not provide
a precise molecular mechanism by which restraint
stress results in chronic intestinal inflammation.
In conclusion, our study showed that restraint
stress induces and exacerbates intestinal inflammation
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and pro-inflammatory cytokine production in IL-10
mice. This novel animal model may prove useful in
future study of psychological stress in the pathogenesis
of IBD.

8
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The precise pathogenesis of inflammatory bowel disease (IBD) remains
obscure, but it is known to result from a complex interaction of genetic,
microbial, immune dysregulation, and environmental factors. It has been
proposed that stress modulates intestinal inflammation. The authors
investigated the effect of restraint stress on the development and worsening of
bowel inflammation in interleukin (IL)-10-/- mice and developed a novel animal
model.
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Abstract
AIM: To investigate the value of chaperonin containing
TCP1, subunit 3 (CCT3) to predict the prognosis of
patients with hepatocellular carcinoma (HCC) and
determine its function in HCC progression.

Supported by Beijing Key Laboratory Special Fund, No.
Z141107004414042.

METHODS: CCT3 expression levels were examined
in human non-cancerous liver tissues and a variety
of HCC cell lines by quantitative real-time PCR and
immunoblotting. CCT3 expression was suppressed
by small interfering RNA. The effects of reducing
CCT3 expression in HCC cells were tested. The
3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium
bromide (MTT) assay, cell counting experiment,
cell cycle assay, apoptosis assay and invasion assay
were employed to evaluate cell functions in vitro .
Immunohistochemistry was performed on HCC
specimens. In addition, CCT3 expression in HCC
specimens was also assessed at the protein and
mRNA level. Associations between clinicopathological
characteristics and prognosis were analyzed, along with
the possible mechanisms involved in CCT3’s function in
HCC progression.
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RESULTS: The expression levels of CCT3 mRNA and
protein were upregulated in HCC cell lines in contrast
to adjacent non-cancerous tissues. Reducing CCT3
expression not only suppressed cell proliferation in
cell counts, MTT assay, cell cycle assay and induced
cell apoptosis (P < 0.05 vs negative control), but also
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inhibited the tumor cell invasion capacity in vitro (P
< 0.01 vs negative control). Overexpression of CCT3
in the nuclei of cancer cells in HCC specimens (58
of 104 patients, 55.8%) was associated with poor
prognosis in HCC patients (3-year survival rate, 55.5%
vs 84.2%, P = 0.020) after hepatectomy. Mechanistic
analyses showed that signal transducer and activator of
transcription 3 (STAT3) activation was decreased even
when stimulated by interleukin-6 after knocking down
CCT3 in the HepG2 cell line.

patients with HCC may have a distinctly different
disease course and outcome, even with the same
BCLC score or classification. Molecular profiling is likely
to be promising to assess prognosis and to target
[5]
treatment in individuals with HCC .
Chaperonin containing TCP-1 [TCP-1 ring complex
(TRiC), CCT/TRiC], a large molecular weight complex
presents in eukaryotic cells, comprises eight homologous
subunits (CCT1, 2, 3, 4, 5, 6, 7, 8). These subunits
are assembled in two stacked octameric rings, which
[6]
form a cage . The subunits possess identical ATPase
domains, whose polypeptide-binding regions have
radically diverged while evolving to enhance binding
[7]
specificity . All of these subunits form a cage, which
plays a critical role in protein folding and refolding.
Being folded into specific three-dimensional structures
is necessary for proteins to reach their native states
and become functionally active. If incorrectly folded
or misfolded, proteins can lose biological functions,
[8]
and even gain harmful functions . CCT/TRiC
generally contributes to the folding of 10% to 15%
of newly synthesized proteins into their native states
in eukaryotic cells, in addition to refolding some
proteins that have lost their native states under stress
[9,10]
conditions
. CCT/TRiC is involved with a variety of
proteins concerned with cell growth, proliferation, and
apoptosis in normal and tumor cells, such as cyclin B,
cyclin E, actins, tubulins, the von Hippel-Lindau (VHL)
[11-16]
tumor suppressor protein, P53 and STAT3
.
CCT3 (60 kDa) is a critical subunit in CCT/TRiC
complexes, which plays a significant role in specifically
binding these factors during protein folding or
[17-19]
refolding. CCT3 is overexpressed in HCC tissues
,
[20,21]
ovarian cancer and cholangiocarcinoma
. Although
the functions of CCT/TRiC involved in cell proliferation
and the tumorigenesis of different tumors in vitro have
been studied by targeting CCT1, CCT2, CCT4, and
[22-24]
CCT8
, few studies have been conducted on CCT3.
Thus, it is unclear what effect CCT3 has on HCC.
In this study, the expression of CCT3 in HCC
patients was evaluated. In addition, we investigated
its effects on HCC cell proliferation, apoptosis, invasion
and its potential mechanisms in vitro by targeted
silencing of the CCT3 gene. These findings will
contribute to the clarification of its function in HCC,
and assess its value in clinical prognosis and targeted
therapy in HCC.

CONCLUSION: Overexpression of CCT3 in the nuclei
of cancerous cells is associated with HCC progression.
CCT3 may be a target that affects the activation of
STAT3 in HCC.
Key words: Hepatocellular carcinoma; Chaperonin Con
taining TCP1, Subunit 3; Cell growth; Invasion; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) is a lethal
disease and it is difficult to evaluate prognosis and manage
the disease. This study showed that overexpression of
chaperonin containing TCP1, subunit 3 (CCT3) in the
nuclei of cancerous cells was an independent risk factor
for the prognosis of HCC patients and was associated
with tumor histological type and microvascular
invasion. CCT3 affects activation of the interleukin-6/
signal transducer and activator of transcription 3
signal pathway in vitro . CCT3 could play an essential
role in the progression of HCC and might represent
a prognostic biomarker in patients with HCC after
hepatectomy.
Cui X, Hu ZP, Li Z, Gao PJ, Zhu JY. Overexpression of
chaperonin containing TCP1, subunit 3 predicts poor prognosis
in hepatocellular carcinoma. World J Gastroenterol 2015;
21(28): 8588-8604 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i28/8588.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8588

INTRODUCTION
As the most common primary liver cancer, hepatocellular
carcinoma (HCC) is the third most common cause of
[1]
cancer death globally . Approximately 750000 new
[2]
cases of liver cancer are reported each year . Eighty
percent of HCC cases develop from fibrosis caused
[3]
by viral hepatitis or alcohol . In China, most HCC
patients develop cirrhosis that is caused by hepatitis
B virus hepatitis. The natural course of HCC is likely to
be invasive and unpredictable. The prognosis of HCC
has been assessed using different clinical classification
criteria, the Barcelona Classification (BCLC), for instance,
which enrolled tumor number, size, vascular invasion,
[4]
Child-Pugh score and performance status . However,
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MATERIALS AND METHODS
Sample collection and cell culture

Before this study, the protocol and sample collection
were approved by the Institutional Review Board of
Peking University People’s Hospital, Beijing, China. The
human HCC cell lines SMMC-7721, HepG2, Huh-7 and
Hep3B were purchased from Shanghai Institute for
Biological Sciences, Shanghai, China. The cells were
maintained in 5% CO2 at 37 ℃ in RPMI 1640 (Hyclone,
Logan, UT, United States) supplemented with 10%
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fetal bovine serum (GIBCO, Carlsbad, CA, United
States).

(Invitrogen, Shanghai, China). Total and nuclear pro
teins from cells and tissue were extracted with a total
protein extraction kit or a nuclear-cytosol extraction
kit (Applygen Technologies Inc., Beijing, China). The
samples were then stored at -80 ℃.

Patients and tissue specimens

Tumor tissues and adjacent non-cancerous tissues (n
= 20) were collected from patients who had undergone
resection for primary HCC in the Department of
Hepatobiliary Surgery, Peking University People’s Hospital
between 2013 and 2014. Neither radiofrequency ablation
therapy nor transcatheter arterial chemoembolization
(TACE) was performed in these patients preoperatively.
Non-cancerous liver tissues were collected from
patients with hepatic hemangiomas who underwent
hepatectomy. After resection, the tissues were
washed with 0.9% sodium chloride solution, then
immersed in liquid nitrogen and stored in -80 ℃.
One hundred and four paraffin-embedded HCC
samples were collected from primary HCC patients
who had undergone hepatectomy in the Department
of Hepatobiliary Surgery, Peking University People’
s Hospital between 2008 and 2012. Patients with
extrahepatic metastasis confirmed by computed
tomography (CT), magnetic resonance imaging (MRI),
or positron emission tomography were excluded.
Tumor stages were determined according to the
TNM system of the American Joint Committee on
[25]
Cancer . The histological grade of each tumor was
determined based on the Edmondson-Steiner grading
[26]
system . Macrovascular invasion was defined by
the thrombus adjacent to the tumor, with a blurred
boundary presented in the portal vein, which was
confirmed by at least one imaging modality, CT or
[27]
MRI . Microvascular invasion (MVI) was defined
by a thrombus that was formed by cancerous cells
presented in the vascular space encircled by vascular
endothelial cells, located in the tumor capsule or in
the surrounding liver parenchyma, either in the portal
vein or hepatic vein branches. Clusters of cancerous
cells or a few cancerous cells, which floated in isolated
vessels, but were not covered by endothelium, were
[28]
not diagnosed as MVI . Patients enrolled in this
study had detailed medical records of the etiology of
hepatitis, gender, age, pre-operative alpha-fetoprotein
(AFP) level, cirrhosis description, number and size of
tumor nodules, Child-Pugh scores, radical resection or
palliative resection and post-operative TACE. Followup was undertaken at outpatient visits, which included
liver function tests, AFP and CT or MRI at 3 mo postoperatively, and every 3 mo for two years. Thereafter,
laboratory tests and imaging were repeated at 6-month
intervals. The study endpoint was February 28, 2015,
and the median follow-up period was 36.5 mo. All
patients who did not survive, died of HCC or related
complications. Three-year survival (time from date of
surgery to date of death or last follow-up) rate was
used to evaluate prognosis.

RNA reverse transcription, and quantitative real-time
PCR

Quantitative real-time PCR (qPCR) amplification was
undertaken using a Takara TP800 Real-time PCR
system (Takara, Shiga, Japan). RNA was converted
into cDNA. The amplification reactions were conducted
with specific primers as follows: CCT3 forward primer
5’-CCTCCAGGTATCTTTTCCACTCT-3’, reverse primer:
5’-TCAGTCGGTGGTCATCTTTGG-3’. GAPDH forward
primer 5’-TGACTTCAACAGCGACACCCA-3’, reverse
primer 5’-CACCCTGTTGCTGTAGCCAAA-3’. The PCR
conditions were performed as follows: 95 ℃ for 15 s
to activate DNA polymerase; followed by 45 cycles of
95 ℃ for 5 s, 60 ℃ for 30 s; 1 cycle of 95 ℃ for 60 s,
55 ℃ for 60 s; and 81 cycles of heating from 55 ℃ to
95 ℃ for 4 s. The set point temperature was increased
after cycle 2 by 0.5 ℃. Specificities of the reaction
products were evaluated by melting curve analyses. All
experiments were repeated three times for the genes.

Western blotting

Western blotting was carried out on lysates of HCC
[15]
tissues and cell lines as described previously
using
rabbit polyclonal anti-CCT3 antibodies (1:1000,
Abcam, Cambridge, MA, United States), rabbit
monoclonal anti-GAPDH (1:2000, Cwbiotech, Beijing,
China), rabbit monoclonal anti-(p)STAT3, rabbit
monoclonal anti-STAT3 (1:2000, Abcam) and rabbit
polyclonal anti-Histone 3 antibodies (1:2000, Abcam).
The secondary antibody was an HRP-conjugated antirabbit IgG antibody (1:4000; Zhongshan, Beijing,
China). The enhanced chemiluminescence reagent
(Thermo, South Logan, UT, United States) was used
for signal detection.

Immunohistochemistry

Paraffin-embedded blocks were sectioned at 3-μm
thickness. The Polink-1 HRP DAB Detection System
One-step polymer detection method was used
as follows: tissue sections were deparaffinized in
xylene, and then rehydrated through ethanol to
water. Endogenous peroxidase activity blocking was
performed with 3% H2O2 for 15 min. Antigen retrieval
was performed as follows: sections were heated in a
high pressure cooker with 10 mmol/L citrate buffer (pH
6.0) at 1000 kW power heated by an induction cooker
for 2.5 min, and then left to cool naturally. Non-specific
binding was abolished using 5% goat serum (Beyotime
Biotechnology, Beijing, China) for 30 min. Prediluted
primary polyclonal rabbit anti-CCT3 antibodies (1:80,
Abcam Co., Hong Kong, China) were used. Negative
control slides without antibody were included in this
step. The slides were incubated for 16 h at 4 ℃.

RNA and protein extraction

Extraction of RNA was conducted using Trizol solution
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After washing with phosphate-buffered saline (PBS),
secondary antibody at working dilutions (rat anti-rabbit
IgG, Beijing XiYa Jinqiao Biology Technology Company,
Beijing, China) was added to the section, which was
incubated for 1 h at room temperature. After washing,
diaminobenzene (DAB) was added to develop the
color reaction. After ending the reaction, the sections
were counterstained with hematoxylin, cleared and
mounted.

CGTTTCAAGAGAACGTGACACGTTCGGGAATTTTTG-3',
anti-sense: 5’-AATTCAAAAATTCTCCGAACGTGTCACG
TTCTCTTGAAACGTGACACG TTCGGAGAA-3’.
Transient transfection was performed when cells
reached 30% confluence. After the infected cells with
green fluorescent protein (GFP) exceeded 80% of
the total in 72 h, the cells were harvested for further
assays. Knockdown efficiency was evaluated by
western blotting and qPCR.

Immunocytochemistry

Cell proliferation assay

4

Cells were plated on coverslips at a density of 2 × 10 /mL,
then washed with PBS three times after incubating at
37 ℃ for 6 h. Cells on the coverslips were fixed with 4%
paraformaldehyde for 15 min, then air dried, incubated
with 0.5% Triton X-100 for 20 min, washed with PBS
three times and incubated with 3% H2O2 for 15 min.
The follow-up procedures were all the same as the
immunohistochemistry (IHC) procedures, except that
the antigen retrieval step was omitted.

The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-Htetrazolium bromide (MTT) assay and cell counting
were used to assess cell proliferation and viability. Cells
were plated in 96-well plates at approximately 2 ×
3
10 /well, and then incubated for 24, 48, 60, 72, 96 or
120 h. Twenty μL of MTT (5 mg/mL) (Sigma, St. Louis,
MO, United States) was added to the wells at each
time point. Supernatants in the wells were removed,
and 100 μL dimethyl sulfoxide (DMSO) (Sigma) was
used to end the reaction. The optical density in each
well was detected by the Biotek Elx800 microplate
reader (Biotek, Winooski, VT, United States). Cells
infected with GFP-CCT3-siRNA (CCT3-siRNA) and
control vector pGCSIL-GFP (negative control, NC) were
3
plated in the 96-well plates at approximate 1 × 10 /
well, and then incubated for 120 h. The cells with GFP
were counted using a Thermo Cellomics ArrayScan
VT1 (Thermo) each day during the experiment. For
each experimental group, five wells were used. All
experiments were repeated in triplicate.

Evaluation of staining

The IHC slides were reviewed and scored by two
pathologists (Qian LH and Song JQ), who were
blinded to the clinical parameters, from the Pathology
Department of Peking University People’s Hospital,
independently. CCT3 staining in the nuclei and the
cytoplasm was evaluated separately. The score was
calculated based on the sum of staining intensity
and the percentage of positive staining of cancerous
cells. The percentage of positively stained areas in the
cytoplasm of cells was defined using a scale of 0-3 (0:
< 10%, 1: 10%-25%, 2: 26%-75%, and 3: > 76%).
Staining intensity was scored as “0” (no staining),
“1” (weak staining), “2” (moderate staining), or “3”
(strong staining). The percentage of positively stained
nuclei were scored as 0: < 20%, 1: 20%-49%, 2:
50%-79%, and 3: > 80%) in cancerous cells. The total
immunostaining score of nuclei or cytoplasm ranged
from 0 to 6. CCT3 expression levels was classified as:
“-” (0-1), “+” (2-3), “++” (3-4) and “+++” (4-6).
Patients were then divided into low CCT3 expression (“-”
and “+”) and high CCT3 expression (“++” and “+++”)
[29,30]
groups
.

Cell cycle assay

Cells were collected after reaching 80% confluence,
washed once in ice cold PBS, and fixed in 70%
ice ethanol overnight. The fixed cells were then
resuspended in 25 μL (2 mg/mL) propidium iodide
(Sigma), 10 μL (10 mg/mL) RNaseA (Fermentas,
MBI, Lithuania), and 1000 μL PBS, and then incubated
in the dark at 4 ℃ for 1 h. They were subjected to
flow cytometry analysis using a FACSCalibur device
(BD, Franklin Lakes, NJ, United States). Triplicate
experiments were conducted in each group.

Apoptosis assay

Lentivirus vector construction and cell transfection

Transfected cells were collected after reaching 85%
confluence. After washing twice with ice PBS solution,
they were resuspended using 400 μL 1 × binding
buffer followed by 1 mL 1 × staining buffer. After
incubating with 5 μL Annexin V-APC (Ebioscience, San
Diego, CA, United States), the cells were subjected to
flow cytometry using a FACSCalibur device (BD). Each
experiment was performed three times.

A lentiviral shRNA vector was used to target the
expression of CCT3 in the SMMC-7721 and HepG2
cell lines. CCT3 knockdown recombined lentivirus
vector, control vector pGCSIL-GFP and the small
interfering ribonucleic acid (siRNA) were constructed
by Gene Chem (Gene Chem, Shanghai, China). siRNA
molecules used for CCT3 siRNA were as follows:
CCT3 sense: 5'-CGGGCCAAGTCCATGATCGAAATTCTCGAGAATTTCGATCATGGACTTGGCTTTTTG-3', anti-sense:
5 ’ - A AT T C A A A A A G C C A A G T C C AT G AT C G A A A
TTCTCGAGAATTTCGATCATGGACTTGGC-3’. For the
negative control sense: 5'-CCGGTTCTCCGAACGTGTCA-
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Matrigel invasion assay

The assays were conducted with the Chemicon Cell
Invasion Assay Kit ECM550 (Chemicon, Temecula, CA,
United States). The CCT3-siRNA group and NC group
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were collected after reaching 80% confluence. The
4
cells (2 × 10 /well) in 200 μL RPMI 1640 were added
to the upper chamber. Five hundred μL RPMI 1640
containing 10% FBS was then added to the bottom
chamber. After incubating for 48 h, non-migrating cells
were removed from the top surface of the membrane.
The membranes were fixed with 4% paraformaldehyde
at room temperature for 30 min, then stained with
0.5% crystal violet, washed three times with PBS
and counted under a microscope. Ten random fields
were counted to calculate the number of stained cells.
Triplicate experiments were performed in the groups.

and HepG2 cells, using the cellomics assay. A decrease
in the proliferation rate was observed in the CCT3siRNA group in contrast to the NC group at days 3-5 (P
< 0.05, P < 0.01) (Figure 2A). The MTT assay revealed
that inhibition of CCT3 expression significantly inhibited
the proliferation of HCC cells (P < 0.01, Figure 2B).
The DNA content of CCT3-siRNA and NC cells was
determined by flow cytometry. The percentage of cells
in the S stage in the CCT3-siRNA group increased
compared with the NC group (P < 0.05, P < 0.01)
(Figure 2C).

Role of CCT3 in HCC cell apoptosis

IL-6 stimulation of cells

To determine whether inhibition of HCC cell growth
was attributed to induction of apoptosis, an Annexin
V-APC binding assay was performed. This revealed
that reducing CCT3 expression induced increased
apoptosis (P < 0.01) (Figure 2D).

CCT3-siRNA and NC HepG2 cells were incubated
overnight in 5% CO2 at 37 ℃. IL-6 (Sigma) at 0,
0.1, 0.3 and 1 ng/mL was administered to the cells.
After culturing at 37 ℃ for 30 min, the lysates were
harvested.

Knock-down of CCT3 suppresses HCC cell invasion in
vitro

Statistical analysis

SPSS 17.0 software (SPSS Inc., Chicago, IL, United
States) and Graph Pad Prism 5.0 (GraphPad Software
Inc., La Jolla, CA, United States) software were
used for statistical analyses and plotting the data.
All continuous variables were expressed as the
mean ± SD and evaluated with the Mann-Whitney
U nonparametric test or two-tailed paired t test. The
χ 2 test (Pearson’s test or continuity correction test)
or Fisher’s exact test were employed to evaluate
qualitative variables. The Kaplan-Meier method
and log-rank test were used for plotting survival
curves and for comparisons. The Cox proportional
hazards regression model was used to evaluate the
independent risk factors associated with prognosis.
Statistical significance was set at P < 0.05.

An invasion assay showed that suppression of CCT3
expression could reduce cell invasion. The number of
cells in the CCT3-siRNA group that invaded the lower
compartment of the migration chamber was less than
that in the NC group (P < 0.01) (Figure 2E).

Clinical and demographic data

In 20 paired fresh frozen HCC tissue samples, increased
mRNA and protein levels of CCT3 were observed in 16
tumor samples compared with adjacent non-cancerous
tissues, as shown by semi-quantitative western blotting
analyses (sum of ranks 314.4 vs 505.5, Mann-Whitney
U = 104.5, P = 0.01) (Figure 3A and B) and qPCR
analyses (sum of ranks 315 vs 505, Mann-Whitney
U = 105, P = 0.01) (Figure 3C). We performed
immunohistochemical staining in 104 primary HCC
patients who had undergone hepatectomy. The
characteristics of the selected patients are shown
in Table 1. The patients’ ages ranged from 35 to 84
years, with a mean age of 58.7 years. Eighty-three
patients were male and 21 were female. Eighty-one
patients (81.7%) had hepatitis B virus surface antigen,
six patients (5.8%) had hepatitis C virus antibodies
(none of these patients were positive for both types
of hepatitis) and 13 patients (12.5%) had neither
hepatitis C virus antibodies nor hepatitis B virus
surface antigen.

RESULTS
CCT3 expression level in cell lines and liver tissues

Western blotting analyses and qPCR confirmed that
the mRNA and protein transcription levels of CCT3 in
HCC cell lines were increased compared with those in
the non-cancer liver homogenate (HNCL) (Figure 1A
and B).

Downregulation of CCT3 in vitro

To determine the function of CCT3 in HCC progression,
SMMC-7721 and HepG2 cells were transfected with
siRNA oligonucleotides, and found that CCT3 protein
and mRNA expressions were downregulated (P < 0.01),
which was verified by western blotting (Figure 1C and
E) and qPCR (Figure 1D and F).

Association between clinicopathological parameters
and CCT3 expression in HCC patients

Immunohistochemistry analysis revealed that the
CCT3 protein accumulated in the cytoplasm and nuclei
of cancerous cells in HCC specimens. In non-cancerous
liver cells, CCT3 accumulated mainly in the cytoplasm
(Figure 3D). Overexpression of CCT3 was commonly
found in the nuclei of tumor cells in moderately
and poorly-differentiated HCC specimens. However,

Role of CCT3 in HCC cell proliferation and cycle
progression

We calculated the proliferation rates of the negative
control (NC) and siRNA-CCT3 groups in SMMC-7721

WJG|www.wjgnet.com
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Figure 1 Expression of subunit 3 in tissues and cell lines. A: Expression of the subunit 3 (CCT3) protein in human non-cancerous liver tissues (HNCL) obtained
from patients with hepatic hemangioma and in hepatocellular carcinoma (HCC) cells by western blotting; B: Expression of CCT3 mRNA in HNCL and HCC cells;
C-F: Effect of knocking down the expression of CCT3 by siRNA in the HCC cell lines SMMC-7721 and HepG2, as shown by western blotting and qPCR (bP < 0.01 vs
negative control). NC: Negative control.

reduced overexpression of CCT3 was present in welldifferentiated HCC and non-cancerous liver cells. We
analyzed the associations between CCT3 expression
and clinicopathological parameters. Seventy-five
samples were found to have high expression of CCT3
in the cytoplasm of cancerous cells (immunostaining
levels of “++” and “+++”) (Table 2), and 58
samples had high expression of CCT3 in the nuclei of
cancerous cells. We observed relationships between
the clinicopathological characteristics of HCC patients
and CCT3 expression in the cytoplasm and nuclei
of cancerous cells, respectively. No association was
observed between CCT3 expression in the cytoplasm
and other clinicopathological parameters.
However, CCT3 expression in the nuclei was associated
with histological type (P < 0.001) and microvascular
invasion (P = 0.040). To confirm that the accu
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mulation of CCT3 in the nuclei was associated with
the differentiation level of HCC shown by immuno
histochemistry-paraffin (IHC-P), we extracted nuclear
protein from fresh frozen cancerous tissue taken from
three patients with poorly-differentiated HCC, three
patients with moderately-differentiated HCC and
two patients with well-differentiated HCC and noncancerous liver tissues from patients with hepatic
hemangioma, and analyzed the level of CCT3 protein
in the nuclei by western blotting. CCT3 expression in
poorly-differentiated and moderately-differentiated
cancerous tissues was higher than that in welldifferentiated and non-cancerous liver tissues (Figure
3E).
To determine whether CCT3 could be a prognostic
biomarker in HCC patients, we used Kaplan-Meier
survival analysis to compare the associations between
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Figure 2 Knockdown of subunit 3 expression suppressed proliferation, apoptosis and invasion in hepatocellular carcinoma cell lines. A: Knockdown of
subunit 3 (CCT3) gene expression suppressed proliferation in hepatocellular carcinoma (HCC) cells, as assessed by the cellomics assay [aP < 0.05, bP < 0.01 vs
negative control (NC)]; B: Proliferation was inhibited in the CCT3-siRNA group, as assessed by the MTT assay, absorbance was recorded at 490 nm (bP < 0.01 vs
negative control); C: Suppression of CCT3 expression changed the G1, S, or G2/M level in HCC cells, as assessed by flow cytometry ( aP < 0.05, bP < 0.01 vs negative
control); D: Inhibiting CCT3 expression in HCC cells induced more apoptosis compared with the negative control ( bP < 0.01 vs negative control); E: Invasion was
markedly reduced in the CCT3-siRNA group (bP < 0.01 vs negative control).

clinicopathological characteristics and the 3-year
survival rate. The level of CCT3 expression in the nuclei
correlated with the 3-year survival rate (P = 0.015)
combined with postoperative TACE (P < 0.001), type of
surgical intervention (P < 0.001), tumor encapsulation
(P < 0.001), preoperative serum AFP (P = 0.013),
tumor size (P = 0.005), microvascular invasion (P =
0.011), macrovascular invasion (P = 0.008) and TNM
stage (P < 0.001). Patients with low CCT3 expression
in the nuclei of cancerous cells had a better overall
survival (OS) rate than patients with high expression (P
= 0.014, Figure 3F). However, the level of CCT3 in the
cytoplasm was not associated with these parameters.
In the Cox proportional hazards regression model, high
expression of CCT3 in the nuclei (HR = 2.387, 95%Cl:
1.144-4.981; P = 0.020) and no postoperative TACE
(HR = 5.218, 95%Cl: 2.452-11.106; P < 0.001) were
independent risk predictors for prognosis (Table 3).

staining in the nuclei was reduced compared with the
NC group (Figure 4A and B). To study the underlying
mechanisms, we examined the effects of suppressing
CCT3 expression on the level of STAT3 and (p)STAT3,
[15]
which has been reported to bind with CCT3 .
These experiments were conducted in HepG2 cells
[31]
in which STAT3 had been constitutively activated .
In the nuclei, we observed that STAT3 and (p)STAT3
expression was downregulated in the CCT3-siRNA
group (Figure 4C). To determine if suppression of CCT3
could inhibit the activation of IL-6/STAT3 signaling, we
added IL-6 to the CCT3-siRNA group and NC group
of HepG2 cells. The amount of (p)STAT3 and STAT3
protein in the nuclei decreased in the CCT3-siRNA
group compared with the NC group (Figure 4D).

DISCUSSION
CCT/TRiC is an important chaperonin identified in
[32]
eukaryotic cells . Significant upregulation was
observed in certain periods of the cell cycle, between
[33]
the G1/S phase transition to the early S phase .
CCT/TRiC plays a critical role in cell proliferation via

CCT3 affected activation of STAT3

In immunocytochemistry sections, we also observed
that CCT3 expression was mainly accumulated in the
nuclei of NC cells. In the CCT3-siRNA group, CCT3
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Figure 3 Subunit 3 expression in hepatocellular carcinoma specimens and its association with 3-year survival rate. A-C: Expression of subunit 3
(CCT3) protein in hepatocellular carcinoma (HCC) tissues was higher than that in adjacent non-cancerous tissue, as shown by western blotting and qPCR (aP
< 0.05 vs control); D: Expression of CCT3 in various differentiated HCC specimens and non-cancerous liver tissues from patients with hepatic hemangioma by
immunohistochemistry (Original magnification × 200). a: Non-cancerous liver tissue from hepatic hemangioma patients (CCT3 positive expression in the cytoplasm
and negative in the nuclei); b: Highly-differentiated HCC (negative in both the cytoplasm and nuclei); c: Moderately-differentiated HCC (positive in the cytoplasm and
negative in nuclei); d: Poorly-differentiated HCC (negative in the cytoplasm and positive in nuclei); e: Poorly-differentiated HCC (positive in the cytoplasm and nuclei);
E: Survival curves according to CCT3 expression. Patients with low expression of CCT3 in the nuclei of cancerous cells had higher cumulative survival rates than
patients with high expression; F: Expression of CCT3 in the nuclei of well-, moderately-, and poorly-differentiated HCC specimens, and in non-cancerous liver tissues.

its effects on the folding or refolding of a variety of
proteins such as: cytoskeletal proteins, which are
involved in cell growth and division, for example: the
actin and tubulin families; oncoproteins, such as p53,
p65, cyclin E, cyclin B and VHL tumor suppressor
[32,34]
protein
.
CCT3 provides a binding site for proteins, such
as tubulin and STAT3, in the folding and refolding
process, which is mediated by the CCT/TRiC subunit
[15,35]
complex
. These processes help newly translated
proteins reach and maintain their native or biological
state. Upregulated expression of CCT3 was observed
[36]
in the log phase in eukaryotic cells . To evaluate the
biological functions of CCT3 in HCC, we suppressed the
expression of CCT3 in vitro. The proliferation capability
of cells in the CCT3-siRNA group was significantly
inhibited, while apoptosis was promoted compared
with the NC group. Knocking down CCT3 expression
resulted in cell cycle arrest at the S phase, which
seemed to prevent further downregulation of CCT3,
as the expression of the CCT/TRiC subunit complex
[34]
was at a low level during the G2/M phase . The
effects of reducing CCT3 expression on cell biological
behavior were similar to knockdown of CCT1, 5 and
[16,23,25]
8
. This might reflect the fact that TRiC/CCT
complexes would be degraded if CCT subunits are not
[37]
combined with them . In addition, we observed that
CCT3 contributed to the invasion capacity of cells. This

WJG|www.wjgnet.com

showed that CCT3 expression may be associated with
metastasis in HCC.
Previous studies demonstrated that CCT3 was
significantly elevated in many malignancies. To assess
whether CCT3 could be used as a biomarker for HCC,
we analyzed tumors and corresponding non-cancerous
tissues from 20 HCC patients using qPCR and western
blotting. Most tumor tissues showed upregulated
expression of CCT3 compared with adjacent noncancerous tissue.
To further examine the possible use of CCT3 in
clinical studies, CCT3 expression was analyzed by IHC in
archived formalin-fixed paraffin-embedded specimens.
CCT3 staining was mainly present in the cytoplasm of
normal liver cells, adjacent non-cancerous cells and
cancerous cells. An interesting finding in the present
study was that CCT3 staining was also present in
the nuclei of some cancerous cells, especially in the
poorly-differentiated and moderately-differentiated
HCC specimens. This was also shown by western
blotting in some fresh frozen specimens. Few studies
have reported this. We decided to divide patients into
the cytoplasm staining group and the nuclei staining
group, according to the various subcellular locations
of CCT3 staining in cancerous cells, and to determine
their associations with clinicopathological variables.
In the cytoplasm staining group, differences in clinical
parameters were not obvious between the positive
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cancerous cells was associated with tumor proliferation
and metastasis. To determine the prognostic value of
CCT3 in HCC patients after hepatectomy, Kaplan-Meier
survival analysis was performed in these groups. There
was no significant difference in the 3-year survival
rate between the groups with high CCT3 expression
and low expression in the cytoplasm, while patients
with high CCT3 expression in the nuclei of cancerous
cells had lower OS rates compared with patients with
low CCT3 expression in the nuclei. In Cox proportional
hazards regression, CCT3 expression in the nuclei,
together with no post-operative TACE, and high TNM
stage were independent risk factors in predicting poor
prognosis of HCC patients. These findings indicated
that CCT3 overexpression in the nuclei could be an
oncogenic factor for HCC tumorigenesis.
CCT3 is mainly accumulated in the cytoplasm of
cells. The reasons why CCT3 is translocated into nuclei,
resulting in different prognoses, are unknown. As a
critical component of CCT/TRiC, more CCT3 enters into
the nuclei of cells, which may mean more CCT/TRiC is
needed for biological processes in the nuclei. CCT/TRiC
may participate in the following biological processes in
the nuclei: (1) CCT/TRiC could interact with complexes
involved in chromatin remodeling; (2) CCT/TRiC
is able to interact with core nuclear pore complex
(NPC) subunits and some proteins related to nuclear
[38]
transport ; and (3) CCT/TRiC is capable of taking
part in RNA processing/RNA splicing, which contributes
[39]
to growth regulation . However, these mechanisms
require further clarification.
Recently, it was reported that STAT3 is involved
with CCT3. CCT3 can enter into the nuclei with
[15]
(p)STAT3 . STAT3 is the key transcription factor in
the IL-6/STAT3 signaling pathway. Its activated form,
(p)STAT3 (phosphorylation of STAT3 at Tyr705),
enters the nuclei of cancerous cells and is a common
[40]
phenomenon in HCC . Continuous activation of
STAT3 is positively correlated with proliferation and
[41-43]
invasion in various tumor cells
and predicts poor
[26,27,43]
prognosis in malignancies
. Whether CCT3 is a
target for inhibition of STAT3 activation has not been
extensively studied. To determine these effects, the
expression of total STAT3 and (p)STAT3 in the nuclei
was evaluated in the CCT3-siRNA group and NC group.
The expressions of (p)STAT3 and STAT3 were reduced
in the nuclei of the CCT3-siRNA group; however, the
total decrease in STAT3 and (p)STAT3 expression was
not significant. To further assess whether suppressing
CCT3 expression inhibits activation of the IL-6/STAT3
pathway, various doses of IL-6 were added to the
cell groups. (p)STAT3 and STAT3 in the nuclei were
markedly reduced in the CCT3-siRNA group when
stimulated with IL-6. CCT3 may play a key role in
the translocation of (p)STAT3 and STAT3 from the
cytoplasm into the nuclei. Knockdown of CCT3 may
negatively regulate activation of the IL6/STAT3
signaling pathway. This could provide an explanation
as to why overexpression of CCT3 in the nuclei of

Table 1 Clinicopathological features of 104 patients with
hepatocellular carcinoma
Characteristics
Gender (female/male)
Age, mean (yr)
Hepatitis type
HBV
HCV
None
pT category (UICC)
pT1
pT2
pT3a
pT3b
PT4
pN category
pN0
pN1
pM category
pM0
pM1
UICC stage

n (%)
21 (20.2)/83 (79.8)
58.7 (range 35-84, SD 11.2)
85 (81.7)
6 (5.8)
13 (12.5)
78 (75)
14 (13.5)
8 (7.7)
4 (3.8)
0 (0.0)
104 (100.0)
0 (0.0)
104 (100.0)
0 (0.0)
64 (61.5)
12 (11.5)
13 (12.5)
7 (6.7)
8 (7.7)
0 (0.0)

Ⅰ
Ⅱ
ⅢA
ⅢB
ⅢC
Ⅳ

Histological type
Well-differentiated
Moderately-differentiated
Poorly-differentiated
Macrovascular invasion
None
Present
Microvascular invasion
None
Present
Tumor size (cm)
≥5
<5
Serum AFP level (ng/mL)
< 400
≥ 400
Liver encapsulation invasion
None
Present
Tumor number
Solitary
Multiple
Surgical intervention
Radical resection
Palliative resection
Post-operative TACE
No
Yes
Child-Pugh classification
A
B
C

26 (25.0)
60 (57.7)
18 (17.3)
99 (95.2)
5 (4.8)
78 (75.0)
26 (25.0)
58 (55.8)
46 (44.2)
79 (76.0)
25 (24.0)
93 (89.4)
11 (10.6)
83 (79.8)
21 (20.2)
85 (81.7)
19 (18.3)
22 (21.2)
82 (78.8)
92 (88.5)
12 (11.5)
0 (0.0)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; TACE: Transcatheter
arterial chemoembolization.

CCT3 staining group and the negative group. In the
nuclei staining group, CCT3 expression was associated
with microvascular invasion and histological type. This
indicated that CCT3 expression in the nuclei of HCC
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Table 2 Associations between subunit 3 expression in different subcellular localizations in cancerous cells and clinicopathological
variables of patients with hepatocellular carcinoma n (%)
n

Feature
Gender (F/M)
Female
Male
Age (yr)
< 60
≥ 60
Hepatitis type
HBV
HCV
None
Cirrhosis
Present
None
UICC stage
Ⅰ
Ⅱ
ⅢA

Histological type
Well-differentiated
Moderately-differentiated
Poorly-differentiated
Macrovascular invasion
None
Present
Microvascular invasion
None
Present
Tumor size (cm)
≥5
<5
Serum AFP level (ng/mL)
< 400
≥ 400
Tumor number
Solitary
Multiple
Liver encapsulation invasion
None
Present

CCT3 expression in cytoplasm
(+)

(-)

21
83

14 (18.7)
61 (81.3)

7 (24.1)
22 (75.9)

56
48

39 (52.0)
36 (48.0)

17 (58.6)
12 (41.4)

85
6
13

59 (78.7)
4 (5.3)
12 (16.0)

78
26

P value

CCT3 expression in nucleus

P value

(+)

(-)

0.533

11 (19.0)
47 (81.0)

10 (21.7)
36 (78.3)

0.726

0.544

31 (53.4)
27 (46.6)

25 (54.3)
21 (45.7)

0.927

26 (89.7)
2 (6.9)
1 (7.7)

0.190

49 (84.5)
2 (3.4)
7 (12.1)

36 (78.3)
4 (8.7)
6 (13.0)

0.581

54 (72.0)
21 (28.0)

24 (82.8)
5 (17.2)

0.2561

43 (74.1)
5 (25.9)

35 (76.1)
11 (23.9)

0.820

64
12
28

46 (61.3)
11 (14.7)
18 (24.0)

18 (62.1)
1 (3.4)
10 (34.5)

31 (53.4)
10 (17.2)
17 (29.3)

33 (71.7)
2 (4.3)
11 (23.9)

26
60
18

16 (21.3)
45 (60.0)
14 (18.7)

10 (34.5)
15 (51.7)
4 (13.8)

0.371

5 (8.6)
36 (62.1)
17 (29.3)

21 (45.7)
24 (52.2)
1 (2.2)

< 0.001

99
5

71 (94.7)
4 (5.3)

28 (96.6)
1 (3.4)

1.000

54 (93.1)
4 (6.9)

45 (97.8)
1 (2.2)

0.380

78
26

55 (73.3)
20 (26.7)

23 (79.3)
6 (20.7)

0.528

39 (67.2)
19 (32.8)

39 (84.8)
7 (15.2)

0.040

46
58

35 (46.7)
40 (53.3)

11 (37.9)
18 (62.1)

0.421

28 (48.1)
30 (51.9)

18 (62.9)
28 (37.1)

0.351

79
25

56 (74.7)
19 (25.3)

23 (79.3)
6 (20.7)

0. 619

43 (74.1)
15 (25.9)

36 (78.3)
10 (21.7)

0.625

83
21

62 (82.7)
13 (17.3)

21 (72.4)
8 (27.6)

0.243

46 (79.3)
12 (20.7)

37 (80.4)
9 (19.6)

0.887

93
11

66 (88.0)
9 (12.0)

27 (93.1)
2 (6.9)

0.687

52 (89.7)
6 (10.3)

41 (89.1)
5 (10.9)

1.000

0.208

0.068

HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Table 3 Prognostic factors for the 3-year survival rate by univariate and Cox proportional multivariate analysis
Factor

Univariate analysis
3-year survival rate(%)

Gender
Age (yr)
Hepatitis type
Cirrhosis

Macrovascular invasion
Microvascular invasion
Tumor size (cm)
Serum AFP level (ng/mL)
Liver
Encapsulation invasion
Tumor number
Surgical intervention

P value

HR (95%CI)

P value

0.254 (0.097-0.660)
1.238 (0.465-3.295)

0.005
0.670

0.008
0.011
0.005
0.013
< 0.001

1.623 (0.203-13.002)
0.834 (0.358-1.939)
1.488 (0.680-3.255)
1.181 (0.494-2.2820)
2.282 (0.340-15.307)

0.648
0.673
0.319
0.708
0.395

0.125
< 0.001

0.811 (0.138-4.754)

0.817

Female/male
< 60/≥ 60
HBV/HCV/none
Present/none

70.7/71.2
69.5/72.6
73.0/83.3/52.7
74.8/59.9

0.921
0.518
0.265
0.051

Ⅰ/Ⅱ/Ⅲ

83.6/48.6/52.7

< 0.001

Well/moderately/poorly
differentiated
Present/none
Present/none
≥ 5/< 5
≥ 400/< 400
Present/none

83.2/67.1/66.2

0.059

60.0/71.8
47.6/78.9
58.6/80.2
59.5/77.6
18.2/76.5

Solitary/multiple
Radical resection/palliative
resection

74.4/57.1
78.0/39.5

TNM stage
Histological type

Multivariate analysis
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Postoperative TACE
CCT3 expression in cytoplasm
CCT3 expression in nucleus
Child-Pugh classification

Yes/no
Positive/negative
Positive/negative
A/B

77.0/48.5
66.8/82.2
55.5/84.2
71.7/66.7

< 0.001
0.185
0.015
0.496

0.192 (2.157-9.159)

<0.001

2.387 (1.144-4.981)

0.020

TACE: Transcatheter arterial chemoembolization.
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Figure 4 Expression of subunit 3 in HepG2 cells had an impact on the IL6/STAT3 signal pathway. A, B: Staining of subunit 3 (CCT3) in nuclei of the CCT3siRNA group was reduced compared with the negative control (NC) group, as shown by immunocytochemistry (ICC, original magnification × 200) and western
blotting; C: Knockdown of CCT3 expression reduced the level of total STAT3 in HepG2 cells and (p)STAT3 in the nucleus; D: Stimulation with IL-6 which could
decreased the level of STAT3 and (p)STAT3 proteins in the nuclei of cells in the CCT3-siRNA compared with the NC group.
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cancerous cells is associated with progression of HCC.
In summary, CCT3 expression in the nuclei may
have significant value as an indicator of poor prognosis
in HCC patients after hepatectomy. CCT3 may affect
the progression of HCC partly by having an impact on
the transport of (p)STAT3/STAT3 into the nuclei of HCC
cells. These findings might provide a novel insight to
target activated STAT3 in the treatment of HCC.
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Background

As the most common primary liver cancer, hepatocellular carcinoma (HCC) is
the third most common cause of cancer death worldwide. The natural course of
HCC seems to be invasive and unpredictable, and the prognosis of HCC has
been assessed using different clinical classification criteria. Biomarker detection
may provide important clinical evidence to predict prognosis and to design
individual treatment following surgical intervention.

10

Research frontiers

11

Chaperonin Containing TCP1, Subunit 3 (CCT3) is a critical subunit of the
Chaperonin containing TCP-1 (CCT/TRiC), which is essential for the folding
of certain proteins into their native structure for biological function. CCT3 is
associated with various proteins involved in growth, proliferation, apoptosis in
normal cells and tumorigenesis. CCT3 was previously found to be upregulated
in some types of malignancies, including HCC; however, its function in the
progression of HCC and predicting the prognosis of patients after hepatectomy
have not been reported extensively.
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13

Innovations and breakthroughs

In this study, the authors attempted to assess the association between
the expression of CCT3 and prognosis of HCC patients after hepatectomy
and determine the mechanism in vitro. Overexpression of CCT3 in specific
subcellular locations in cancerous cells was identified as a biomarker for poor
prognosis in these patients. The mechanism may be partly attributed to its
effect on the activation of IL-6/STAT3.
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15

Applications

This study provides evidence that CCT3 may serve as a promising biomarker to
evaluate the prognosis in HCC patients after hepatectomy. CCT3 may be used
for targeted therapy of HCC following surgical intervention.
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Peer-review

17

The authors assessed the value of CCT3 in different subcellular locations in
cancerous cells for predicting prognosis of HCC patients and explored the
mechanisms of its function in HCC progression. The study is well designed;
great work has been done on a challenging research subject. The results are
interesting and suggest that CCT3 could be a target for HCC treatment and to
evaluate prognosis of HCC patients.
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Abstract

patients. The effect of PNPLA3 genotypes on hepatitis
B virus load was also evaluated. Four linked singlenucleotide polymorphisms of PNPLA3 (rs738409
G allele, rs3747206 T allele, rs4823173 A allele,
and rs2072906 G allele) conferred susceptibility
to nonalcoholic fatty liver disease, nonalcoholic
steatohepatitis, and liver fibrosis in chronic hepatitis
B patients. Patients carrying these single-nucleotide
polymorphisms showed a significantly lower serum
level of hepatitis B virus DNA.

AIM: To investigate the association of PNPLA3
polymorphisms with concurrent chronic hepatitis B
(CHB) and nonalcoholic fatty liver disease (NAFLD).
METHODS: A cohort of Han patients with biopsyproven CHB, with or without NAFLD (CHB group,
n = 51; CHB + NAFLD group, n = 57), and normal
controls (normal group, n = 47) were recruited from
Northern (Tianjin), Central (Shanghai), and Southern
(Zhangzhou) China. Their PNPLA3 polymorphisms
were genotyped by gene sequencing. The association
between PNPLA3 polymorphisms and susceptibility
to NAFLD, and clinical characteristics of NAFLD were
evaluated on the basis of physical indices, liver function
tests, glycolipid metabolism, and histopathologic
scoring. The association of PNPLA3 polymorphisms and
hepatitis B virus (HBV) load was determined by the
serum level of HBV DNA.

Pan Q, Zhang RN, Wang YQ, Zheng RD, Mi YQ, Liu WB, Shen
F, Chen GY, Lu JF, Zhu CY, Zhang SY, Chen YM, Sun WL, Fan
JG. Linked PNPLA3 polymorphisms confer susceptibility to
nonalcoholic steatohepatitis and decreased viral load in chronic
hepatitis B. World J Gastroenterol 2015; 21(28): 8605-8614
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i28/8605.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i28.8605

RESULTS: After adjusting for age, sex, and body
mass index, we found that four linked single nucleotide
polymorphisms (SNPs) of PNPLA3 , including the
rs738409 G allele (CHB + NAFLD group vs CHB group:
odds ratio [OR] = 2.77, 95% confidence interval
[CI]: 1.18-6.54; P = 0.02), rs3747206 T allele (CHB
+ NAFLD group vs CHB group: OR = 2.77, 95%CI:
1.18-6.54; P = 0.02), rs4823173 A allele (CHB +
NAFLD group vs CHB group: OR = 2.73, 95%CI:
1.16-6.44; P = 0.02), and rs2072906 G allele (CHB
+ NAFLD group vs CHB group: OR = 3.05, 95%CI:
1.28-7.26; P = 0.01), conferred high risk to NAFLD in
CHB patients. In patients with both CHB and NAFLD,
these genotypes of PNPLA3 polymorphisms were
associated with increased susceptibility to nonalcoholic
steatohepatitis (NASH) (NAFLD activity score ≥ 3; P =
0.01-0.03) and liver fibrosis (> 1 Metavir grading; P =
0.01-0.04). As compared to those with C/C and C/G at
rs738409, C/C and C/T at rs3747206, G/G and G/A at
rs4823173, and A/A and A/G at rs2072906, patients in
the CHB + NAFLD group with G/G at rs738409, T/T at
rs3747206, A/A at rs4823173, and G/G at rs2072906
showed significantly lower serum levels of HBV DNA (P
< 0.01-0.05).

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is an acquired,
metabolic, stress-induced liver disease associated
[1]
with insulin resistance and genetic susceptibility . A
“two-hit hypothesis” has been proposed to describe
the pathologic progression of NAFLD, in which a highfat diet causes hepatic fat accumulation as the first
hit, and oxidative stress, mitochondrial dysfunction,
cytokines, adipokines, bacterial endotoxins, and
[2]
endoplasmic reticulum stress cause the second hit .
The clinical spectrum of NAFLD ranges from simple
steatosis to nonalcoholic steatohepatitis (NASH), but
can progress to liver cirrhosis and finally hepatocellular
[3]
carcinoma .
Adiponutrin, encoded by PNPLA3 on chromosome
22q13, has both triacylglycerol hydrolase and
acylglycerol transacetylase activity in hepatocytes.
A single-nucleotide polymorphism (SNP) in PNPLA3
(rs738409 C>G), which results in an adiponutrin
variant with I148M (isoleucine-to-methionine
substitution at residue 148), has been identified as a
predisposing factor for liver steatosis. The adiponutrin
variant is linked to reduced triglyceride hydrolysis
[4,5]
in hepatocytes . Moreover, the PNPLA3 rs738409
[6]
G allele is closely associated with NASH , hepatic
[4,7]
[8]
fibrosis/cirrhosis
and hepatocellular carcinoma ,
[9]
regardless of the degree of obesity . Except for
rs738409, PNPLA3 rs2281135 was recently reported
to be in tight linkage disequilibrium (LD) in four human
ethnic groups (African, Caucasian, East Asian, and
[10]
Mexican Americans) with NAFLD . PNPLA3 rs139051
TT is also associated with increased risk of NAFLD in
[11]
the Chinese Han population . Similar results were
reported in a previous study, which showed that
PNPLA3 rs2294918 was associated with NASH in

CONCLUSION: Four linked SNPs of PNPLA3 (rs738409,
rs3747206, rs4823173, and rs2072906) are correlated
with susceptibility to NAFLD, NASH, liver fibrosis, and
HBV dynamics in CHB patients.
Key words: Chronic hepatitis B; Hepatitis B virus;
Nonalcoholic fatty liver disease; PNPLA3 ; Singlenucleotide polymorphism
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The association of PNPLA3 polymorphisms
with concurrent chronic hepatitis B and nonalcoholic
fatty liver disease was determined in Chinese Han
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[12]

European and American populations . Some other
PNPLA3 polymorphisms, including rs2281135 and
rs6006460, influence serum alanine aminotransferase
[12]
[13]
activity
and hepatic fat content , respectively.
Polymorphism of PNPLA3, therefore, seems to serve as
the genetic basis for histologic progression of NAFLD.
With the increasing prevalence of obesity and
metabolic syndrome, NAFLD has now become a
commonly occurring liver disease and a public health
[3]
burden in most areas of China . In Western countries,
high-fat diet-induced NAFLD occurs in the absence
of hepatitis-virus-induced liver disease. However, the
high prevalence of hepatitis B virus (HBV) infection
in the Chinese population causes concurrent NAFLD
[14,15]
and chronic hepatitis B (CHB) in China
. Of the
studies published to date, hepatic steatosis occurs at
rates of 60% (213 cases), 51.2% (86 cases), 13.5%
(91 cases), and 14% (1915 cases) in patients from
[16]
[17]
[18]
Greece , South Korea , Hong Kong (China) , and
[19]
Hang Zhou (China) , respectively.
Recent experimental evidence indicates that
PNPLA3 polymorphisms may play a role in the
concurrent development of NAFLD and chronic
viral hepatitis. In patients infected with genotype
2 hepatitis C virus (HCV), the PNPLA3 I148M
variant correlates with significantly increased insulin
resistance. In PNPLA3 I148M carriers, the viral load
is significantly lower at baseline and after 3-7 d of
[20]
antiviral treatment . However, the role of the PNPLA3
polymorphism in patients with NAFLD and CHB has not
yet been established.
Therefore, we characterized SNPs of PNPLA3 in
Han patients with biopsy-proven CHB with or without
NAFLD from Northern (Tianjin), Central (Shanghai),
and Southern (Zhangzhou) China. The association of
PNPLA3 polymorphisms with clinical, laboratory, and
pathologic characteristics of NAFLD was evaluated. The
correlation between PNPLA3 polymorphism and HBV
dynamics was also assessed.

all participants. Clinical investigations were conducted
in accordance with the principles of the Helsinki
Declaration.

Biochemical and anthropometric analysis

Anthropometric parameters of height, weight, and
body mass index (BMI) were characterized for
the study population. A fasting blood sample was
collected from each patient and control subject.
The serum was separated and stored at -20  ℃ until
required for further analysis. Biochemical tests were
performed for measuring the enzyme activities of
alanine aminotransferase, alkaline phosphatase, and
γ-glutamyltransferase, as well as the level of total
bilirubin by standard enzyme methodology using a
multichannel automatic analyzer (Advia 1650; Bayer,
Moss, Norway). Fasting blood glucose, total cholesterol,
triglyceride, high-density lipoprotein, and low-density
lipoprotein concentrations were analyzed using
Wako Bioproducts (Wako Pure Chemical Industries,
Richmond, VA, United States). The HBV-DNA titer was
quantified by real-time PCR (Daangene, Guangzhou,
China) on a Light Cycler (Roche Diagnostics GmbH,
Mannheim, Germany).

Hepatic histopathologic assessment

Liver sections of CHB patients with and without
NAFLD were obtained by needle biopsy after obtaining
informed consent. Liver samples were fixed in 10%
buffered formalin, embedded in paraffin, and sliced
for further evaluation. Hematoxylin-eosin and Masson’
s trichrome staining was successively performed.
Histologic changes were graded and staged according
to the Kleiner classification, and the NAFLD activity
score (NAS) was calculated using the grade of
steatosis, lobular inflammation, and hepatocyte
[21]
ballooning . NASH was defined by NAS ≥ 5,
including a ballooning degeneration score of ≥ 1.

Genotyping of SNPs

All blood samples were centrifuged at 1500 rpm for 10
min immediately after sample collection. The buffy-coat
layer obtained from each blood sample was separated
and transferred into 1.5-mL centrifuge tubes. Genomic
DNA was extracted from the concentrated lymphocytes
of the buffy coat using QiAamp DNA Mini Kit (Qiagen,
Benlo, Limburg, Netherlands). The custom Ion
AmpliSeq panel (Life Technologies of Thermo Fisher
Scientific, Waltham, MA, United States) of PNPLA3 was
designed, with the overall coverage rate of 89.91%.
The emulation PCR of the template was performed
using the Ion OneTouch 2 System (Life Technologies)
according to the manufacturer’s instructions. PNPLA3
variants were genotyped by DNA sequencing using
the Ion 318 Chip (Life Technologies) following the Ion
PGM 200 Sequencing kit protocol. In addition, the LD
of PNPLA3 SNPs was investigated by LD and haplotype
block analysis using Haploview software (Broad
Institute of MIT and Harvard, United States).

MATERIALS AND METHODS
Study populations

Forty-seven normal controls (normal group), 57
patients with biopsy-proven CHB and NAFLD (CHB
+ NAFLD group), and 51 patients with only biopsyproven CHB (CHB group) were recruited between
January 2012 and June 2013. Subjects were enrolled
from Tianjin Hospital of Infectious Diseases (Northern
China, n = 54), Xinhua Hospital (Shanghai, Central
China, n = 72), and Zhengxing Hospital (Zhangzhou,
Southern China, n = 29). Subjects with the following
were excluded: high alcohol intake (> 20 g/d for
men and > 10 g/d for women), HCV infection,
autoimmune hepatitis, Wilson’s disease, hereditary
hemochromatosis, and current or previous treatment
that is known to cause steatosis. The study was
reviewed and approved by the Ethics Committee of
Xinhua Hospital. Informed consent was obtained from
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Table 1 Demographic and clinical data of all patients
Variable
Age (yr)
Sex, n (%)
BMI (kg/m2)
TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
FBG (mmol/L)
ALT (U/L)
TBIL (µmol/L)
GGT (U/L)
ALP (U/L)

Normal group (n = 47)

CHB group (n = 51)

CHB + NAFLD group (n = 57)

P value

46.74 ± 6.97
M: 29 (61.70)
F: 18 (38.30)
23.43 ± 2.59
4.40 ± 1.22
0.98 ± 0.31
1.51 ± 1.22
2.03 ± 0.85
3.39 ± 1.30
13. 72 ± 4.16
2.25 ± 0.51
16.42 ± 7.31
16.08 ± 5.48

36.76 ± 12.60
M: 34 (66.67)
F: 17 (33.33)
22.84 ± 2.97
4.39 ± 0.96
1.12 ± 0.38
1.50 ± 0.44
2.22 ± 0.56
4.11 ± 0.63
76.14 ± 53.70
23.78 ± 21.44
94.33 ± 94.13
95.23 ± 40.35

38.98 ± 13.55
M: 42 (73.68)
F: 15 (26.32)
27.40 ± 3.24
4.89 ± 0.84
1.84 ± 1.35
1.20 ± 0.28
2.94 ± 1.02
5.71 ± 1.92
68.51 ± 47.20
5.80 ± 3.55
60.18 ± 36.81
101.16 ± 88.46

< 0.001
0.420
< 0.001
0.023
< 0.001
0.142
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

CHB: Chronic hepatitis B; NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass index; TC: Total cholesterol; TG: Triglyceride; HDL: High-density
lipoprotein; LDL: Low-density lipoprotein; FBG: Fasting blood glucose; ALT: Alanine aminotransferase; TBIL: Total bilirubin; GGT: γ-glutamyltransferase;
ALP: Alkaline phosphatase.

Statistical analysis

rs4823173, and G allele at rs2072906 were associated
with NAFLD in CHB patients when compared with CHB
only patients (Table 2). Furthermore, a significant
association was found between NAFLD and PNPLA3
SNPs rs738409, rs3747206, rs4823173, and
rs2072906 after adjusting for sex and age, or sex,
age, and BMI (all P < 0.05).
Surprisingly, haplotype block LD mapping showed
that SNPs of rs738409, rs3747206, rs4823173, and
rs2072906 were in tight LD in an 8-kb sequence (Figure
1). In contrast, the percentage of G allele at rs738409,
T allele at rs3747206, A allele at rs4823173, and G
allele at rs2072906 was similar between the normal
and CHB groups, regardless of age, sex and BMI
adjustment.

The data are expressed as the mean ± SD. Odds ratios
(ORs) adjusted for age, sex, and BMI were calculated
using multivariant logistic regression with genotypes,
2
age, sex, and BMI as the independent variables. The χ
test was used to assess whether the genotypes were
in Hardy-Weinberg equilibrium and to test differences
in genotype distribution. Prior to analyzing the data,
all the variables were tested for normality, with nonnormally distributed variables log-transformed to be
better approximated by normality. Differences among
the groups of genotypes were tested by analysis of
variance using SPSS version 16.0 (SPSS Inc., Chicago,
IL, United States). Differences were considered
statistically significant at P < 0.05. The statistical
methods of this study were reviewed by Guang-Yu
Chen from Clinical Epidemiology Center, Shanghai
Jiaotong University.

Quantitative phenotypes with PNPLA3 polymorphisms

The normal, CHB, and CHB + NAFLD groups were
stratified by PNPLA3 genotypes and subjected to
demographic and clinical comparisons. In the normal
group, subjects bearing G/G allele at rs738409, T/T
allele at rs3747206, A/A allele at rs4823173, and
G/G allele at rs2072906 demonstrated low-density
lipoprotein (P = 0.01-0.06) and fasting blood glucose (P
= 0.01-0.02) levels higher than those with C/C or C/G
alleles at rs738409, C/C or C/T alleles at rs3747206,
G/G or G/A alleles at rs4823173, and A/A or A/G
alleles at rs2072906 (Table S1). These subjects were
characterized by an increasing trend in total cholesteral
levels and decreasing trend in high-density lipoprotein
levels (Table S1).
Despite the lack of statistical significance, CHB
patients with or without NAFLD carrying the G allele at
rs738409, T allele at rs3747206, A allele at rs4823173,
and G allele at rs2072906 also exhibited higher levels
of triglycerides, low-density lipoprotein, and fasting
blood glucose than those with the C allele at rs738409,
C allele at rs3747206, G allele at rs4823173, and A
allele at rs2072906 (Table S1). Thus, rs738409 (G
allele), rs3747206 (T allele), rs4823173 (A allele),

RESULTS
Demographic and clinical data

Patients with both NAFLD and CHB demonstrated a
signficantly higher BMI than that of the normal group
and CHB patients (P < 0.001, Table 1). Patents in the
CHB + NAFLD had higher total cholesterol, trigcyleride,
low-density lipoprotein and fasting blood glucose
than the CHB group (all P < 0.05), and a trend for
decreased high-density lipoprotein, indicated impaired
glycolipid metabolism in CHB + NAFLD patients
independent of CHB (Table 1). The coexistence of
CHB, which reflects chronic hepatic inflammation, may
provide an explanation for the insignificant difference
in alanine aminotransferase activity between the CHB
+ NAFLD and the CHB groups.

Association of PNPLA3 polymorphisms and NAFLD in
CHB patients

After genotyping for PNPLA3 polymorphisms, the G
allele at rs738409, T allele at rs3747206, A allele at
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Table 2 Association tests of PNPLA3 single nucleotide polymorphisms
Groups

SNPs

Group (%)
Normal

CHB+NAFLD
vs CHB

738409
3747206
4823173
2072906

CHB+NAFLD
vs normal

738409
3747206
4823173
2072906

CHB vs
normal

738409
3747206
4823173
2072906

C: 63.83
G: 36.17
C: 63.83
G: 36.17
C: 63.83
G: 36.17
C: 63.83
G: 36.17
C: 63.83
G: 36.17
C: 63.83
G: 36.17
C: 63.83
G: 36.17
C: 63.83
G: 36.17

CHB +
NAFLD

Unadjusted

C: 57.84
G: 42.16
C: 57.84
T: 42.16
G: 58.82
A: 41.18
A: 58.82
G: 41.18

C: 44.74
G: 55.26
C: 44.74
T: 55.26
G: 45.61
A: 54.39
C: 44.74
G: 55.26
C: 44.74
G: 55.26
C: 44.74
T: 55.26
G: 45.61
A: 54.39
C: 44.74
G: 55.26

1.695
(0.989-2.906)
1.695
(0.989-2.906)
1.703
(0.993-2.922)
1.765
(1.028-3.029)
2.180
(1.246-3.815)
2.180
(1.246-3.815)
2.104
(1.203-3.681)
2.180
(1.246-3.815)
1.286
( 0.723-2.287)
1.286
(0.723-2.287)
1.235
(0.694-2.199)
1.235
(0.694-2.199)

C: 57.84
G: 42.16
C: 57.84
T: 42.16
G: 58.82
A: 41.18
G: 58.82
A: 41.18

P value

OR (95%CI)

CHB

Adjusted for Adjusted for age, Unadjusted Adjusted for
age, sex
sex, and BMI
age and sex
2.334
(1.169-4.657)
2.334
(1.169-4.657)
2.134
(1.089-4.180)
2.314
(1.174-4.559)
2.529
(1.335-4.792)
2.529
(1.335-4.792)
2.536
(1.329-4.840)
2.684
(1.403-5.134)
1.356
(0.695-2.643)
1.356
(0.695-2.643)
1.439
(0.717-2.889)
1.439
(0.717-2.889)

2.774
(1.176-6.543)
2.774
(1.176-6.543)
2.734
(1.161-6.437)
3.045
(1.277-7.262)
3.018
(1.318-6.914)
3.018
(1.318-6.914)
3.212
(1.344-7.679)
3.499
(1.452-8.430)
1.315
(0.674-2.567)
1.315
(0.674-2.567)
1.325
(0.652-2.694)
1.325
(0.652-2.694)

Adjusted for age,
sex, and BMI

0.054

0.016

0.020

0.054

0.016

0.020

0.052

0.027

0.021

0.039

0.015

0.012

0.00

0.004

0.009

0.006

0.004

0.009

0.009

0.005

0.009

0.006

0.003

0.005

0.391

0.372

0.422

0.391

0.372

0.422

0.472

0.306

0.437

0.472

0.306

0.437

lobular inflammation, hepatocellular ballooning, and
liver fibrosis, were analyzed in the CHB + NAFLD
group. As compared to those with C/C or C/G alleles
at rs738409, C/C or C/T alleles at rs3747206, G/G
or G/A alleles at rs4823173, and A/A or A/G alleles
at rs2072906, CHB patients harboring the G/G
allele at rs738409, T/T allele at rs3747206, A/A
allele at rs4823173, and G/G allele at rs2072906
showed increased risk of hepatocellular ballooning
(ballooning > 1; P = 0.01-0.03) and NASH (NAS ≥
3; P = 0.01-0.03), but not with histologic features of
steatosis and inflammation (Table 3). Another striking
observation was the significant association between
rs738409, rs3747206, rs4823173 and rs2072906 of
PNPLA3 and fibrogenesis. CHB + NAFLD patients with
the G/G allele at rs738409, T/T allele at rs3747206,
A/A allele at rs4823173, and G/G allele at rs2072906
were more susceptible to liver fibrosis (> 1 Metavir
grading; P = 0.01-0.04) than those with heterozygote
or homozygote C alleles at rs738409, C alleles at
rs3747206, G alleles at rs4823173, and A alleles at
rs2072906 (Table 3).

rs2072906

rs4823173

rs3747206

rs738409

BMI: Body mass index; CHB: Chronic hepatitis B; CI: Confidence interval; NAFLD: Nonalcoholic fatty liver disease; OR: Odds ratio; SNPs: single nucleotide
polymorphisms.

Block 1 (8 kb)

1

2

3

4

96
97

96
96

Figure 1 Block for liver disease of PNPLA3 single-nucleotide
polymorphisms.

Effect of PNPLA3 polymorphisms on HBV dynamics

and rs2072906 (G allele) may be involved in glycolipid
metabolism.

As defined by the serum level of HBV DNA, patients in
the CHB + NAFLD and CHB groups showed active viral
replication. However, there was a decreasing trend in
HBV-DNA levels in the CHB + NAFLD patients (Figure
2A). In the CHB + NAFLD group, patients bearing
the G/G allele at rs7384096, T/T allele at rs3747206,

Correlation between PNPLA3 polymorphisms and
pathologic characteristics

Association of PNPLA3 SNPs with the histologic
features of NAFLD, including hepatocyte steatosis,
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Table 3 Association tests of PNPLA3 single nucleotide polymorphisms with histological features in chronic hepatitis B +
nonalcoholic fatty liver disease patients
PNPLA3 genotype

Condition

Steatosis

Lobular inflammation

Ballooning

P value

CC (n = 12)

CG (n = 27)

GG (n = 18)

rs738409: CC
M: ≤ 1: 5 (41.67%);

rs738409: CG
M: ≤ 1: 11 (40.74%);

rs738409: GG
M: ≤ 1: 4 (22.22%);

rs738409: 0.384;
rs3747206: 0.384;

F: > 1: 7 (58.33%)
rs3747206: CC
M: ≤ 1: 5 (41.67%);
F: > 1: 7 (58.33%)
rs4823173: GG
M: ≤ 1: 5 (38.46%);
F: > 1: 8 (61.54%)
rs2072906: AA
M: ≤ 1: 5 (38.46%);
F: >1: 8 (61.54%)
rs738409: CC
M: ≤ 1: 5 (41.67%);
F: > 1: 7 (58.33%)
rs3747206: CC
M: ≤ 1: 5 (41.67%);
F: > 1: 7 (58.33%)
rs4823173: GG
M: ≤ 1: 6 (46.15%);
F: > 1: 7 (53.85%)
rs2072906: AA
M: ≤ 1: 6 (46.15%);
F: > 1: 7 (53.85%)
rs738409: CC
M: ≤ 1: 6 (50.0%);

F: > 1: 16 (59.26%)
rs3747206: CT
M: ≤ 1: 11 (40.74%);
F: > 1: 16 (59.26%)
rs4823173: GA
M: ≤ 1: 11 (42.31%);
F: > 1: 15 (57.69%)
rs2072906: AG
M: ≤ 1: 11 (44.00%);
F: > 1: 14 (56.00%)
rs738409: CG
M: ≤ 1: 10 (37.04%);
F: > 1: 17 (62.96%)
rs3747206: CT
M: ≤ 1: 10 (37.04%);
F: > 1: 17 (62.96%)
rs4823173: GA
M: ≤ 1: 9 (34.62%);
F: > 1: 17 (65.38%)
rs2072906: AG
M: ≤ 1: 9 (36.00%);
F: > 1: 16 (64.00%)
rs738409: CG
M: ≤ 1: 9 (33.33%);

F: > 1: 14 (77.73%)
rs3747206: TT
M: ≤ 1: 4 (22.22%);
F: > 1: 14 (77.73%)
rs4823173: AA
M: ≤ 1: 4 (22.22%);
F: > 1: 14 (77.73%)
rs2072906: GG
M: ≤ 1: 4 (21.05%);
F: > 1: 15 (78.95%)
rs738409: GG
M: ≤ 1: 5 (27.78%);
F: > 1: 13 (72.22%)
rs3747206: TT
M: ≤ 1: 5 (27.78%);
F: > 1: 13 (72.22%)
rs4823173: AA
M: ≤ 1: 5 (27.78%);
F: > 1: 13 (72.22%)
rs2072906: GG
M: ≤ 1: 5 (26.32%);
F: > 1: 14 (73.68%)
rs738409: GG
M: ≤ 1: 1 (5.56%);

rs4823173: 0.374;
rs2072906: 0.275

rs738409: 0.021
(CC vs GG: P = 0.005; CG vs

F: > 1: 6 (50.0%)
rs3747206: CC

F: > 1: 18 (66.67%)
rs3747206: CT

F: > 1: 17 (94.44%)
rs3747206: TT

GG: P = 0.028);
rs3747206: 0.021
(CC vs TT: P = 0.005; CT vs

M: ≤ 1: 6 (50.00%);
F: > 1: 6 (50.00%)

M: ≤ 1: 9 (33.33%);
F: > 1: 18 (66.67%)

M: ≤ 1: 1 (5.56%);
F: > 1: 17 (94.44%)

TT: P = 0.028);
rs4823173: 0.012
(GG vs AA: P = 0.002; GA vs

rs4823173: GG
M: ≤ 1: 7 (53.85%);

rs4823173: GA
M: ≤ 1: 8 (30.77%);

rs4823173: AA
M: ≤ 1: 1 (5.56%);

AA: P = 0.041);
rs2072906: 0.009
(AA vs GG: P = 0.002; AG vs

F: > 1: 6 (46.15%)
rs2072906: AA
M: ≤ 1: 7 (53.85%);
F: > 1: 6 (46.15%)
rs738409: CC
M: < 3: 10 (83.33%);

F: > 1: 18 (69.23%)
rs2072906: AG
M: ≤ 1: 8 (32.0%);
F: > 1: 17 (68.0%)
rs738409: CG
M: < 3: 11 (40.74%);

F: > 1: 17 (94.44%)
rs2072906: GG
M: ≤ 1: 1 (5.26%);
F: > 1: 18 (94.74%)
rs738409: GG
M: < 3: 8 (44.44%);

rs738409: 0.039
(CC vs CG: P = 0.014; CC vs

F: ≥ 3: 2 (16.67%)
rs3747206: CC

F: ≥ 3: 16 (59.26%)
rs3747206: CT

F: ≥ 3: 10 (55.56%)
rs3747206: TT

GG: P = 0.033);
rs3747206: 0.039
(CC vs CG: P = 0.014; CC vs

M: < 3: 10 (83.33%);
F: ≥ 3: 2 (16.67%)

M: < 3: 11 (40.74%);
F: ≥ 3: 16 (59.26%)

M: < 3: 8 (44.44%);
F: ≥ 3: 10 (55.56%)

GG: P = 0.033);
rs4823173: 0.020
(GG vs GA: P = 0.006; GG vs

rs4823173: GG
M: < 3: 11 (84.62%);

rs4823173: GA
M: < 3: 10 (38.46%);

rs4823173: AA
M: < 3: 8 (44.44%);

AA: P = 0.023);
rs2072906: 0.021
(AA vs AG: P = 0.009; AA vs

F: ≥ 3: 2 (15.38%)
rs2072906: AA
M: < 3: 11 (84.62%);
F: ≥ 3: 2 (15.38%)
rs738409: CC
M: ≤ 1: 11 (91.67%);
F: > 1: 1 (8.33%)
rs3747206: CC
M: ≤ 1: 11 (91.67%);
F: > 1: 1 (8.33%)

F: ≥ 3: 16 (61.54%)
rs2072906: AG
M: < 3: 10 (40.0%);
F: ≥ 3: 15 (60.0%)
rs738409: CG
M: ≤ 1: 17 (62.96%);
F: > 1: 10 (37.04%)
rs3747206: CT
M: ≤ 1: 17 (62.96%);
F: > 1: 10 (37.04%)

F: ≥ 3: 10 (55.56%)
rs2072906: GG
M: < 3: 8 (42.11%);
F: ≥3: 11 (57.89%)
rs738409: GG
M: ≤ 1: 8 (44.44%);
F: > 1: 10 (55.56%)
rs3747206: TT
M: ≤ 1: 8 (44.44%);
F: > 1: 10 (55.56%)

rs4823173: GG
M: ≤ 1: 12 (92.31%);
F: > 1: 1 (7.69%)
rs2072906: AA
M: ≤ 1: 12 (92.31%);
F: > 1: 1 (7.69%)

rs4823173: GA
M: ≤ 1: 16 (61.54%);
F: > 1: 10 (38.46%)
rs2072906: AG
M: ≤ 1: 16 (64.0%);
F: > 1: 9 (36.0%)

rs4823173: AA
M: ≤ 1: 8 (44.44%);
F: > 1: 10 (55.56%)
rs2072906: GG
M: ≤ 1: 8 (42.11%);
F: > 1: 11 (57.89%)

rs738409: 0.706;
rs3747206: 0.706;
rs4823173: 0.570;
rs2072906: 0.509

GG: P = 0.029)

NAS

GG: P = 0.016)

Fibrosis grading

rs738409: 0.032
(CC vs GG: P = 0.009);
rs3747206: 0.032
(CC vs TT: P= 0.009);
rs4823173: 0.024
(GG vs GA: P = 0.044; GG vs
AA: P = 0.006);
rs2072906: 0.015
(AA vs GG: P = 0.004)

NAS: Nonalcoholic fatty liver disease activity score.
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Figure 2 Association of PNPLA3 SNPs and serum HBV-DNA level. A: Comparison of serum HBV-DNA level between CHB + NAFLD and CHB patients; B:
Association of PNPLA3 SNPs and serum level of HBV-DNA in CHB + NAFLD patients. CHB: chronic hepatitis B; HBV: hepatitis B virus; NAFLD: nonalcoholic fatty
liver disease; SNP: Single-nucleotide polymorphism. aP < 0.05; bP < 0.01.

A/A allele at rs4823173, and G/G allele at rs2072906
were characterized by an HBV-DNA level lower than
the patients with C/C or C/G alleles at rs738409, C/C
or C/T alleles at rs3747206, G/G or G/A alleles at
rs4823173, and A/A or A/G alleles at rs2072906 (Figure
2B).

8-kb sequence of PNPLA3 and showed strong LD with
each other. When evaluated by NAS score (≥ 3),
CHB patients with the rs738409 G allele, rs3747206
T allele, rs4823173 A allele, and rs2072906 G allele
had greater susceptibility to suspected NASH or NASH
than those with the rs738409 C allele, rs3747206 C
allele, rs4823173 G allele, and rs2072906 A allele.
These findings demonstrate that the role of PNPLA3
polymorphisms in CHB patients is consistent with
[11,24,32,35]
that in general population
. Thus, in contrast
to the HCV-induced hepatocyte steatosis in chronic
hepatitis C patients, host metabolism, rather than viral
infection, is responsible for the development of fatty
liver disease, especially NASH, in CHB patients.
rs738409, rs3747206, rs4823173, and rs2072906
of PNPLA3 were not significantly associated with
histologic parameters of NAFLD (steatosis and lobular
inflammation), with the exception of ballooning.
With regard to hepatosteatosis, there are conflicting
reports concerning the correlation between hepatocyte
steatosis and PNPLA3 polymorphisms. The rs738409
G allele of PNPLA3 was previously associated with
steatosis grade in NAFLD patients in Italy and
[25,28]
Japan
, and with hepatic fat content in NAFLD
patients in different ethnic subgroups (Caucasians,
African Americans, and Hispanics) and different
ages (children, adolescents and adults) in the United
[26,27]
States
. However, the correlation between steatosis
and rs738409 was not confirmed in four other groups
of NAFLD patients from Malaysia, Northern Europe,
[20,29,31,34]
and Japan
. Ethnic subgroups of Chinese,
Indian, Malay, Japanese, Danish, Norwegian, Finnish,
and Swedish populations were included in these
studies. Similarly, PNPLA3 polymorphism does not
affect the lobular inflammation in Chinese, Indian,
[29]
and Malay individuals with NAFLD . On the basis of
the slightly higher prevalence of hepatic steatosis and
lobular inflammation, together with the prominent liver
ballooning in subjects with the G allele at rs738409, T
allele at rs3747206, A allele at rs4823173, and G allele

DISCUSSION
PNPLA3 is a hepatocyte-located adiponutrin, and has
recently been shown to influence genetic predisposition
[22-24]
to NAFLD
. A commonly prevalent PNPLA3 SNP, the
rs738409 G allele, contributes to the increased liver
[4-6,11,25]
fat content in various populations
, regardless
[5]
[26,27]
[6,28]
of sex , age
, or underlying diseases
.
Moreover, association studies have confirmed that
patients carrying the rs738409 SNP of PNPLA3 are
[7,25,29,30]
[25,31-33]
susceptible to NASH
and liver fibrosis
.
There are similar findings for multiple PNPLA3 SNPs,
including rs2281135, rs139051, rs2294918, and
[10-13]
rs6006460
. Therefore, polymorphism of PNPLA3
plays an important role in the development of a full
spectrum of NAFLDs, which includes simple steatosis,
steatohepatitis, and liver fibrosis. Mechanistically, the
effect of PNPLA3 polymorphism on NAFLD has been
attributed to abnormalities in plasma alanine and
[9,10,22,31]
aspartate transaminase and ferritin levels
,
and abdominal fat (waist circumference-to-height
[9]
ratio above 0.62) . However, the PNPLA3-mediated
liver enzyme change is independent of obesity,
[29]
insulin resistance, and metabolism syndrome . The
rs738409 G allele of PNPLA3 is even associated with
decreased triglyceride levels in NAFLD patients of
[34]
Malaysia .
In the present study, PNPLA3 polymorphisms
(rs738409, rs3747206, rs4823173, and rs2072906)
were strongly associated with susceptibility to NAFLD
in CHB patients from Northern, Central, and Southern
China. This effect was independent of age, sex and
BMI. Strikingly, these four SNPs were present in an

WJG|www.wjgnet.com

8611

July 28, 2015|Volume 21|Issue 28|

Pan Q et al . PNPLA3 polymorphisms and nonalcoholic steatohepatitis and HBV
at rs2072906, we speculate that the accumulated
effect of PNPLA3 polymorphisms on pathologic
characteristics may influence the occurrence of NAFLD
in CHB patients.
Another noticeable result lies in the effect of
PNPLA3 polymorphisms on liver fibrosis. Liver fibrosis
[7]
is one of the clinical outcomes of NAFLD , thus, most
patients from the CHB + NAFLD group showed liver
fibrosis, regardless of PNPLA3 genotype. Perisinusoidal
and portal fibrosis characterized their pathologic
disorders on the basis of hepatosteatosis, ballooning,
and lobular inflammation. Progressive liver fibrosis
(> 1 Metavir grading), however, prevailed in CHB
+ NAFLD patients carrying G/G allele at rs738409
(C/C vs G/G: P < 0.01), T/T allele at rs3747206 (C/
C vs T/T: P < 0.01), A/A allele at rs4823173 (G/G
vs A/A: P < 0.01; G/G vs G/A: P < 0.05), and G/G
allele at rs2072906 (A/A vs G/G: P < 0.05). These
results suggest that PNPLA3 polymorphism is a critical
factor in the progression of NAFLD-related fibrosis in
CHB patients, which is in accordance with previous
[29,31]
reports in general populations
. NASH is the key
step from simple steatosis to liver fibrosis. Therefore,
the association between PNPLA3 polymorphisms
and liver fibrosis may be attributed to severe NASH
correlating with rs738409, rs3747206, rs4823173, and
rs2072906.
In addition to the interaction between PNPLA3
polymorphisms and hepatic pathologic parameters,
four linked SNPs of PNPLA3 exhibited a striking
association with viral dynamics in our study. When
compared to that of CHB patients, the serum level of
HBV-DNA showed a decreasing trend in patients with
NAFLD and CHB. Furthermore, there was a significant
reduction of log10 HBV-DNA in CHB + NAFLD
patients with the G/G allele at rs738409, T/T allele at
rs3747206, A/A allele at rs4823173, and G/G allele at
rs2072906. PNPLA3 polymorphisms seem to serve as
the negative regulator of HBV replication.
NAFLD and CHB have been shown to share a
common mechanism, namely, abnormality in the
Toll-like receptor (TLR)-mediated innate immune
[35-38]
response
. Suppression of the innate immune
response in parenchymal and nonparenchymal
[35]
liver cells underlies chronic infection with HBV .
In contrast, TLR4, one of the members of pattern
recognition receptor family, is activated by lipo
polysaccharide in hepatocytes and Kupffer cells
[35-37]
during high-fat diet-induced NAFLD
. Activation
of TLR4 initiates the innate immune response via
MyD88-dependent and MyD88-independent signaling
pathways. In patients with both NAFLD and CHB,
inhibition of the TLR4-dependent innate immune
system could be reactivated. Upregulation of TLR4/
MyD88 signaling promotes the expression of various
inflammatory cytokines, including interleukin (IL)-1,
[39-42]
IL-6, IL-8, and tumor necrosis factor-α
. Replication
of HBV, evaluated by HBV covalently closed circular
DNA, is then repressed by tumor necrosis factor-α,
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IL-1β, and IL-6, partially via oxidative stress and
[39-43]
inhibition of regulatory T cells
. In agreement with
our findings, NAFLD-based downregulation of viral
replication has been confirmed in a clinical trial of
[20]
chronic hepatitis C patients
and a transgenic mouse
[44]
model of HBV .
In summary, linked SNPs of PNPLA3 (rs738409,
rs3747206, rs4823173, rs2072906) are correlated
with susceptibility to NAFLD, NASH, and liver fibrosis in
Chinese CHB patients. In addition to fatty liver disease,
these PNPLA3 polymorphisms may exert an inhibitory
effect on HBV-DNA level.

COMMENTS
COMMENTS
Background

With the increasing prevalence of obesity and metabolic syndrome, nonalcoholic
fatty liver disease (NAFLD) has become a commonly occurring liver disease
and a public health burden in most areas of China. The high prevalence of
hepatitis B virus (HBV) infection in the Chinese population causes concurrent
NAFLD and chronic hepatitis B (CHB). Previous studies have indicated that
PNPLA3 polymorphisms play an important role in the development of NAFLD.
However, the role of the PNPLA3 polymorphism in patients with both NAFLD
and CHB has not yet been established.

Research frontiers

PNPLA3 is a hepatocyte-located adiponutrin, and has recently been shown to
influence genetic predisposition to NAFLD. In patients with concurrent CHB
and NAFLD, the research hotspot lies in uncovering the association of PNPLA3
polymorphisms with clinical, laboratory, and pathologic characteristics of
NAFLD, and also with HBV dynamics.

Innovations and breakthroughs

To shed light on the effect of PNPLA3, a cohort of Han patients with biopsyproven CHB, with or without NAFLD, and normal controls were enrolled from
Northern (Tianjin), Central (Shanghai), and Southern (Zhangzhou) China. Their
PNPLA3 polymorphisms were genotyped by gene sequencing. The association
between PNPLA3 polymorphisms and susceptibility to NAFLD, and clinical
characteristics of NAFLD were assessed on the basis of physical indices, liver
function tests, glycolipid metabolism, and histopathologic scoring. Association
of PNPLA3 polymorphisms and HBV load was determined by serum level of
HBV-DNA. This study found that four linked single nucleotide polymorphisms
(SNPs) of PNPLA3 (rs738409 G allele, rs3747206 T allele, rs4823173 A allele,
and rs2072906 G allele) conferred susceptibility to NAFLD, nonalcoholic
steatohepatitis (NASH), and liver fibrosis in CHB patients. Patients carrying
these SNPs showed significantly lower serum levels of HBV-DNA.

Applications

The results suggest that four linked SNPs of PNPLA3 (rs738409, rs3747206,
rs4823173, and rs2072906) are correlated with susceptibility to NAFLD, NASH,
and liver fibrosis in CHB patients. These PNPLA3 polymorphisms may play a
regulatory role in HBV dynamics.

Terminology

PNPLA3 is a gene on chromosome 22q13, which encodes adiponutrin, a
protein with triacylglycerol hydrolase and acylglycerol transacetylase activity in
hepatocytes. SNPs in PNPLA3, such as rs738409 C>G, result in an adiponutrin
variant with I148M (isoleucine-to-methionine substitution at residue 148), which
has been identified as a predisposing factor for liver steatosis.

Peer-review

This is an interesting work on the effect of PNPLA3 polymorphisms and their
association with NAFLD/NASH and HBV viral load in patients with CHB. The
work is well designed, performed, and analyzed, and the findings are clear and
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well presented in the Results section and Figures.
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AIM: To investigate the roles of toll-like receptor 4
(TLR4) and nuclear factor (NF)-κB on cystathionine β
synthetase (CBS) expression and visceral hypersensitivity
in rats.

Data sharing statement: Technical appendix, statistical

METHODS: This study used 1-7-wk-old male Sprague-
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Dawley rats. Western blot analysis was employed
to measure the expression of TLR4, NF-κB and the
endogenous hydrogen sulfide-producing enzyme CBS
in colon dorsal root ganglia (DRG) from control and
“irritable bowel syndrome” rats induced by neonatal
colonic inflammation (NCI). Colon-specific DRG
neurons were labeled with Dil and acutely dissociated
to measure excitability with patch-clamp techniques.
Immunofluorescence was employed to determine the
co-expression of TLR4, NF-κB and CBS in DiI-labeled
DRG neurons.

suggest a novel mechanism and potential therapeutic
target for the treatment of chronic visceral pain in
patients with IBS.
Yuan B, Tang WH, Lu LJ, Zhou Y, Zhu HY, Zhou YL, Zhang
HH, Hu CY, Xu GY. TLR4 upregulates CBS expression through
NF-κB activation in a rat model of irritable bowel syndrome with
chronic visceral hypersensitivity. World J Gastroenterol 2015;
21(28): 8615-8628 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i28/8615.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8615

RESULTS: NCI significantly upregulated the expression
of TLR4 in colon-related DRGs (0.34 ± 0.12 vs 0.72 ±
0.02 for the control and NCI groups, respectively, P <
0.05). Intrathecal administration of the TLR4-selective
inhibitor CLI-095 significantly enhanced the colorectal
distention threshold of NCI rats. CLI-095 treatment
also markedly reversed the hyperexcitability of colonspecific DRG neurons and reduced the expression of
CBS (1.7 ± 0.1 vs 1.1 ± 0.04, P < 0.05) and of the
NF-κB subunit p65 (0.8 ± 0.1 vs 0.5 ± 0.1, P < 0.05).
Furthermore, the NF-κB-selective inhibitor pyrrolidine
dithiocarbamate (PDTC) significantly reduced the
upregulation of CBS (1.0 ± 0.1 vs 0.6 ± 0.1, P < 0.05)
and attenuated visceral hypersensitivity in the NCI rats.
In vitro , incubation of cultured DRG neurons with the
TLR4 agonist lipopolysaccharide significantly enhanced
the expression of p65 (control vs 8 h: 0.9 ± 0.1 vs
1.3 ± 0.1; control vs 12 h: 0.9 ± 0.1 vs 1.3 ± 0.1, P
< 0.05; control vs 24 h: 0.9 ± 0.1 vs 1.6 ± 0.1, P <
0.01) and CBS (control vs 12 h: 1.0 ± 0.1 vs 2.2 ±
0.4; control vs 24 h: 1.0 ± 0.1 vs 2.6 ± 0.1, P < 0.05),
whereas the inhibition of p65 via pre-incubation with
PDTC significantly reversed the upregulation of CBS
expression (1.2 ± 0.1 vs 0.6 ± 0.0, P < 0.01).

INTRODUCTION
Irritable bowel syndrome (IBS), a common functional
gastrointestinal disorder, is defined by recurrent
symptoms of abdominal pain or discomfort asso
[1,2]
ciated with alterations in bowel movements
.
The pathogenesis of pain in IBS patients is poorly
[3-5]
understood, and treatment remains difficult . Our
previous studies have shown that hydrogen sulfide
signaling and its endogenous synthesizing enzyme
cystathionine-β-synthetase (CBS) are involved in the
development and maintenance of chronic visceral
[6-8]
hypersensitivity (CVH) in rat models of IBS
. In
particular, we have provided evidence that demonstrates
[7,8]
that neonatal colonic inflammation
or neonatal
[6,7]
maternal deprivation
significantly upregulate CBS
expression in dorsal root ganglion (DRG) neurons
and that inhibition of CBS by O-(carboxymethyl)hydroxylamine hemihydrochloride (AOAA) or
aminooxyacetate attenuates CVH in the adult rats.
These data strongly suggest that CBS upregulation
plays an important role in the development of CVH.
However, the mechanism by which CBS expression is
upregulated remains largely unknown.
Toll-like receptors (TLRs) are pattern recognition
receptors that are key components of innate immu
[9-11]
nity
. TLR4 activation leads to a pro-inflammatory
[12]
cascade . The importance of TLR4 in pain has
been emphasized by recent evidence showing a role
of spinal TLR4 in the initiation of pathological pain
states, such as inflammatory and neuropathic pain, in
[13-16]
preclinical models
. Clinical studies have suggested
an involvement of peripheral TLR4 in patients suffering
[17,18]
from IBS
. However, there is no evidence that
indicates whether TLR4 activation contributes to the
upregulation of CBS expression. Furthermore, how
TLR4 activation enhances CBS expression remains
unknown.
As an extension of our previous work on the
peripheral sensitization of neonatal colonic inflammation
[7,8]
(NCI)-induced CVH , in this study, we investigated
the roles of TLR4 in CBS expression. We further
explored whether the TLR4-induced upregulation
of CBS expression was mediated by nuclear factor
(NF)-κB because NF-κB is considered an important

CONCLUSION: Our results suggest that the activation
of TLR4 by NCI upregulates CBS expression, which
is mediated by the NF-κB signaling pathway, thus
contributing to visceral hypersensitivity.
Key words: Irritable bowel syndrome; Dorsal root
ganglion; Visceral hypersensitivity; Hydrogen sulfide;
Toll-like receptors; Nuclear factor-kappa B
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigated the roles of toll-like
receptor 4 (TLR4) and its signaling pathway in the
pathogenesis of visceral hypersensitivity in a rat model
of irritable bowel syndrome (IBS). We demonstrated
that activation of TLR4 upregulates the expression
of the endogenous hydrogen sulfide-synthesizing
enzyme cystathionine β synthetase. This upregulation
was mediated by enhanced translocation of nuclear
factor-κB in dorsal root ganglion cells, through which
it contributed to the visceral hypersensitivity in IBSlike rats. Our results suggest TLR4 plays a major role in
the development of functional visceral pain and hence
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Figure 1 Effect of neonatal acetic acid treatment on colons of adult rats. Photomicrographs of hematoxylin and eosin-stained sections from colons of P10 normal
saline-treated (A) and P10 acetic acid-treated rats (B).

transcription factor in the processing of inflammation
[19-21]
and pain
. Through the combination of patch-clamp
techniques and Western blot analysis, we showed that
NCI significantly upregulated TLR4 and p65 expression
in colon DRGs and that inhibiting p65 signaling reversed
the upregulation of CBS expression and attenuated
visceral hypersensitivity. Our findings suggest that
targeting the TLR4 signaling pathway may represent
a potential strategy for the treatment of chronic
visceral hypersensitivity in patients with functional
gastrointestinal disorders such as IBS.

sites extended approximately 6 cm in an oral direction
from the level of the bladder. After the abdomen was
closed, the animals were returned to their housing and
given free access to drinking water and standard food
pellets.

Dissociation of DRG neurons and patch-clamp
recordings

Changes in neuronal excitability were determined
using whole-cell patch-clamp recording techniques
[23,24]
as described previously
. Ten days after the
Dil injection, the rats were sacrificed by cervical
dislocation, followed by decapitation. DRGs (T13-L2)
were bilaterally dissected out and transferred to an iceold, oxygenated fresh dissecting solution containing
(in mmol/L): 130 NaCl, 5 KCl, 2 KH2PO4, 1.5 CaCl2, 6
MgSO4, 10 glucose and 10 HEPES, pH 7.2; (osmolarity:
305 mOsm). The ganglia were transferred to 5 ml
of the dissecting solution containing collagenase D
(1.8-2.0 mg/ml; Roche, Indianapolis, IN, United
States) and trypsin (1.2-1.5 mg/ml; Sigma, St Louis,
MO, United States) and incubated for 1.5 h at 34.5 ℃.
DRGs were then transferred to 2 ml of the dissecting
solution containing DNase (0.5 mg/ml; Sigma). A
single-cell suspension was subsequently obtained
by repeated trituration through flame-polished glass
pipettes. Cells were plated onto acid-cleaned glass
coverslips. DiI-labeled neurons were identified by
their fluorescence under a fluorescence microscope
(Olympus IX71, Japan). For the patch-clamp
recordings, cells were continuously superfused (1.5
ml/min) at room temperature with normal external
solution containing (in mmol/L): 130 NaCl, 5 KCl, 2
KH2PO4, 2.5 CaCl2, 1 MgCl2, 10 HEPES, 10 glucose,
with pH adjusted to 7.2 with NaOH; 295-300 mOsm.
Patch-clamp pipettes had a resistance of 4-7 MΩ when
filled with the pipette solution containing (in mmol/L):
140 potassium gluconate, 10 NaCl, 10 HEPES, 10
glucose, 5 EGTA, and 1 CaCl2, pH = 7.25 adjusted with
KOH; 292 mOsm. The resting membrane potential
(RP) and action potentials (APs) were recorded under
current-clamp configuration using an EPC10 patch-

MATERIALS AND METHODS
Induction of chronic visceral hypersensitivity

Experiments were performed on male SpragueDawley rats. The care and handling of these animals
were approved by the Institutional Animal Care and
Use Committee of Soochow University and were in
accordance with the guidelines of the International
Association for the Study of Pain. Chronic visceral pain
[22,23]
was induced by NCI as described previously
. In
brief, 10-d-old pups received an infusion of 0.2 ml of
acetic acid solution (0.5% in normal saline) into the
colon, 2 cm from the anus. Control pups received an
equal volume of normal saline (NS). There were no
significant inflammatory responses in the colon of rats
at the age of 6-7 wk after colonic injection of acetic
acid (figure 1). Experiments were performed in these
rats at the age of 6-7 wk. A total of 179 rats were used
in this study: 54 in the control group and 125 in the
NCI group.

Cell labeling

DRG neurons innervating the colon were labeled
by the injection of 1,1’-dioleoyl-3,3,3’,3-tetramethy
lindocarbocyanine methanesulfonate (DiI; Invitrogen,
Carlsbad, CA, United States) into the colon wall as
[6,23]
described previously
. Briefly, 5-wk-old rats were
anesthetized with chloral hydrate (0.36 g/kg; ip).
After the colon was exposed, DiI (about 1 μl) was
injected at 10 sites in the exposed colon wall; these
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Bright field

B
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Figure 2 Bright-field of acutely dissociated dorsal root ganglion cells (A), and image of the same dorsal root ganglion cells (B) in (A) stained with β-tubulin
(red). Bar = 50 μm.

clamp amplifier (HEKA, Germany). Neurons with a
resting membrane potential more depolarized than -40
mV were excluded from the data analysis.

The suspension was centrifuged at 16000 rpm for 5
min at 4 ℃. The supernatant (nuclear fraction) was
transferred to a pre-chilled tube and stored at -80 ℃
until use. Protein concentration was determined using
the Bradford method (Beyotime).

Immunofluorescence study

Ten days after the DiI injection, the rats were deeply
anesthetized and perfused transcardially with 150
ml PBS (Thermo, United States), followed by 400
mL ice-cold 4% paraformaldehyde (Sinopharm
Chemical Reagent Co. Ltd., China) in PBS. T13, L1
and L2 DRGs were removed and postfixed for 1 h in
paraformaldehyde and then cryoprotected overnight
in 20% sucrose (Sinopharm Chemical Reagent Co.
Ltd.) in PBS. Ten micrometer (10 µm) sections were
simultaneously incubated with 2 of the following
antibodies: TLR4 (1:200; Santa Cruz), NF-κB (1:200;
Santa Cruz), or CBS (1:200; Abnova) and then
incubated with Alexa Fluor 355 and 488 (1:500, Life
Technologies Inc., Gaithersburg, MD, United States).
Negative control experiments were performed by
omitting the primary antibody. Sections were viewed
with filter cubes appropriate for DiI (rhodamine filter),
Alexa 488, and Alexa 355. Images were captured and
analyzed using Metaview software.

Culture of DRG neurons

Rats (7-10-d-old) were euthanized by cervical
dislocation, followed by decapitation. DRGs were
bilaterally dissected out and then transferred to DMEM
(Gibco, United States). DRGs were washed 3 times
with DMEM + 20% FBS (Gibco) and then washed
3 times with extracellular buffer. After DRGs were
digested with 1 mL collagenase D for 25 min and
with 1 ml trypsin for 15 min, the same volume of
fetal bovine serum was added to stop the digestion.
Single DRG cells were obtained. These cells were
mainly neuronal cells since they were stained with
βⅢ-tubulin antibodies (figure 2). These cells were
cultured in 6-well plates in neurobasal medium (Gibco)
containing penicillin (100 U/ml, Life Technologies
Inc.), streptomycin (100 U/ml, Life Technologies Inc.)
as well as N2 (100 ×, Life Technologies Inc.) and
B27 (50 ×, Life Technologies Inc.). Four hours later,
the supernatant was carefully discarded, and new
neurobasal medium was added. Cells were treated
with one of the following: (1) LPS for 8 h, 12 h, or
24 h at 37 ℃; (2) pre-incubation with the NF-κB
antagonist PDTC (25 μmol/L) for 1 h at 37 ℃ followed
by treatment with LPS for 12 h; or (3) pre-incubation
with the CBS antagonist AOAA (250 µmol/L) for 2 h at
37 ℃. Cells were collected and the proteins extracted.

Cell Fractionation

Nuclear proteins were extracted by NE-PER nuclear
and cytoplasmic extraction reagent (Thermo) according
to the manufacturer’s instructions. Briefly, immediately
before use, 1% (v/v) protease inhibitors (Roche) were
homogenized with 200 μl of the indicated cytoplasmic
extraction reagent using a glass grinder and vortexed
vigorously for 15 s, then incubated on ice for 10 min.
Next, 11 μl of the second regent was added to the
suspension for 1 min. The suspension was centrifuged
at 16000 rpm for 5 min at 4 ℃. The supernatant
(cytoplasmic fraction) was collected and stored at
-80 ℃. Sedimented nuclei were gently resuspended in
100 μl of ice-cold nuclear extraction regent and 1%
(v/v) protease inhibitors, incubated on ice, and then
vortexed for 15 s every 10 min for a total of 40 min.
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Western blot analysis

The expression of TLR4, TLR3, TLR7, NF-κB and CBS in
DRGs (T13-L2) from adult NCI and control rats (6-wkold) were determined using western blot analyses as
[24]
described previously . The primary antibodies used
are listed below: mouse anti-TLR4 (1:1000; Abcam,
United States), anti-NF-κB (1:200; Santa Cruz, United
States), anti-CBS (1:1000; Abnova, Taiwan, China)
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Figure 3 Neonatal colonic inflammation upregulates toll-like receptor 4 expression in dorsal root ganglia of rats with visceral hypersensitivity. Western
blotting analysis for TLR4 (A), TLR3 (B), TLR7 (C) and GAPDH (A, B, C) protein levels in T13-L2 DRGs from CON or NCI rats (n = 4 for each group); D: NCI
significantly reduced the distension threshold of rats at the age of 6 wk (n = 8 for each group); E: The TLR4 selective inhibitor CLI095 significantly increased the
distention threshold of NCI rats at doses of 50 and 150 μg/kg body weight. n = 8 for each group, Tukey’s post hoc test following one-way ANOVA, compared with NS;
F: The time course of the effects of CLI095 at a dose of 50 μg/kg body weight, Tukey’s post hoc test following one-way repeated ANOVA. CON: Control; TLR: Toll-like
receptor; NCI: Neonatal colonic inflammation.

and anti-β-actin (1:1000; Multisciences, China);
and rabbit anti-TLR3 (1:200; Santa Cruz), anti-TLR7
(1:200; Santa Cruz, United States), anti-GAPDH
(1:1000; Goodhere, China) and anti-H3 (1:1000,
ImmunoWay, United States).

one-way analysis of variance (ANOVA) or one-way
repeated ANOVA, as appropriate. A P value < 0.05 was
considered statistically significant.

Drug application

NCI upregulates TLR4 expression in DRGs

RESULTS
To determine whether NCI increased the expression of
TLR4 in colon-related DRGs, western blotting assays
were performed. The anti-TLR4 antibody labeled
a protein with a molecular mass of 96 kDa. The
expression level of TLR4 was significantly increased (P
< 0.05, two-sample t-test, Figure 3A). To investigate
whether NCI upregulated the expression of other TLRs,
we examined TLR3 and TLR7 protein levels in NCI rats
at the age of 6 wk. NCI did not alter TLR3 or TLR7
expression in the colon DRGs (Figure 3B and C).
We next determined whether TLR4 was involved in
CVH. CVH was determined by measuring the distention
threshold in response to colorectal distention at the
[8]
age of 6 wk. Consistent with our previous reports ,
the distention threshold was significantly lower in NCItreated rats than in age-matched control rats (P <
0.05, two-sample t-test, Figure 3D). More importantly,
the TLR4 inhibitor CLI095 significantly increased the
distention threshold in NCI rats in a dose-dependent
fashion. The optimized dose of CLI095 that produced
the maximal effect was 50 μg/kg body weight in this

CLI095, also known as TAK-242, a selective inhibitor
of TLR4, was purchased from InvivoGen and was
freshly prepared in DMSO (Sigma). At the age of 5
wk, CLI095 was administered intrathecally at 50 μg/kg
body weight, one time per day for 7 consecutive days.
PDTC, an antagonist of NF-κB, was purchased from
Sigma and was freshly prepared in 0.9% normal saline
(NS). At the age of 5 wk, PDTC was administered
intraperitoneally at 50 mg/kg body weight, once daily
for 7 consecutive days. Tissue from these animals
was used for patch-clamp recordings or for molecular
expression experiments. For the behavioral tests, a
single injection of different doses (15, 50 and 150 μg/
kg body weight, i.t.) of CLI095 was used in the present
study.

Data analysis

All data are expressed as the mean ± SE. Normality
of all data was checked before analysis. Statistical
significance was determined by the two-sample t-test,
Mann-Whitney U test, Tukey’s post hoc test following
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Inhibition of TLR4 reduces CBS expression

study (P < 0.05, Tukey’s post hoc test following oneway ANOVA, Figure 3E). We then determined the
time course of the effects of CLI095. The effect of
CLI095 at a dose of 50 μg/kg body weight lasted for
approximately 12 h. Maximal inhibition occurred at 30
min (P < 0.05, Tukey’s post hoc test following oneway repeat ANOVA, Figure 3F). These data indicate
that TLR4 is necessary for the NCI-induced visceral
hyperalgesia.

To determine the possible interaction between TLR4
and CBS, we first examined whether TLR4 was coexpressed in CBS-positive DRG neurons innervating
the colon. Triple-labeling techniques showed that all
colon-specific DRG neurons that were immunoreactive
for TLR4 were also positive for CBS (Figure 5A). We
then used the TLR4 inhibitor CLI095 at a dose of 50
μg/kg body weight in this study. CLI095 treatment
significantly reduced the expression of CBS in colon
DRGs isolated from NCI rats (P < 0.05, two-sample
t-test, Figure 5B).

Inhibition of TLR4 reduces the hyperexcitability of
colon-specific DRG neurons

Colon-specific DRG neurons were labeled by the
injection of the fluorescent dye Dil into the colon wall.
Small- and medium-sized DRG neurons (Figure 4A)
were used in this study because they are the primary
sensory neurons responsible for pain sensation. We
observed a significant hyperpolarization of the RP in
DRG neurons from CLI095-treated rats (NS: -43.2
± 0.59 mV, n = 18, CLI095: -46.7 ± 0.86 mV, n =
19, P < 0.01, two-sample t-test, Figure 4B). The AP
threshold was -35.1 ± 1.54 mV (n = 18) and -24.8 ±
1.9 mV (n = 19) for NS- and CLI095-treated NCI rats,
respectively. CLI095 treatment notably depolarized the
AP threshold (P < 0.01, two-sample t-test, Figure 4C).
Rheobase was 25.0 ± 4.9 pA (n = 18) and 91.1 ± 13.2
pA (n = 19) for colon-projecting DRG neurons isolated
from NS- and CLI095-treated rats, respectively. CLI095
treatment markedly increased rheobase (P < 0.01,
two-sample t-test, Figure 4D). The amplitude of the
overshoot was 40.7 ± 1.7 mV (n = 18) for NS-treated
rats and 45.9 ± 1.9 mV (n = 19) for CLI095-treated
rats. CLI095 treatment also significantly increased the
amplitude of the overshoot (P < 0.05, two-sample
t-test, Figure 4E). CLI095 treatment significantly
increased the response latency to stimulation with 300
and 500 pA current ramps (Figure 4F). The latency to
a 300 pA current ramp was 56.4 ± 5.1 ms (n = 19)
and 146.18 ± 18.9 ms (n = 18) for NS- and CLI095treated rats, respectively. The latency to a 500 pA
current ramp was 41.00 ± 3.2 ms (n = 18) and 92.9
± 12.2 ms (n = 17) for NS- and CLI095-treated rats,
respectively. CLI095 treatment greatly decreased the
number of APs evoked by 100, 300 and 500 pA current
ramps (Figure 4G and H). The number of APs evoked
by a 100 pA current ramp was 3.8 ± 0.4 (n = 18) and
1.4 ± 0.4 (n = 19) for NS- and CLI095-treated rats,
respectively. The number of APs evoked by a 300 pA
current ramp was 8.5 ± 0.4 (n = 18) and 4.7 ± 0.7 (n
= 19) for NS- and CLI095-treated rats, respectively.
The number of APs evoked by 500 pA current ramp
was 10.65 ± 0.5 (n = 18) and 7.9 ± 0.8 (n = 19) for
NS- and CLI095-treated rats, respectively (100 pA, P <
0.01, two-sample t-test; 300 pA, P < 0.01, two-sample
t-test; 500 pA, P < 0.05, two-sample t-test). CLI095
treatment significantly decreased the number of APs
evoked by current ramp stimulation.

WJG|www.wjgnet.com

NCI upregulates nuclear NF-κ B expression via TLR4
activation

p65 is a major component in the activation of the NFκB complex and is predominantly expressed in small[25]
and medium-sized DRG neurons . To verify the role
of p65 in TLR4’s involvement in visceral pain, we first
determined whether TLR4 was co-expressed in p65positive DRG neurons innervating the colon. Triplelabeling techniques showed that all colon-specific DRG
neurons that were immunoreactive for TLR4 were
also positive for p65. Similarly, all colon-specific DRG
neurons that were immunoreactive for p65 were also
positive for TLR4 (Figure 6A).
As shown in figure 6B, NCI dramatically increased
total p65 expression in T13-L2 DRGs at 6 wk (P < 0.05,
two-sample t-test, Figure 6B). Moreover, the relative
densitometry of the nuclear fraction of p65 was greater
in NCI rats than in controls (Figure 6C, P < 0.05, twosample t-test). NCI increased nuclear p65 expression
by 144%, indicating the translocation of p65 from the
cytosol into the nucleus after NCI. We then determined
whether the upregulation of p65 was mediated by
TLR4. The TLR4 inhibitor CLI095 was used in this
study as described above. CLI095 treatment markedly
reduced the expression of p65 (P < 0.05, two-sample
t-test, Figure 6D). In addition, nuclear p65 expression
was also measured. CLI095 treatment markedly
reduced the expression of nuclear p65 (P < 0.05, twosample t-test, Figure 6E). Thus, CLI095 treatment
reversed the upregulation of NF-κB expression in colon
DRGs isolated from NCI rats.

Inhibition of p65 reduces CBS expression and
attenuates visceral hypersensitivity

To determine the possible interaction between p65 and
CBS, we first examined whether p65 was co-expressed
in CBS-positive DRG neurons innervating the colon.
Triple-labeling techniques showed that all colonspecific DRG neurons that were immunoreactive for
p65 were also positive for CBS (Figure 7A). To further
confirm the function of p65 in NCI rats, we found that
PDTC treatment significantly reduced CBS expression
in NCI rats (P < 0.05, two-sample t-test, Figure 7B).
In contrast, PDTC treatment did not significantly alter
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Figure 5 Inhibition of toll-like receptor 4 suppresses cystathionine b synthetase expression in neonatal colonic inflammation rats. A: Immunofluorescence
analysis of TLR4 expression in CBS-positive, colon-specific DRG neurons; B: Western blotting analysis for CBS after CLI095 treatment in NCI rats. Normal saline was
used as a control. n = 6 for each group, aP < 0.05, vs NS. Bar = 50 μm. TLR4: Toll-like receptor 4; CBS: Cystathionine b synthetase.

TLR4 expression in NCI rats (P > 0.05, two-sample
t-test, Figure 7C). However, PDTC treatment markedly
increased the distention threshold (P < 0.05, twosample t-test, Figure 8A) and reduced the AWR scores
of NCI rats at 20, 40, 60 and 80 mmHg distention
pressures (P < 0.05, Mann-Whitney U test, Figure 8B).

not alter p65 or CBS expression at any of these time
points (data not shown). As shown in figure 9C, PDTC
pre-incubation (25 μmol/L) significantly downregulated
CBS expression (P < 0.01, two-sample t-test).
However, AOAA pre-incubation (250 μmol/L) did not
affect p65 expression (P > 0.05, two-sample t-test,
Figure 9D).

Inhibition of p65 reverses TLR4-induced upregulation of
CBS expression in cultured DRG neurons

DISCUSSION

LPS, a TLR4 agonist, was incubated with the cultured
DRG neurons for 8, 12 and 24 h. At 8, 12 and 24 h,
LPS treatment significantly increased p65 expression
(P < 0.05, P < 0.01, Tukey’s post hoc test following
one-way ANOVA, Figure 9A). Likewise, LPS treatment
markedly upregulated the expression of CBS (P <
0.05, Tukey’s post hoc test following one-way ANOVA,
Figure 9B). Moreover, we also cultured primary DRG
neurons treated with NS for 8, 12 and 24 h. NS did
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Our previous studies have shown that neonatal adverse
insults produce IBS-like visceral hypersensitivity by
the upregulation of CBS expression via mechanisms
[6-8]
that are not yet known . In the present study, we
provided evidence to support our hypothesis that
TLR4 and NF-κB signaling are involved in upregulated
CBS expression and visceral hypersensitivity in a
rat model of IBS. This conclusion was based on the
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following observations: First, the inhibition of TLR4 by
CLI095 or the inhibition of p65 by PDTC significantly
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attenuated the visceral hypersensitivity observed in
adult rats with NCI. Second, the inhibition of TLR4 by
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CLI095 reversed the hyperexcitability of DRG neurons
innervating the colon. The reduction in the excitability
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of colon-innervating DRG neurons may underlie
the reduced visceromotor responses to colorectal
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distention. Third, NCI significantly upregulated both
TLR4 and p65 expression in rat colon DRGs. Fourth,
the inhibition of TLR4 by CLI095 or the inhibition of
p65 by PDTC suppressed the expression of CBS in
NCI rats, indicating that TLR4 and NF-κB might be
upstream regulators of CBS expression. Finally, the
upregulation of CBS expression by TLR4 and p65
activation was confirmed by in vitro experiments
that showed that the inhibition of either TLR4 or p65
suppressed the expression of CBS induced by LPS
treatment. Collectively, these data suggest that TLR4
and NF-κB play an important role in the upregulation
of CBS expression and visceral hypersensitivity in adult
rats with neonatal colonic inflammation.
The findings of the present study are significant
because they provide evidence to support the idea
that TLR4 activation may play a vital role in functional
visceral pain such as IBS, which is pain occurring in the
absence of significant tissue damage or inflammation.
To test this hypothesis, we used a previously validated
visceral pain model of IBS. This model was induced
by mild colonic irritation with diluted acetic acid at a
neonatal age. This approach does not produce robust
inflammation or damage to the colon; instead, it
[8,23]
results in visceral hypersensitivity at adulthood
.
TLR4 activation has been reported to participate in
[26,27]
inflammatory and neuropathic pain states
. Here,
we showed that the administration of CLI095 produced
a significant analgesic effect in IBS-like rats. The doseresponse and time course curves of CLI095 suggest
that this antinociceptive effect is specific rather than
a toxic or non-specific effect because CLI095 did
not produce any effect on healthy control rats (data
not shown). In addition, CLI095 treatment reversed
the hyperexcitability demonstrated by a significant
hyperpolarization of the resting membrane potential
and action membrane threshold and by an increase in
rheobase, the overshoot of the spike, and the number
of APs evoked by the injection of different sizes of
current ramps. The finding that NCI significantly
enhanced TLR4 expression without altering the
expression of TLR3 and TLR7 in rat DRGs further
suggests a receptor-subtype specific upregulation of
the TLR family in functional visceral pain. Therefore,
our studies add TLR4 to the list of key nociceptive
molecules that are involved in functional visceral
[28,29]
hypersensitivity
and underscore the fact that such
visceral hypersensitivity is accompanied by persistent
[30-34]
plasticity of primary sensory neurons
. Future
investigation is needed to explore the mechanisms by
which neonatal acetic acid treatment increased TLR4
expression in DRGs.
The mechanisms by which TLR4 upregulates CBS
expression remain largely unknown. In the present
study, we provided evidence to demonstrate that
the activation of p65 bridges the gap between TLR4
activation and CBS expression. The activation of TLR4
by NCI increased the expression and translocation of
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p65 into the nucleus, whereas the inhibition of TLR4
by CLI095 blocked the upregulation and nucleus
translocation of p65 in the DRGs of adult rats with
NCI. Once activated, p65 upregulated CBS expression.
This finding is supported by the results that PDTC
blocked CBS expression in NCI rats. It was further
confirmed by an in vitro study that showed that PDTC
blocked the upregulation of CBS expression induced
by LPS treatment. These data indicate that p65 is an
upstream regulator of CBS upregulation in this setting.
Because PDTC reverses CBS expression but did not
reverse TLR4 expression in vivo, these data further
indicate that TLR4 is an upstream regulator of p65
upregulation. It is unlikely that CBS is an upstream
regulator of p65 upregulation because the inhibition
of CBS by AOAA did not alter the upregulation of p65
expression induced by LPS treatment in vitro. NFκB regulates gene expression during development
[21,35,36]
and inflammation
. It has been reported that
p65 is involved in inflammatory and neuropathic
[37,38]
pain
. Recently, we reported that p65 plays a
role in gastric hypersensitivity in rats with diabetic
[24]
gastroparesis . Although we cannot exclude a role
of other transcriptional factors such as extracellular
[39-41]
signal-regulated protein kinase
, the present study
adds NF-κB to the list of key nociceptive genes that are
[6]
involved in functional visceral hypersensitivity .
In conclusion, to the best of our knowledge, we
provide the first demonstration that NCI-induced
upregulation of CBS expression is mediated by TLR4
activation. This signaling pathway requires upregulation
of the NF-κB p65 subunit and its translocation in DRG
neurons innervating the colon, which contribute to
the development of chronic visceral pain. The present
results and future studies might identify a potential
therapeutic target for the treatment of functional
gastrointestinal disorders such as IBS.
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Abstract
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AIM: To investigate a newly designed stent and its
dilatation effect in a rabbit model of benign esophageal
stricture.
METHODS: Thirty-four New Zealand white rabbits
underwent a corrosive injury in the middle esophagus
for esophageal stricture formation. Thirty rabbits with
a successful formation of esophageal strictures were
randomly allocated into two groups. The control group
(n = 15) was implanted with a conventional stent,
and the study group (n = 15) was implanted with a
detachable “pieced” stent. The study stent (30 mm in
length, 10 mm in diameter) was composed of three
covered metallic pieces connected by surgical suture
lines. The stent was collapsed by pulling the suture lines
out of the mesh. Two weeks after stricture formation,
endoscopic placement of a conventional stent or the
new stent was performed. Endoscopic extraction was
carried out four weeks later. The extraction rate, ease
of extraction, migration, complications, and survival
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were evaluated.

an adequate diameter (≥ 14 mm) despite several
repeated sessions of dilatation. Esophageal dilation
with bougies or balloons has been the primary therapy
for the treatment of RBES; however, in RBES patients,
[3,4]
dilation may not be adequate . Although surgical
management including resection or gastric pull-up
and enteric replacement may potentially be curative,
these measures have higher morbidity rates and
[5,6]
are more invasive than endoscopic procedures .
Other alternative treatment modalities utilized for the
treatment of esophageal strictures include temporary
stent placement, glucocorticoid injection with dilation,
[7,8]
and self-dilation .
Ideally, the temporary placement of an esophageal
stent (Figure 1) should be easy to remove without
damaging tissue after it remolds the esophagus in
the strictured area through a long-term dilation effect
and maintain luminal patency while simultaneously
stretching the stenosis. Previous studies utilized selfexpandable metal stents (SEMS) with titaniumnickel or stainless steel structure and self-expandable
plastic stents (SEPS). Although the SEMS was initially
found to be successful in the treatment of malignant
strictures, problems occurred in the treatment of
RBES. These included tissue ingrowth, new stricture
formation due to granulation, necrosis, and ulceration
along the rigid mesh. Hence, the removal of the stent
[9-11]
often proved difficult and traumatic
. Although the
SEPS has a lower rate of tissue imbedding than SEMS,
it is associated with a higher migration rate compared
[12]
with metal stents , often requiring removal. Recent
studies have introduced a biodegradable (BD) stent
composed of polydioxanone that can be degraded by
[13,14]
hydrolysis of ester bonds
. BD stents are suitable
for those patients who do not want or cannot tolerate
the subsequent stent removal procedures. Currently,
there is no ideal stent for RBES; therefore, exploration
for the development of a better stent is worthwhile.
Thus far, none of the available stents can completely
change their radial force during removal procedure. We
recently designed a detachable “pieced” SEMS with no
radial force during retraction. The present study was
designed to evaluate the dilation effect and ease of
stent removal between our newly designed stent and a
conventional SEMS, as well as to investigate the safety
of the stent in a rabbit model of esophageal stricture.

RESULTS: Stent migration occurred in 3/15 (20%)
animals in the control group and 2/15 (13%) animals
in the study group; the difference between the two
groups was not statistically significant. At the end of
four weeks, the remaining stents were successfully
extracted with the endoscope in 100% (11/11) of
the animals in the study group, and 60% (6/10)
of the animals in the control group; this difference
was statistically significant (P < 0.05). There was
no difference in the mean number of follow-up days
between the control and study groups (25.33 vs
25.85). Minor bleeding was reported in five cases in the
study group and four in the control group. There were
no severe complications directly associated with stent
implantation or extraction in either of the two groups.
CONCLUSION: In this experimental protocol of
benign esophageal strictures, the novel “pieced” stent
demonstrated a superior removal rate with a similar
migration rate compared to a conventional stent.
Key words: Animal experimentation; Detachable “pieced”
stent; Endoscopic procedure; Esophageal stricture; Stent
removal
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: At present, esophageal stent retrieval may be
a difficult and traumatic procedure because of tissue
adhesion and the stent’s radial force. Currently, all
types of stents used in clinical practice retain some
of the radial force during the removal procedure. We
designed a novel type of stent that has a detachable
property and no radial force during removal procedure.
We investigated the efficacy and removal feasibility of
the stent in an animal model, and we anticipate that it
could be used in humans in the future.
Liu J, Shang L, Liu JY, Qin CY. Newly designed “pieced”
stent in a rabbit model of benign esophageal stricture. World J
Gastroenterol 2015; 21(28): 8629-8635 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i28/8629.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i28.8629

MATERIALS AND METHODS

INTRODUCTION

Detachable “pieced” stent

Benign esophageal strictures, due to esophageal acid
exposure, Schatzki’s rings, corrosive injury, esophageal
surgery, radiation injury, ablative therapies, and
[1,2]
achalasia, are a common clinical problem . Refra
ctory benign esophageal strictures (RBES) are a
subgroup of strictures (30%-40%) with more complex
characteristics (i.e., > 2 cm, tortuous, and associated
with a severely narrow diameter or presence of leaks
or fistulas). This type of stricture cannot maintain

WJG|www.wjgnet.com

The detachable “pieced” esophageal stent (invention
patent No. ZL201110323099.5; Shandong Provincial
Institute of Medical Instruments, Jinan, Shandong,
China) has the following characteristics: (1) the stent
is a fully covered SEMS; (2) three pieces of curved
nickel-titanium mesh are connected by silk braided
non-absorbable surgical suture lines; (3) there are
three slipknots of surgical suture lines on the proximal
end of the stent (similar to the string slipknots
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A

B

C
Figure 1 Example of a conventional stent. A conventional stent designed
for a rabbit’s esophagus (Shandong Provincial Institute of Medical Instruments,
Jinan, China). This type of stent can remold and maintain luminal patency
through a long-term dilation effect, but its radial force cannot be changed and
may impede stent removal.

commonly present on bags of flour); (4) all margins of
the pieces are round, dull-braided and with dull ends;
and (5) the stent is 10 mm in diameter and 30 mm in
length to fit the rabbit’s esophagus (Figure 2).

Animals

Thirty-four New Zealand white male rabbits (5-8-moold, 2.5 ± 0.5 kg) were obtained from the Shandong
Provincial Laboratory Animal Center, Jinan, Shandong,
China. The study was approved by the Ethics
Committee of Shandong Provincial Hospital Affiliated
to Shandong University. The animals were kept in
separate cages in a temperature-controlled (23  ℃ )
room with 50% humidity, under a 12/12 h light/dark
cycle, and provided ad libitum access to food and
water.

Figure 2 Newly designed detachable “pieced” stent. A and B: Schematic
drawings of the detachable “pieced” stent which contains three pieces of curved
nickel-titanium mesh connected with surgical suture lines; C: Actual detachable
“pieced” stent (10 mm diameter and 30 mm length) used for rabbit experiments.

Two weeks after inducing the corrosive injury,
endoscopic and fluoroscopic observations were
performed to confirm the condition of the site of injury.
The degree of the stricture was measured during
endoscopy and esophagography. For the procedure to
be considered successful, the diameter of stricture had
to be < 0.5 maximal diameter of the more proximal
normal esophagus.

Stricture model

After 24 h of fasting, each rabbit was weighed and
anesthetized with an intravenous injection of 3%
sodium pentobarbital (30 mg/kg). Rabbits were then
placed in the left lateral decubitus position with the head
[15,16]
elevated up to approximately 30°
. Esophageal
corrosive injury was induced at approximately 12.5 cm
inferior to the maxillary incisors by 1 mL of 4% sodium
hydroxide solution injected into a #10 Foley catheter
with obliteration of the front opening and creation of
an aperture above the balloon.

WJG|www.wjgnet.com

Stent placement

The stents were implanted into the animal’s esophagus
two weeks after corrosive injury. The animals with
successful stricture were randomly assigned to one
of two groups: a control stent group (n = 15) and a
study group (n = 15). The control group received the
implantation of conventional stents. The conventional
stents were of the same size as the detachable “pieced”
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Figure 3 Esophagographic examination of the stricture modeling.

Figure 4 Stent implantation in the esophagus under fluoroscopy.

stent, 10 mm in diameter and 30 mm in length.
These stents were fully covered nickel-titanium SEMS
without purse string and no flange. The conventional
stent was designed for the rabbit’s esophagus by the
Shandong Provincial Institute of Medical Instruments,
Jinan, Shandong, China. The study group received
the detachable “pieced” stent. A guide wire and an
ultra-slim upper endoscope (GIF-XP260N; Olympus
Optical Co. Ltd., Tokyo, Japan) with a 2.0 mm working
channel and a 5.0 mm tip diameter were used for the
implantation of the stents. After insertion of the stents,
the rabbits were weighed and received a fluoroscopic
and endoscopic performance at one-week intervals for
four weeks.

test was used to compare the stent migration rate and
extraction rate. P ≤ 0.05 was considered statistically
significant. The statistical methods in this study were
reviewed by Qing-Qing Zhang from the Shandong
Provincial Hospital Affiliated to Shandong University,
Shandong, China.

RESULTS
Baseline characteristics

Esophagography showed the enlarged upper part of the
esophagus, while the lower part narrowed preventing
the passage of the ultra-slim upper endoscope through
the stricture (Figure 3). The stricture model failed in
4/34 rabbits (success rate of 88%). In both groups, all
stents were successfully placed with stents expanding
in the esophagus and covering the stricture area
(Figure 4). Migration occurred in five animals: three
in the control group and two in the study group (20%
vs 13%). There were no severe complications directly
associated with the study stent implantation, such as
hemorrhage, perforation, aspiration, or fistula. Three
rabbits in the study group and four in the control group
had minor bleeding after stent placement. Two rabbits
died of malnutrition in the study group before the end
of the study (4 wk). In the control group, one animal
died of malnutrition, and one died of wound infection
(Table 1). All stents were patent at the end of the
follow-up period.

Stent extraction

Stent removal was carried out using an ultra-slim
upper endoscope and a biopsy forceps (FB-19K-1;
Olympus Optical Co. Ltd., Tokyo, Japan). Feasibility
of stent removal and the number of failed retrieval
cases were studied. The stent retrieval procedures
were as follows. For the control stents, the stents were
retrieved using a biopsy forceps with an ultra-slim
upper endoscope. For the study stents: (1) the residue
of the surgical suture line was grasped and pulled
upward with the biopsy forceps; (2) the slipknots of
the surgical suture lines were unfastened; (3) three
pieces of nickel-titanium mesh connected by the
surgical suture lines were subsequently detached; and
(4) each stent piece was pulled out of the esophagus
with biopsy forceps. All endoscopic procedures were
performed by a single skilled physician.
The extraction rate, ease of extraction, migration,
stent-related complications, and survival were
evaluated. An outcome was defined as safe if the stent
was either implanted or extracted safely with no or
minor bleeding. Stent-related complications that were
considered severe were hemorrhage, tissue tearing,
perforation, aspiration, fistula, and death.

Stent removal

In the control group, three stents migrated and two
animals died; therefore, 10 control rabbits were
available for analysis of the stent removal. In the
study group, two stents migrated and two animals
died with a total of 11 animals available for analysis.
Those 11 remaining stents in the study group were
all extracted successfully through the ultra-slim upper
endoscope (Figure 5). Although the suture lines broke
in two rabbits during the removal procedure, the
slipknots were unfastened when the operator clamped
the residual string and pulled upward. None of the
study group rabbits experienced severe bleeding or

Statistical analysis

Data were analyzed using the SPSS version 17.0 (SPSS,
Inc., Chicago, IL, United States). The Fisher’s exact
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A

Table 1 Comparison of basic rabbit conditions n (%)
Control
Test
P -value
(n = 15) (n = 15)

Condition
Implantation outcomes
Minor bleeding
Migration
Death
Number of rabbits available for retrieval
Number of removable stents
Stent-related complication during
removal
Minor bleeding
Hemorrhage
Tissue tearing
Death
Mean number of follow-up days

4
3 (20)
2
10
6

3
2 (13)
2
11
11

4
1
2
1
25.33

5
0
0
0
25.85

1.0
0.035

B
0.831

perforation. Minor bleeding was reported in five cases
in the study group and four in the control group. In the
control group, stent retrieval failed in four cases. The
failure was due to esophageal tissue tearing (n = 2),
bleeding (n = 1), and death (n = 1). The rate of stent
removal was significantly different between the control
and study groups (60% vs 100%; P = 0.035).
Figure 5 Illustrations of the study stent extraction. A: The slipknots of
surgical suture lines were unfastened successively after biopsy forceps pulled
the string; B: Three pieces of nickel-titanium mesh connected by surgical suture
lines subsequently detached.

DISCUSSION
RBES can have a harmful impact on the patient’s quality
of life. The condition can cause severe complications
including weight loss, aspiration, anemia, and malnutri
[17]
tion, and can be life-threatening. In 1983, Frimberger
proposed SEMS for the treatment of esophageal
strictures resulting in significant therapeutic benefit.
However, the long-term complications associated with
stent implantation and removal have hindered the
application of conventional stents in the treatment of
esophageal strictures, especially RBES.
The removal of partially covered SEMS can be
difficult because of the high rate of hyperplasia, foreign
[7,9,10,18]
body reactions, and bleeding
. The use of SEPS
has shown a less frequent rate of hyperplastic tissue
ingrowth and overgrowth in comparison with that
of partially covered metal stents. However, plastic
stents have several limitations, including the need to
be “prepared for delivery,” weaker radial force, and
other complications. Moreover, decreased friction of
the covered surface of the stent with the esophageal
[7,19]
wall often leads to stent migration (45%-62%)
.
Therefore, many stent designs have focused on antimigration, such as an SX-ELLA stent (Hradec Kralove,
Czech Republic). This stent has an anchoring flap
[20]
or flared end
with an anti-migration ring at the
proximal end. Other examples include a stent with dogbone ends (90 stent; Taewoong Medical, Seoul, South
[21]
Korea) and the stent with multiple protuberances .
The Niti-S double-layered covered nitinol stent was
developed to overcome the major drawback of stent
implantation. The Niti-S stent has migration rates
lower than other covered stents due to the design

WJG|www.wjgnet.com

with the enlarged flares at both ends and double-layer
[22]
structure with an outer uncovered nitinol wire tube .
Although the Niti-S stent demonstrated excellent
[23,24]
results in inoperable carcinoma of the esophagus
,
the rigid shape of the stent prevents removal from
benign esophageal strictures. To overcome problems
associated with retrieval of the implanted stent, the
BD stent was introduced, rendering later stent removal
[13,14]
procedures unnecessary
. However, in cases where
patients do not tolerate a BD stent or stent migration
occurs after BD stent implantation, stent removal is
unavoidable.
Difficult stent retrievals often lead to a high incidence
of esophageal injury. Therefore, we sought to find
a better solution to this problem. The primary aim
of designing the detachable “pieced” stent was to
enhance the removal of the implanted stent after
the dilation effect is attained or if stent migration has
occurred. Our animal model experiments demonstrate
the following properties of our newly designed stent:
(1) the stent preserves the strong supporting property
of the conventional SEMS to prevent migration; (2)
the stent is much easier to extract because it can be
detached into three pieces with no tension; and (3) the
duration of stent implantation can be controlled. These
features may prevent serious complications associated
with long-term use of stents.
The detachable “pieced” stent has an equivalent
dilation effect and safety compared with that of a

8633

July 28, 2015|Volume 21|Issue 28|

Liu J et al . A new stent for esophageal stricture

Applications

conventional SEMS. The rate of stent removal was
significantly higher in the study group compared with
the control group. The control group had four failed
removal procedures due to tissue overgrowth at the
end of the stent; furthermore, bleeding occurred
in four rabbits. There was no obvious bleeding or
resistance in any of the removals in the study group.
Two cases in the study group had rough surgical
suture lines, which snapped during clamping. However,
the broken end of the suture line was grasped with
biopsy forceps, and the slipknot was then unfastened
sequentially by pulling the residual suture lines
forward. Our work indicates that the study stent can
be extracted even if the surgical suture line is broken.
Different suture materials should be addressed in the
future studies.
The limitation of this study is that it is an experimental
animal study with only one style of conventional stent
used for comparison. Further studies are necessary to
investigate the duration of the detachable “pieced” stent
placement, the feasibility of the retrieval, the optimal
length and diameter, the tissue reaction, and the longterm complications in animals and humans. Clinical trials
involving patients with esophageal stricture are needed
in future investigations.
In conclusion, the detachable “pieced” stent may offer
a new option for the treatment of benign esophageal
strictures in humans. The stent may sustain a longlasting dilation effect, potentially reducing complications
associated with stent extraction. The time of stent
removal can be controlled, and the procedure of stent
retrieval is simple. The stent may potentially become
an option for those patients who need to have a stent
extracted or who have had a stent migration. Its use in
other areas of the gastrointestinal tract should also be
explored.

The study results suggest that the newly designed detachable “pieced”
stent can provide sufficient dilatation effect and good patency to remold the
esophageal tract and can be easily removed during stent extraction.

Terminology

Refractory benign esophageal strictures usually occur in the patients who have
had failed 1-3 consecutive sessions of bougies or balloons dilatation. These are
more complex strictures (30%-40%) of > 2 cm in size, tortuous, and associated
with a severely narrow diameter or presence of leaks or fistulas. Therefore, the
strictures cannot maintain an adequate diameter (≥ 14 mm) through several
repeated sessions of dilatation or can be relieved for a very short interval.

Peer-review

This experimental protocol investigated a newly designed stent for benign
esophageal stricture in a rabbit esophageal stricture model. The authors
designed the detachable “pieced” esophageal stent, which had no radial force
during retraction. The new stent could achieve the goal of temporary stent
placement for dilation effect and easy removal.
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Abstract
AIM: To investigate the clinical characteristics and
outcomes of idiopathic Helicobacter pylori (H. pylori )negative and drug-negative] peptic ulcer bleeding
(PUB).

Conflict-of-interest statement: The authors declare that they
have nothing to disclose.

METHODS: A consecutive series of patients who
experienced PUB between 2006 and 2012 was
retrospectively analyzed. A total of 232 patients were
enrolled in this study. The patients were divided
into four groups according to the etiologies of PUB:
idiopathic, H. pylori -associated, drug-induced and
combined (H. pylori -associated and drug-induced)
types. We compared the clinical characteristics and
outcomes between the groups. When the silver stain
or rapid urease tests were H. pylori -negative, we
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obtained an additional biopsy specimen by endoscopic
re-examination and performed an H. pylori antibody
test 6-8 wk after the initial endoscopic examination.
For a diagnosis of idiopathic PUB, a negative result of
an H. pylori antibody test was confirmed. In all cases,
re-bleeding was confirmed by endoscopic examination.
For the risk assessment, the Blatchford and the Rockall
scores were calculated for all patients.

com/1007-9327/full/v21/i28/8636.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8636

INTRODUCTION
Acute upper gastrointestinal bleeding is a common
complication of peptic ulcer disease, often caused by
Helicobacter pylori (H. pylori) and non-steroidal antiinflammatory drug (NSAID)/aspirin use. Recently,
with the declining prevalence of H. pylori infection, H.
pylori-negative ulcers have been frequently reported.
Epidemiological studies have been performed to
investigate whether the number of H. pylori-negative
and drug-negative ulcers, the so called ‘‘idiopathic
[1-4]
ulcers”, are increasing
. For a diagnosis of an
idiopathic ulcer, a negative result of an H. pylori tests
performed during at least two different time points
has to be confirmed, and the validity of the drug use
history should be checked. Then, conditions associated
with malignancy and stressful conditions such as
trauma, burns and multi-organ failure should be
excluded.
Previously, several studies have reported that
idiopathic ulcer disease has a higher recurrence rate
than H. pylori-associated peptic ulcers, and its longterm recurrence rate is significantly higher than that
of drug-induced peptic ulcers as well as H. pylori[3-6]
associated peptic ulcers
. However, to date, the
natural history of idiopathic PUB is unknown; the
optimal management of these patients remains
uncertain. In this study, we analyzed the clinical
characteristics and outcomes of idiopathic peptic ulcer
bleeding (PUB) and compared different etiologies,
including H. pylori infection and drug use.
The Blatchford scores use pre-endoscopic clinical
and laboratory variables to predict the need for clinical
[7]
intervention (blood transfusion, endoscopy, surgery) .
The Rockall scores have been developed from
mathematical models to predict the risk of death or
[8]
re-bleeding . Although the Blatchford and the Rockall
scores lack subjective variables such as the severity of
systemic diseases, these scoring systems have served
as risk stratification tools and seem to perform well in
[9-11]
predicting mortality
. We also aimed to assess the
severity of PUB among groups categorized by different
etiologies using these scoring systems.

RESULTS: For PUB, the frequency of H. pylori infection
was 59.5% (138/232), whereas the frequency of
idiopathic cases was 8.6% (20/232). When idiopathic
PUB was compared to H. pylori -associated PUB, the
idiopathic PUB group showed a higher rate of rebleeding after initial hemostasis during the hospital
stay (30% vs 7.4%, P = 0.02). When idiopathic PUB
was compared to drug-induced PUB, the patients in
the idiopathic PUB group showed a higher rate of rebleeding after initial hemostasis upon admission (30%
vs 2.7%, P < 0.01). When drug-induced PUB was
compared to H. pylori -associated PUB, the patients in
the drug-induced PUB were older (68.49 ± 14.76 years
vs 47.83 ± 15.15 years, P < 0.01) and showed a higher
proportion of gastric ulcer (77% vs 49%, P < 0.01).
However, the Blatchford and the Rockall scores were
not significantly different between the two groups.
Among the patients who experienced drug-induced
PUB, no significant differences were found with respect
to clinical characteristics, irrespective of H. pylori
infection.
CONCLUSION: Idiopathic PUB has unique clinical
characteristics such as re-bleeding after initial
hemostasis upon admission. Therefore, these patients
need to undergo close surveillance upon admission.
Key words: Peptic ulcer; Gastrointestinal bleeding;

Helicobacter pylori ; Non-steroidal anti-inflammatory
drug

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

Core tip: Recently, the number of Helicobacter pylori (H.
pylori )-negative and drug-negative “idiopathic” peptic

ulcers has increased. This study analyzed the clinical
characteristics of idiopathic peptic ulcer bleeding (PUB)
and compared different etiologies, including H. pylori
infection and drug use. In conclusion, definite etiologic
factors of PUB including drug and H. pylori infection
seemed to play an insignificant role in the severity of
PUB. Idiopathic PUB has unique clinical characteristics
such as re-bleeding after initial hemostasis upon
admission. Therefore, these patients need to undergo
close surveillance upon admission.

MATERIALS AND METHODS
Patients

The study was conducted at St. Vincent and St.
Paul Hospital, the Catholic University of Korea. The
medical records, charts and the digitalized picture
archived images of consecutive patients who were
admitted with PUB between January 2006 and January
2012 were collected. The patients presented with
objective evidence of upper gastrointestinal bleeding

Chung WC, Jeon EJ, Kim DB, Sung HJ, Kim YJ, Lim ES, Kim M,
Oh JH. Clinical characteristics of Helicobacter pylori-negative
drug-negative peptic ulcer bleeding. World J Gastroenterol 2015;
21(28): 8636-8643 Available from: URL: http://www.wjgnet.
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(hematemesis, melena or blood in nasogastric
aspirates).
All of the patients underwent an emergency
esophagogastroduodenoscopy within 24 h of initial
presentation. No systemic sedative agent was given
to any of the patients. The stigmata of bleeding were
[12]
classified according to the Forrest classification .
When the base of the ulcer was categorized as Forrest
classification Ⅰ or Ⅱ a, endoscopic treatment was
performed. All of the patients underwent second
look endoscopy within 48 h of the initial endoscopic
examination. During the second look endoscopy, two
biopsy specimens were taken from the antrum (the
greater curvature of the mid-antrum) and the corpus
(the greater curvature of the mid-body) for histological
assessment. The diagnosis of H. pylori infection was
based on histological results, including a rapid urease
®
test (CLO test , Kimberly-Clark, Utah, United States)
or a Warthin-Starry silver stain in any of the two
specimens from the antrum and body. Alcohol use was
defined as consumption of at least 20 g of alcohol/d
for up to three times/week. Smoking was defined as
current smoking.
A total of 465 patients had bleeding from a peptic
ulcer as confirmed by endoscopy. Patients less than 17
years and more than 85 years of age were excluded
from the study. We excluded patients with procedure
related bleeding (e.g., after gastric polypectomy,
endoscopic mucosal resection or endoscopic sub
mucosal dissection) and patients with medical comorbidities consisting of serious systemic diseases
(heart failure, liver cirrhosis with a Child-Pugh score
> 7, chronic obstructive pulmonary disorder, sepsis,
hematologic disorder, etc.). Individuals with conditions
that might have substantial effects on our study
results (e.g., serum creatinine > 2.5 mg/dL and total
bilirubin > 3.0 mg/dL) and bleeding associated with
malignancy were excluded. We also excluded patients
with a history of gastrectomy. However, patients with
diabetes mellitus without any complications or wellcontrolled hypertension were included.
All of the patients with PUB were prescribed proton
pump inhibitor (PPI) therapy for 4 wk or longer. If
the silver stain and rapid urease test were H. pylorinegative, we obtained an additional biopsy specimen
by performing endoscopy 6-8 wk after the initial
examination. Patients did not take PPIs for at least
2 wk before the re-endoscopy. For the diagnosis of
idiopathic ulcer bleeding, a negative result of an H.
pylori antibody test was confirmed.

aspirin and anti-platelet agents such as clopidogrel
and ticlopidine. Re-bleeding was defined as objective
evidence of bleeding with continuous melena,
hematochezia, or the presence of fresh blood in vomit
while in the hospital. When hemodynamic instability
(systolic blood pressure < 90 mmHg or heart rate >
120 beats/min) developed or there was an abrupt
drop of more than 2 g/dL in the hemoglobin level,
these episodes were also defined as re-bleeding. In all
cases, re-bleeding was confirmed by endoscopy. The
Blatchford and the Rockall scores were calculated for
all patients for the risk assessment.

Statistical analysis

For the quantitative variables, the mean ± SD was
calculated. One-way ANOVA along with a post-hoc test
such as Dunnett test was used to compare continuous
variables among subgroups of PUB. For the qualitative
variables, the number of subjects in the subgroups
2
was calculated. In addition, the χ and/or Fisher’s
exact test were used to investigate the association
with other variables. The binary logistic regression
model was used for the univariate and the multivariate
analysis. SPSS statistical package version 21.0 (SPSS
Inc., Chicago, IL, United States) and R language ver.
3.1.1 (R Foundation for Statistical Computing, Vienna,
Austria) were used for all statistical analyses. Statistical
significance was defined as P < 0.05. The statistical
methods of this study were reviewed by Jinho Yoo
from Bio-Age Inc. in the Republic of Korea.

RESULTS
Characteristics and clinical outcomes

Of the 465 patients with PUB, 233 were excluded
due to extreme age (n = 12), significant medical comorbidity (n = 108), procedure related bleeding (n
= 15), a history of gastrectomy (n = 34), bleeding
from gastric cancer (n = 16), and violation of protocol/
loss of follow up (n = 48). Surgical intervention was
performed in 7 patients (4 cases of gastric ulcer
bleeding and 3 cases of duodenal ulcer bleeding), and
these participants were excluded due to incomplete
evaluation of H. pylori infection. Finally, a total of 232
patients (162 males and 70 females) were enrolled in
this study. The mean age of the subjects was 57.13 ±
17.42 years.
For PUB, the frequency of H. pylori infection
was 59.5% (138/232), whereas 20 patients who
had negative results for H. pylori infection and no
definite drug history were allocated into the idiopathic
(H. pylori-negative and drug-negative) PUB group
(Figure 1). The frequency of idiopathic PUB was
8.6% (20/232). The patients were divided into the
following four groups according to the etiologies of
PUB: idiopathic, H. pylori-associated, drug-induced
and combined (H. pylori-associated and drug-induced)
type. The H. pylori-associated PUB group included

Methods

Variables including patient age, sex, smoking and
alcohol history, initial hemoglobin level, duration of
admission, ulcer size, need for transfusion, evidence
of re-bleeding, use of anti-thrombotic agents, use
of NSAIDs and the status of H. pylori infection were
reviewed. Anti-thrombotic agents included low dose
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Peptic ulcer bleeding (n = 465)

Exclusion (n = 233)
> 85, < 17 yr: 12
Chronic disease: 108
Procedure related: 15
History of gastrectomy: 34
Malignancy associated: 16
Violation of protocol/
loss of follow up: 48

H. pylori -negative,
drug-negative:
Idiopathic
(n = 20)

Association with
H. pylori infection
(n = 108)

Combined with

Association with
Drug use
(n = 74)

H. pylori infection and
Drug use
(n = 30)

Figure 1 Study enrollment of the peptic ulcer bleeding. Drug: Non-steroidal anti-inflammatory drugs and/or antithrombotic agents; H. pylori: Helicobacter pylori.

Table 1 Clinical characteristics and outcomes of patients with peptic ulcer bleeding
Etiology of PUB
Age
Sex (M:F)
Smoking (Yes:No)
Alcohol (Yes:No)
Gastric ulcer (GU)
Duodenal ulcer (DU)
GU + DU
Initial hemoglobin (g/dL)
Creatinine (mg/dL)
Duration of admission (d)
Ulcer size (cm)
Needs for transfusion
(PRC no.)
Re-bleeding case
upon admission:
Re-admission
Past history of ulcer
Blatchford score
Rockall score

P value P value1 P value2 P value3

Idiopathic
(n = 20)

H. pylori -associated
(n = 108)

Drug-induced
(n = 74)

Combined (H. pylori ,
Drug) (n = 30)

55.15 ± 12.33
19:1
10:10
6:14
12
6
2
9.98 ± 3.15
1.040 ± 0.179
6.15 ± 2.277
1.21 ± 0.65
2.35 ± 2.46

47.83 ± 15.15
89:19
53:55
27:81
53
44
11
9.36 ± 2.56
1.018 ± 0.435
5.602 ± 2.411
0.86 ± 0.51
2.21 ± 1.98

68.49 ± 14.76
37:37
21:53
14:60
57
6
11
8.75 ± 2.73
1.255 ± 0.845
8.473 ± 8.919
1.25 ± 0.92
3.53 ± 4.94

63.87 ± 14.79
17:13
7:23
5:25
21
2
7
8.84 ± 2.39
1.03 ± 0.356
5.5 ± 2.556
1.07 ± 0.80
2.53 ± 1.74

< 0.01
< 0.01
< 0.01
0.554
< 0.01

0.09
0.24
1
0.85
0.644

< 0.01
< 0.01
0.12
0.364
0.044

0.09
< 0.01
0.10
0.314
0.084

0.19
0.05
< 0.01
< 0.01
0.06

0.57
0.99
0.93
0.12
0.99

0.14
0.27
0.18
0.99
0.29

0.26
1.00
0.93
0.80
0.99

6

8

2

2

< 0.014

< 0.014

< 0.014

< 0.054

2
6
8.85 ± 4.06
3.50 ± 1.05

3
25
8.56 ± 3.71
3.05 ± 1.54

4
2
9.78 ± 3.77
4.73 ± 2.21

2
8
10.40 ± 3.94
4.73 ± 1.87

0.304
< 0.014
0.05
< 0.01

0.174
0.574
0.97
0.52

0.604
< 0.014
0.56
0.02

14
1
0.29
0.04

P value by 1-way ANOVA.1P value by post-hoc test (Dunnett test between Idiopathic and H. pylori-associated); 2P value by post-hoc test (Dunnett test
between Idiopathic and Drug-induced); 3P value by post-hoc test (Dunnett test between Idiopathic and Combined); 4P value by Fisher’s exact test values
shown as mean ± SD. PUB: Peptic ulcer bleeding; PRC: Packed red cell; H. pylori: Helicobacter pylori.

Idiopathic (H. pylori-negative and drug-negative) peptic
ulcer bleeding

108 patients, whereas the drug induced PUB group
included 74 patients who used aspirin (n = 35), antiplatelet agents (n = 17) and NSAIDs (n = 43). Twentyone patients (28.4%) took two or more drugs. The
combined type PUB group included 30 patients who
used aspirin (n = 13), anti-platelet agents (n = 5) and
NSAIDs (n = 18). Six patients (20.0%) took two or
more drugs. Significant differences were found for age,
sex, location of the ulcer, duration of admission, rate of
re-bleeding after initial hemostasis, and the Blatchford
and the Rockall scores among the four groups (Table 1).
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The patient group consisted of 19 men (95%) and 1
woman (5%), and the mean age was 55.15 ± 12.33
years. The frequencies of gastric ulcer and duodenal
ulcer were 60% (12/20) and 30% (6/20), respectively.
The frequency of combined gastric and duodenal ulcers
was 10% (2/20). When idiopathic PUB was compared
to H. pylori-associated PUB, the idiopathic PUB group
showed a higher rate of re-bleeding after initial
hemostasis during the hospital stay (30% vs 7.4%, P
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Table 2 Univariate and multivariate analysis between idiopathic and Helicobacter pylori -associated peptic ulcer bleeding
Idiopathic PUB
(n = 20)

Helicobacter pylori -associated PUB P value1 OR (95%CI)1 P value2
(n = 108)

Age
≥ 60 yr

< 60 yr
Ulcer size
≥ 1.0 cm
< 1.0 cm
Re-bleeding case upon admission
Yes
No

6
14

28
80

12
8

40
68

6
14

8
100

2

OR (95%CI)

0.71

1.224 (0.43-3.49)

0.94

1.04 (0.34-3.18)

0.06

2.55 (0.96-6.77)

0.15

2.13 (0.76-5.95)

< 0.01

5.36 (1.62-17.74)

0.02

4.56 (1.34-15.54)

1

P value and OR (95%CI) by univariate logistic regression analysis; 2P value and OR (95%CI) by multivariate logistic regression analysis. PUB: Peptic ulcer
bleeding.

Table 3 Univariate and multivariate analysis between idiopathic and drug-induced peptic ulcer bleeding
Idiopathic PUB
(n = 20)

Drug-induced PUB
(n = 74)

6
14

54
20

19
1

37
37

6
14

6
68

12
8

39
35

6
14

2
72

Age
≥ 60 yr

< 60 yr
Sex
Male
Female
Ulcer type
Duodenal ulcer
Others
Ulcer size
≥ 1.0 cm
< 1.0 cm
Re-bleeding case upon admission
Yes
No

P value1

OR (95%CI)

P value2

OR (95%CI)

< 0.01

0.16 (0.05-0.47)

< 0.01

0.12 (0.03-0.55)

< 0.01

19.00 (2.42-149.36)

0.06

8.59 (0.94-83.82)

0.02

4.86 (1.37-17.29)

0.08

3.86 (0.85-17.55)

0.60

1.31 (0.48-3.58)

0.16

2.65 (0.68-10.29)

< 0.01

1

15.43 (2.82-84.43)

< 0.01

2

19.76 (2.39-162.91)

1

P value and OR (95%CI) by univariate logistic regression analysis; 2P value and OR (95%CI) by multivariate logistic regression analysis. PUB: Peptic ulcer
bleeding.

< 0.01) (Table 2). When idiopathic PUB was compared
to drug-induced PUB, the patients in the drug-induced
PUB group were older (55.15 ± 12.33 years vs 68.49
± 14.76 years, P < 0.01). In addition, the idiopathic
PUB group showed a higher rate of re-bleeding after
initial hemostasis upon admission (30% vs 2.7%, P <
0.01) (Table 3).

vs 49%, P < 0.01), and the duration of admission was
longer (8.47 ± 8.92 d vs 5.60 ± 2.41 d, P = 0.04).
However, the Blatchford and the Rockall scores were
not significantly different between the two groups
(Table 4).

Drug-induced peptic ulcer bleeding

When the combined type PUB was compared to H.
pylori-associated PUB, the patients in the combined
type PUB group were older (63.87 ± 14.79 years vs
47.83 ± 15.15 years, P < 0.01) and had a dominant
pattern of gastric ulcers (70% vs 49%, P < 0.01).
Additionally, the Blatchford and the Rockall scores
were higher (P < 0.01). When the combined type PUB
was compared to drug-induced PUB, no significant
differences in the characteristics and clinical outcomes
were found. The pattern of combined type of PUB was
similar to that of drug-induced PUB.

Combined type (H. pylori associated and drug induced)
peptic ulcer bleeding

When drug-induced PUB was compared to H. pyloriassociated PUB, significant differences in age, sex,
proportion of gastric ulcers, ulcer size, duration of
admission, and Blatchford and Rockall scores were
found. A multivariate analysis of the covariates that
showed statistical significance in the univariate analysis
was performed; the results showed that drug-induced
PUB was more common in older patients (68.49 ±
14.76 years vs 47.83 ± 15.15 years, P < 0.01). The
drug-induced PUB group had equal numbers of men
and women, whereas the H. pylori-associated PUB
group had a predominantly male pattern (50% vs
82%, P = 0.03). In the drug-induced PUB group,
ulcers were more likely to occur in the stomach (77%
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DISCUSSION
The progressive decline of H. pylori infection and the
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Table 4 Univariate and multivariate analysis between drug-induced and Helicobacter pylori -associated peptic ulcer bleeding
Drug-induced PUB
(n = 74)

Helicobacter pylori -associated PUB P value1
(n = 108)

Age
≥ 60 yr

< 60 yr
Sex
Male
Female
Ulcer type
Gastric ulcer
Others
Ulcer size
≥ 1.0 cm
< 1.0 cm
Creatinine
≥ 1.0 mg/dL
< 1.0 mg/dL
Duration of admission
≥7d
<7d
Needs for transfusion
≥ 3 PRCs
< 3 PRCs
Blatchford score
≥ 10 points
< 10 points
Rockall score
≥ 4 points
< 4 points

54
20

28
80

37
37

89
19

57
17

53
55

39
35

40
68

41
33

64
44

36
38

28
80

31
43

39
69

48
26

51
57

51
23

40
68

OR (95%CI)

1

P value2

2

< 0.01

7.71 (3.95-15.07)

< 0.01

< 0.01

0.21 (0.11-0.42)

0.03

0.39 (0.17-0.91)

< 0.01

3.48 (1.80-6.73)

< 0.01

4.09 (1.73-9.64)

0.03

1.95 (1.07-3.57)

0.62

0.82 (0.37-1.81)

0.61

0.85 (0.47-1.55)

0.11

0.52 (0.23-1.16)

< 0.01

2.71 (1.45-5.07)

0.04

2.28 (1.04-5.00)

0.43

1.28 (0.70-2.34)

0.62

1.23 (0.55-2.76)

0.02

2.15 (1.16-3.96)

0.2

1.70 (0.76-3.82)

< 0.01

3.94 (2.09-7.43)

0.49

1.35 (0.58-3.13)

OR (95%CI)

4.51 (1.83-11.11)

1

P value and OR (95%CI) by univariate logistic regression analysis; 2P value and OR (95%CI) by multivariate logistic regression analysis. PUB: Peptic ulcer
bleeding; PRC: Packed red cell.

increasing use of NSAIDs and aspirin have changed the
etiologic distribution of PUB in the last two decades.
In this study, the prevalence of H. pylori infection was
59.5%. This finding is consistent with other studies
that have found a prevalence of H. pylori infection
[13,14]
ranging from 61%-68%
. In the diagnosis of an
idiopathic ulcer, the exclusion of an H. pylori infection
is crucial, and the validity of the drug use history
[6]
should be checked. Recently, Yoon et al reported that
idiopathic peptic ulcer disease was an independent
risk factor for ulcer recurrence. However, in this study,
14.3% of idiopathic ulcer patients were determined
only by rapid urease test without histologic evaluation,
it may be difficult to completely exclude the possibility
that H-pylori positive patients might be included in
[6]
the idiopathic peptic ulcer group . In the present
study, to avoid an inaccurate diagnosis of H. pylori
infection, we determined the H. pylori status twice
by delayed diagnostic methods including histology.
Furthermore, we performed the different types of
diagnostic methods, such as H. pylori antibody tests,
and confirmed the negative results. Then, we excluded
malignancy, and other stressful conditions such as
trauma, burns and multi-organ failure. Previously,
several studies have reported that idiopathic ulcer
disease has a higher recurrence rate than H. pyloriassociated peptic ulcers, and its long-term recurrence
rate is significantly higher than that of drug-induced
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peptic ulcers as well as H. pylori-associated peptic
[3-6]
ulcers . However, our results revealed no significant
difference in long term recurrence rates. Further
studies that assess the long term results are needed to
determine the recurrence of idiopathic PUB compared
to H. pylori-associated PUB. We also showed that
patients with idiopathic PUB had a higher proportion of
patients experienced re-bleeding during the hospital
stay. Similar results were previously observed,
suggesting that patients with idiopathic PUB have a
[3,4]
substantial risk of recurrent bleeding . Although we
did not evaluate the mortality of PUB directly, recurrent
bleeding is known as an independent risk factor that
potentially leads to mortality. In particular, in-hospital
bleeders were hemodynamically more unstable
and had significantly more deaths due to bleeding[15,16]
related cause
. Therefore, patients with idiopathic
PUB have a potentially high risk of bleeding related
mortality and need to undergo close surveillance upon
admission.
Herein, we hypothesized the possible presence
of an unidentified pathway that participates in the
formation of idiopathic ulcers. Few data regarding
the pathogenesis of idiopathic peptic ulcers exist in
the literature. Recent studies have suggested that
gastroduodenal ulcerations are related to sex hormone
secretion. In this study, a predominantly male pattern
was typically observed in the idiopathic PUB group,
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although this is not statistically significant. Previous
studies in different animal species and humans have
suggested that sex hormones influence gastric acid
secretion and contribute to the integrity of the oral
[17,18]
and gastroduodenal mucosa
. Another possibility
is that the genetic and epigenetic changes in the
mucin molecule may be responsible for idiopathic
[19,20]
[21]
peptic ulcer disease
. Iijima et al
proposed
several factors including age, systemic complications
such as hepatocirrhosis and psychological stress
were related to the idiopathic ulcers. However, Kanno
[22]
et al
reported that older age itself is not a risk
factor for idiopathic peptic ulcers. Instead, this study
revealed that the presence of multiple underlying
comorbidities (such as hypertension, hyperlipidemia
and diabetes mellitus) is an important risk factor for
idiopathic peptic ulcers compared with simple H. pylori[22]
positive ulcers . In the present study, we excluded
hepatocirrhosis patients with moderate to severe portal
hypertension, because this condition could affect the
severity of PUB. In addition, we did not analyze that
underlying comorbid disease between the four PUB
subgroups that could be a cause of idiopathic peptic
ulcers at least partially through local ischemia of the
[22]
GI mucosa . Further research using a prospective
design is needed in this area.
One potential limitation of our study was its retro
spective design; therefore, possible inherent biases
existed. Second, H. pylori duodenal colonization or
infection with Helicobacter heilmannii was not ruled
[23,24]
out
. Third, a higher drop-out rate was observed in
this study, which could be considered a limiting factor.
However, we applied strict inclusion criteria for the
enrolled patients and eliminated the other confounding
factors. Generally, factors that affected the severity
of PUB included the presence of conditions related to
cardiac or multi-organ failure, particularly in older and
comorbid patients, rather than the bleeding itself. In
this study, it was noteworthy that we solely compared
the severity of the bleeding from the peptic ulcer after
excluding underlying diseases such as ischemic heart
disease and chronic liver, lung and renal disease.
The high number of emergency admissions for
upper gastrointestinal bleeding is due to drug use,
[25,26]
especially in older patients
. Furthermore, patients
with PUB receiving aspirin or NSAIDs therapy are
exposed to a greater risk of severe bleeding, which
[27-29]
requires a transfusion
. In this study, we examined
whether the etiologic factors of peptic ulcer disease
may be related to more severe clinical outcomes of
PUB and whether H. pylori infection may influence the
severity of PUB. To date, the characteristics and clinical
outcomes of PUB according its etiology have not been
clearly defined. Our results revealed that no significant
difference in the severity of PUB in terms of the
Blatchford and the Rockall scores between the druginduced and H. pylori-associated group. Additionally,
among the patients who experienced drug-induced
PUB, no significant differences in clinical characteristics
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and clinical outcomes were observed, irrespective of H.
pylori infection. Altogether, H. pylori infection does not
play an important role in the severity of PUB.
In conclusion, definite etiologic factors of PUB
including drug and H. pylori infection seemed to play
an insignificant role in the severity of PUB. Idiopathic
PUB had unique and distinct clinical characteristics
and outcomes compared to other etiologies of PUB.
Clinically, it had a tendency for re-bleeding after initial
hemostasis during the hospital stay. Therefore, the
patients with idiopathic PUB should be under close
surveillance.
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Currently, the number of Helicobacter pylori (H. pylori)-negative and drugnegative ulcers, the so called ‘‘idiopathic” peptic ulcers, is increasing. However,
the natural history and the optimal management of idiopathic peptic ulcer
bleeding (PUB) remain uncertain.

Research frontiers

Previously, several studies have reported that idiopathic ulcer disease has a
higher recurrence rate than H. pylori-associated peptic ulcers, and its long-term
recurrence rate is significantly higher than that of drug-induced peptic ulcers as
well as H. pylori-associated peptic ulcers.

Innovations and breakthroughs

In this study, the authors analyzed the clinical characteristics and outcomes of
idiopathic PUB and compared different etiologies, including H. pylori infection
and drug use. We also aimed to assess the severity of PUB among the groups
categorized by the different etiologies using the Blatchford and the Rockall
scoring systems.

Applications

Idiopathic PUB has unique and distinct clinical characteristics and outcomes
compared to other etiologies of PUB. Clinically, it has a tendency for re-bleeding
after initial hemostasis during the hospital stay. Therefore, the patients with
idiopathic PUB should be under close surveillance.

Terminology

The Blatchford score uses pre-endoscopic clinical and laboratory variables
to predict the need for clinical intervention (blood transfusion, endoscopy,
surgery). The Rockall score has been developed from mathematical models to
predict the risk of death or re-bleeding. Although the Blatchford and the Rockall
scores lack subjective variables such as the severity of systemic diseases,
these scoring systems have served as risk stratification tools and seem to
perform well for predicting mortality.
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Abstract

(OSCC). We retrospectively analyzed 1490 OSCC
patients classified according to their nodal statuses (N0
vs N1 vs N2-3). Our results demonstrate the positive
role of combined therapy in OSCC with lymph node
metastasis, and further suggest that aggressive surgical
resection does not improve survival in patients with
N2-3 status.

AIM: To investigate the influence of nodal status on
response and clarify the optimal treatment for operable
esophageal squamous cell carcinoma (OSCC).
METHODS: We retrospectively analyzed 1490 OSCC
patients who underwent transthoracic esophagectomy
and lymphadenectomy between December 1996
and December 2009 at the Sun Yat-sen University
Cancer Center. The surgical approach and the number
of resected lymph nodes (LNs) were considered in
the assessment of surgery. Patients were classified
according to their nodal statuses (N0 vs N1 vs N2-3).
Overall survival was defined as the time from the
date of death or final follow-up. Survival analysis
was performed using the Kaplan-Meier method and
differences between curves were assessed by the logrank test. Univariate and multivariate Cox regression
analyses were used to identify factors associated with
prognosis. Statistical significance was assumed at a P <
0.05.

Zheng YZ, Zhao W, Hu Y, Ding-Lin XX, Wen J, Yang H, Liu
QW, Luo KJ, Huang QY, Chen JY, Fu JH. Aggressive surgical
resection does not improve survival in operable esophageal
squamous cell carcinoma with N2-3 status. World J Gastroenterol
2015; 21(28): 8644-8652 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i28/8644.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8644

INTRODUCTION
Esophageal cancer is a frequent cause of death
worldwide, and the traditional management has always
[1-3]
been surgical resection . Over the previous decades,
great improvements in preoperative examination and
surgical technology have led to significantly enhanced
[1-13]
long-term survival
. However, survival is still
unsatisfactory for locally advanced esophageal cancer,
which has prompted an evaluation of neoadjuvant
(preoperative) and adjuvant (postoperative) combined[14-25]
modality therapy
. Until now, the optimal
multimodality therapy has not yet been established.
Lymph node metastasis (LNM) is one of the
worst prognostic factors for localized esophageal
cancer. Furthermore, LNM decreases the curative
[1,3-5,9-11]
effects of surgery
and enhances the necessity
[14-20,22]
of multimodality treatment
. Therefore, we
speculated that the assessment of nodal status might
facilitate the selection of the most effective treatment.
In this study, we recruited esophageal squamous
cell carcinoma (OSCC) patients who had undergone
surgery at a Chinese institution over a 13-year period.
The aim of this study was to investigate the influence
of nodal status on therapeutic response and attempt to
clarify the optimal treatment for operable OSCC.

RESULTS: With a median time from surgery to the last
censoring date for the entire cohort of 72.2 mo, a total
of 631 patients were still alive at the last follow-up and
the median survival time was 35.5 mo. The surgical
approach (left transthoracic vs Ivor-Lewis/tri-incisional)
was verified as independent prognostic significance in
patients with N0 or N1 status, but not in those with
N2-3 status. Similar results were also observed with the
number of resected LNs (≤ 14 vs ≥ 15). Compared
with surgery alone, combined therapy achieved
better outcomes in patients with N1 or N2-3 status,
but not in those with N0 status. For those with N2-3
status, neither the surgical approach nor the number
of resected LNs reached significance by univariate
analysis, with unadjusted HRs of 0.826 (95%CI:
0.644-1.058) and 0.849 (95%CI: 0.668-1.078),
respectively, and aggressiveness of surgery did not
influence the outcome; the longest survival was
observed in those patients who received the combined
therapy.
CONCLUSION: Combined therapy has a positive role
in OSCC with LN metastasis, and aggressive surgical
resection does not improve survival in patients with
N2-3 status.

MATERIALS AND METHODS

Key words: Esophageal neoplasm; Lymph nodes; Prognosis;
Surgery

Patient selection

This study was approved by the Medical Ethics
Committee of Sun Yat-sen University Cancer Center.
Informed written consent was obtained from all
participants. Patients diagnosed with OSCC who
underwent transthoracic esophagectomy and
lymphadenectomy at the thoracic surgery department
of Sun Yat-sen University Cancer Center from
December 1996 to December 2009 were screened for
study recruitment. Our institutional electronic medical
record system was initiated in December 1996;
therefore, this was considered the date after which

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

Core tip: Esophageal cancer is one of the most fatal
malignant cancers worldwide, and survival is still
unsatisfactory for locally advanced subjects. Until now,
the optimal multimodality therapy has not yet been
established. The assessment of nodal status might
facilitate the selection of the most effective treatment
for operable esophageal squamous cell carcinoma
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Surgical procedure

Table 1 Patients characteristics n (%)

349 (23.4)
727 (48.8)
414 (27.8)

Surgical approaches applied in this study included left
transthoracic, Ivor-Lewis, and tri-incisional procedures,
which were mainly selected based on tumor location
and preoperative inspection results. For patients
with middle/lower thoracic OSCC with no evidence
of superior mediastinum metastasis, we generally
performed left transthoracic esophagectomies.
For patients with middle/lower thoracic OSCC with
evidence of superior mediastinum metastasis, we
performed Ivor-Lewis/tri-incisional esophagectomies.
In patients with upper thoracic OSCC, we only carried
out tri-incisional procedures.
Lymphadenectomy extent was influenced by
the surgical approach. For left transthoracic esoph
agectomy, we could not achieve upper mediastinal
lymphadenectomy in most cases, and instead
performed standard two-field lymphadenectomy,
including subcarinal, lower mediastinal, and upper
abdominal dissections. However, for Ivor-Lewis or
tri-incisional esophagectomies, an additional upper
mediastinal dissection was completed in most cases by
so-called extended two-field lymphadenectomy. Cervical
lymphadenectomy was not routinely carried out.

917 (61.5)
573 (38.5)

Adjuvant treatment

Variable

Case

Total
Sex
Male
Female
Age (yr)
≤ 58
> 58
Tumor location
Upper thoracic
Middle thoracic
Lower thoracic
Pathologic T status
T1
T2
T3
T4a
Pathologic N
N0
N1
N2
N3
Tumor cell differentiation
Well
Moderate
Poor
Surgical approach
Left thoracotomy
Ivor-Lewis/tri-incisional
Resected lymph nodes number
≤ 14
≥ 15
Received treatment
Surgery alone
Combined treatment

1490
1150 (77.2)
340 (22.8)
796 (53.4)
694 (46.6)
181 (12.1)
831 (55.8)
478 (32.1)
6 (0.4)
373 (25.0)
1039 (69.7)
72 (4.8)
727 (48.8)
419 (28.1)
267 (17.9)
77 (5.2)

Because there were no standard guidelines for the
adjuvant treatment of OSCC, treatment options were
selected based on tumor stage, the doctor’s opinion,
and the patient’s desires. In our hospital, adjuvant
treatment was started at 4-6 wk after operation,
mostly in patients with LNM. Chemotherapy was
typically applied as platinum-based two-drug regimen
for 4-6 cycles. Radiotherapy was mainly delivered
to the position of the anastomosis, mediastinum,
pericardium, and left epiploic lymphatic vessels, at a
total dose of 50-60 Gy.

764 (51.3)
726 (48.7)
1171 (78.6)
319 (21.4)

highly reliable data could be obtained.
All patients with pathologically confirmed OSCC
who fit the following inclusion criteria were included for
analysis: (1) pathologic T status of T1, T2, T3, or T4a;
(2) pathologic stage of Ⅰ, Ⅱ, or Ⅲ; (3) microscopically
complete resection (R0); and (4) patients who
underwent surgery or surgery followed by cytotoxic
chemotherapy/radiotherapy. Patients with T1N0 were
excluded because most of them were treated with
endoscopic resection. We did not include patients who
received neoadjuvant treatment due to the limited
power in predicting the number of LNMs prior to
surgery that was observed during the study period.
Preoperative examination included physical
examination, blood test, chest X-ray, barium
esophagography, endoscopy, and CT scans of the
chest, abdomen and cervical region. If tracheal
invasion was suspected, a bronchoscope test was
recommended. Endoscopic ultrasonography was
widely applied beginning in 2003. Positron emission
tomography/CT was initiated in 2005, but was used for
few cases due to its high cost. Pathologic staging was
th
performed based on the 7 American Joint Committee
[26]
on Cancer staging system .

WJG|www.wjgnet.com

Follow-up

After completion of primary treatment, the patients
were asked to participate in outpatient follow-up every
3 mo for the first 2 years, every 6 mo for years 3-5,
and every 12 mo thereafter. Regular assessment
included physical examination, blood test, endoscopy,
chest X-ray, and ultrasound testing. CT scans of the
chest, abdomen and cervical region were performed
at least once a year. For those could not afford regular
follow-up visits, a telephone follow-up was performed.
Survival status was reclassified using the best available
methods in March 2014. The median time from
surgery to the last censoring date for the entire cohort
was 72.2 mo.

Statistical analysis

Statistical analysis was performed using SPSS 19.0
software package (IBM Corp., Armonk, NY, United
States). We defined death as the event and overall
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Table 2 Influence of surgical parameters on survival for patients with N0, N1, and N2-3 status
Factors

Resected lymph nodes (n )

Surgical approach
Left transthoracic

Ivor-Lewis/tri-incisional

≤ 14

≥ 15

445
204
1

282
106
0.632 (0.499-0.801)
< 0.001

391
215
1

336
95
0.478 (0.375-0.609)
< 0.001

254
183
1

165
97
0.661 (0.516-0.847)
0.001

219
174
1

200
106
0.464 (0.364-0.592)
< 0.001

218
170
1

126
99
0.826 (0.644-1.058)
0.130

154
127
1

190
142
0.849 (0.668-1.078)
0.179

In patients with N0 status (n = 727)
No. at risk
No. of events
aHR (95%CI)
P value1
In patients with N1 status (n = 419)
No. at risk
No. of events
aHR (95%CI)
P value1
In patients with N2-3 status (n = 344)
No. at risk
No. of events
uHR (95%CI)
P value2
1

Multivariate analysis adjusted for sex (male/female), age (≤ 58/> 58 years), tumor location (upper/mid/lower), pathologic T status (T1/T2/T3/T4a), and
tumor cell differentiation (well/moderate/poor); 2Univariate analysis. aHR: Adjusted hazard ratio; uHR: Unadjusted hazard ratio.

A

1.0

Ivor-Lew is/tri-incisional procedure
Left transthoracic procedure-censored

0.8

1.0

0.6

0.4

0.2

Ivor-Lew is/tri-incisional procedure

0.4

P = 0.001
0.0

0 12 24 36 48 60 72 84 96 108 120 132 144

1.0

0 12 24 36 48 60 72 84 96 108 120 132 144

Month after surgery

Left transthoracic procedure
Ivor-Lew is/tri-incisional procedure
Left transthoracic procedure-censored

0.8
Cumulative survival

Ivor-Lew is/tri-incisional procedure-censored

0.2

Month after surgery

C

Left transthoracic procedure-censored

0.6

P = 0.001
0.0

Left transthoracic procedure

0.8

Ivor-Lew is/tri-incisional procedure-censored
Cumulative survival

Cumulative survival

B

Left transthoracic procedure

Ivor-Lew is/tri-incisional procedure-censored

0.6

0.4

0.2

P = 0.132
0.0

0 12 24 36 48 60 72 84 96 108 120 132 144

Month after surgery

Figure 1 Overall survival curves stratified by surgical approaches for esophageal squamous cell carcinoma patients. A: Patients with N0 status; B: Patients
with N1 status; C: Patients with N2-3 status (Log-rank test).

survival (OS) as the time from the date of surgery to
the date of death or final follow-up. Survival analysis
was performed using the Kaplan-Meier method and
differences between curves were assessed by the logrank test. Univariate and multivariate Cox regression

WJG|www.wjgnet.com

analyses were used to identify factors associated with
prognosis. Statistical significance was assumed at a
P < 0.05. The statistical methods of this study were
reviewed by Yin Guo from Sun Yat-sen University
Cancer Center.

8647

July 28, 2015|Volume 21|Issue 28|

Zheng YZ et al . Optimal treatment for oesophageal cancer

A

1.0

Resected lymph nodes

Table 3 Influence of combined therapy on survival for
patients with N0, N1, or N2-3 status

≤ 14
≥ 15

Cumulative survival

0.8

≤ 14-censored

Factors

≥ 15-censored

0.6

0.4

0.2

P < 0.001
0.0

0 12 24 36 48 60 72 84 96 108 120 132 144

Month after surgery

B

1.0

Resected lymph nodes
≤ 14
≥ 15

Cumulative survival

0.8

≥ 15-censored

0.4

0 12 24 36 48 60 72 84 96 108 120 132 144

Month after surgery
Resected lymph nodes
≤ 14
≥ 15

Cumulative survival

0.8

≤ 14-censored
≥ 15-censored

A total of 631 patients were still alive at the last followup, and the median survival time was 35.5 mo. To
investigate the influence of nodal status on therapeutic
response, we divided the entire cohort based on their
nodal status (N0 vs N1 vs N2-3).
The influence of nodal status on surgery is shown
in Table 2. The patients with a status of N0 or N1 who
underwent the Ivor-Lewis/tri-incisional procedure
presented with significantly better survival com
pared with those who underwent left transthoracic
esophagectomy, with adjusted hazard ratios (HRs)
of 0.632 (95%CI: 0.499-0.801) and 0.661 (95%CI:
0.516-0.847), respectively (P < 0.05) (Figure 1).
Similar results were also observed for the number of
resected LNs (Figure 2). For the patients with an N2-3
status, neither the surgical approach nor the number
of resected LNs reached significance by univariate
analysis, with unadjusted HRs of 0.826 (95%CI:
0.644-1.058) and 0.849 (95%CI: 0.668-1.078),
respectively. The results indicate the poor curative
effect of surgery in the patients with an N2-3 status.
The influence of nodal status on combined therapy
is shown in Table 3. Compared with surgery alone, the

0.4

0.2

P = 0.180
0 12 24 36 48 60 72 84 96 108 120 132 144

Month after surgery

Figure 2 Overall survival curves stratified by resected lymph nodes for
esophageal squamous cell carcinoma patients. A: Patients with N0 status; B:
Patients with N1 status; C: Patients with N2-3 status (Log-rank test).

RESULTS
Patient characteristics

A total of 1490 patients were enrolled as the target
population. There were 1150 male and 340 female
patients with a median age of 58 years (range: 30-88
years). In this study, 4.1% (61/1490) of the patients
were pathologically diagnosed as stage Ⅰ , 48.6%
(724/1490) as stage Ⅱ, and 47.3% (705/1490) as

WJG|www.wjgnet.com

130
100
0.672 (0.521-0.867)
0.002

Influence of nodal status on therapeutic response

0.6

0.0

106
63
0.712 (0.537-0.944)
0.018

stage Ⅲ. The most frequently applied approach was
left transthoracic esophagectomy (917/1490; 61.5%),
and the median number of resected lymph nodes
(LNs) was 14 (range: 1-91). Combined therapy was
used for 319 patients, including 194 who received
adjuvant chemotherapy, 91 who received adjuvant
chemoradiotherapy, and 34 who received adjuvant
radiotherapy. The patient characteristics are listed in
Table 1.

P < 0.001

1.0

83
35
0.878 (0.617-1.249)
0.469

Univariate analysis; 2Multivariate analysis adjusted for sex (male/female),
age (≤ 58/> 58 years), tumor location (upper/mid/lower), pathologic T
status (T1/T2/T3/T4a), and tumor cell differentiation (well/moderate/
poor); 3Multivariate analysis adjusted for sex, age, tumor location,
pathologic T status, nodal status (N2/N3), and tumor cell differentiation.
aHR: Adjusted hazard ratio; uHR: Unadjusted hazard ratio.

0.2

C

Combined therapy

1

≤ 14-censored

0.6

0.0

Surgery alone

In patients with N0 status (n = 727)
No. at risk
644
No. of events
275
uHR (95%CI)
1
P value1
In patients with N1 status (n = 419)
No. at risk
313
No. of events
217
aHR (95%CI)
1
P value2
In patients with N2-3 status (n = 344)
No. at risk
214
No. of events
169
aHR (95%CI)
1
P value3
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A

1.0

Combined therapy
Surgery alone-censored

0.8

1.0

0.8

Combined therapy-censored
Cumulative survival

Cumulative survival

A

Surgery alone

0.6

0.4

0.2

0.6

0.4

0.2

P = 0.469
0.0

0.0

0 12 24 36 48 60 72 84 96 108 120 132 144

Month after surgery
Surgery alone
Combined therapy
Surgery alone-censored

Cumulative survival

0.8

P = 0.020

96 108 120 132 144

94

61

53

31

12

6

94

59

38

27

17

7

2

Group C

48

45

31

29

27
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combined therapy did not generate better outcomes in
the patients with N0 status (unadjusted HR = 0.878,
95%CI: 0.617-1.249). For those with an N1 or N2-3
status, survival benefits were observed in those who
received the combined therapy, with adjusted HRs
of 0.712 (95%CI: 0.537-0.944) and 0.672 (95%CI:
0.521-0.867), respectively (Figure 3). These data
supported the use of combined therapy to treat OSCC
with LNM.

WJG|www.wjgnet.com

A
B
C
D
A-censored
B-censored
C-censored
D-censored

0.4

Month after surgery

Cumulative survival

60 72 84

Month after surgery

0.8

0.4

0.0

36 48

Group B 301 260 221 191 163 133

B

Combined therapy-censored

0.2

C

24

P < 0.001

Group A 343 280 202 165 143 132 114

0.6

0.0

A
B
C
D
A-censored
B-censored
C-censored
D-censored

No. at risk

Cumulative survival

B

1.0

0 12

Group
Group
Group
Group
Group
Group
Group
Group

97

51

26

11

8

5

5

3

3

1

Group B 117

61

34

23

14

9

3

3

1

1

1

Group C

57

46

23

17

12

10

6

4

2

2

2

Group D

73

60

30

22

15

11

9

5

3

2

1

2

2

Figure 4 Overall survival curves stratified by therapeutic regimens for
esophageal squamous cell carcinoma patients. A: Patients with N0 status;
B: Patients with N1 status; C: Patients with N2-3 status (Log-rank test). Group
A, limited surgery alone; Group B, extensive surgery alone; Group C, limited
surgery followed by adjuvant treatment; Group D, extensive surgery followed by
adjuvant treatment.

8649

July 28, 2015|Volume 21|Issue 28|

Zheng YZ et al . Optimal treatment for oesophageal cancer

Searching for optimal treatment for patients with N0, N1,
and N2-3 statuses

performed in search of an effective multidisciplinary
[14,15,17-22,24,25,28-30]
treatment for esophageal cancer
.
In this study, we observed that combined therapy
generated better outcomes only in nodal-positive
patients compared with surgery alone, which is quite
[14-17]
similar with previous studies
. For example, Ando
[14]
et al
enrolled 242 patients with localized OSCC and
found that adjuvant chemotherapy prevents recurrence
in patients with LNM, which was further supported by
[15,17]
[16]
additional studies
. Further, Lyu et al
supported
the positive role of adjuvant chemotherapy in
enhancing long-term survival in OSCC with LNM.
Recent studies have also reported that neoadjuvant
chemoradiotherapy is associated with better outcomes
than surgery alone for esophageal cancer, especially
[18-20,22,25,28,30]
in patients with LNM
. Additionally, in the
final analysis of the randomized controlled phase Ⅲ
[21]
trial FFCD 9901, Mariette et al
negated the value
of neoadjuvant chemoradiotherapy for stage Ⅰ or Ⅱ
esophageal cancer. Notably, most of these patients
were clinically staged with an N0 status (74.2%).
[23]
Recently, Okumura et al
found that neoadjuvant
chemoradiotherapy improves the outcomes of patients
with ≥ 4 LNMs, similar to those with 1-3 LNMs treated
with surgery alone. Thus, we also support the positive
role of neoadjuvant treatment for esophageal cancer
with LNM. However, because we did not include
patients who underwent neoadjuvant treatment, our
results are inconclusive in this regard.
Based on our results, we recommend intraoperative
frozen sectioning of suspicious LNs and oppose
excessively aggressive surgery for patients with ≥ 3
LNM (at least N2 status), because conservative surgical
[12]
procedure would decrease perioperative morbidity .
In addition, the pathologic stage of OSCC with ≥ 3
th
LNM is at least ⅢA according to the 7 American Joint
[26]
Committee on Cancer staging system , supporting
the use of multimodality treatment suggested by our
[14-17]
study and previous investigations
. Although a
more aggressive lymphadenectomy might facilitate
the acquisition of more accurate staging information
[31-34]
in theory
, it would not alter the treatment
choice. Furthermore, long-term survival did not differ
between the limited dissection and aggressive lymph
adenectomy groups in this study.
These finding should be considered in the context of
certain weaknesses in our study design. First, the study
is retrospective in nature. Second, heterogeneities,
including those associated with the basic characteristics
of patients or the determination of treatment, were
unavoidable due to the long study period, though
we conducted subgroup and multivariate analyses to
minimize these confounders. However, we believe it
is this nonselective and nonmatching population that
results in a more generalized significance of this study.
Third, because patients who received neoadjuvant
treatment were not investigated, further studies are
critical to validate our results.

To search for an optimal treatment, extensive surgery
was defined as Ivor-Lewis/tri-incisional procedure
with resection of ≥ 15 LNs, and limited surgery as the
other procedures assessed. Therefore, patients were
classified into four groups based on their therapeutic
regimens, including Group A (limited surgery alone),
Group B (extensive surgery alone), Group C (limited
surgery followed by adjuvant treatment), and Group
D (extensive surgery followed by adjuvant treatment).
The prognosis of patients with N0 status who
underwent surgery alone was comparable to that of
the combined therapy, and the longest survival times
were observed in Group B and Group D (Figure 4A).
The optimal treatment for the patients with N1 status
was extensive surgery followed by adjuvant treatment
(Group D) (Figure 4B). The outcomes of limited
surgery for the patients with an N2-3 status were
similar to those of extensive surgery, and the best
curative effects were observed in Group C and Group
D (Figure 4C).

DISCUSSION
In this study, we investigated the influence of nodal
status on therapeutic responses to different treatments
for operable OSCC. Based on the results, adopting
combined therapy improved the outcomes of the
nodal-positive patients, except for those with N0
status. Furthermore, aggressive surgical resection did
not improve survival in patients with an N2-3 status.
Surgical resection has long been applied as a
[2,6,27]
mainstay treatment for esophageal cancer
.
Previous studies have shown that performing
aggressive surgical resection is very important to
[1,4,5,10,11]
achieving long-term survival
. However, recent
studies have indicated that the curative effects of
surgical resection might be invalid for patients with
[6]
multiple LNMs. For instance, Tabire et al concluded
that the five-year survival rate for patients with
≥ 5 LNMs is merely 9.1% even after McKeown
esophagectomy and three-field lymphadenectomy,
[13]
which is in accordance with Mariette et al . Likewise,
[9]
Nishimaki et al
investigated the outcomes of
extended radical esophagectomy in 190 patients and
observed that no patients with ≥ 5 LNMs survive
beyond five years. Thus, in this study, we first grouped
the nodal status according to LNM number (0 vs 1-2
vs 3-4 vs 5-6 vs ≥ 7). We found that the positive
effect of aggressive surgery on survival is insignificant
in patients with 3-4, 5-6, and ≥ 7 LNMs (data not
shown), which led us to adopt our current grouping
program (N0 vs N1 vs N2-3). Our finding indicated
that prognosis could not be improved in patients with
an N2-3 status solely by performing more aggressive
surgery.
In recent years, there have been many research studies
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The results presented here indicate the positive role
of combined therapy in OSCC with LNM and further
suggest that aggressive surgical resection does not
improve survival in patients with an N2-3 status.
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Abstract
AIM: To investigate the virological relapse rate in
hepatitis B e antigen (HBeAg)-negative patients after
antiviral therapy discontinuation and analyze the factors
associated with virological relapse.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: Among patients diagnosed with chronic
hepatitis B infection between May 2005 and July
2010, 204 were eligible for analysis. The Kaplan-Meier
method and log-rank test were used to calculate the
cumulative rate of relapse and compare cumulative
relapse rates between groups. The Cox proportional
hazards regression model was used to evaluate the
predictive factor of virological relapse.
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RESULTS: The 2 and 1 year cumulative risks of
virological relapse after antiviral therapy discontinuation
were 79.41% (162/204) and 43.82% (71/162),
respectively. Multivariate analysis revealed that only
post treatment hepatitis B surface antigen (HBsAg)
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level was associated with virological relapse (P = 0.011).
The cumulative risk of virological relapse was higher
in the patients with HBsAg levels ≥ 1500 IU/L than in
those with HBsAg levels < 1500 IU/L (P = 0.0013). The
area under the curve was 0.603 (P = 0.033). The cutoff
HBsAg value for predicting virological relapse was 1443
IU/L.

the European Association for the Study of the Liver
[1]
Clinical Practice Guidelines (2012) . In the hepatitis B
e antigen (HBeAg)-negative phases, it is characterized
by recurrent fluctuations in HBV DNA expression level
and repeatedly elevated levels of aminotransferases.
Patients with this type of CHB have a higher risk
[3,4]
of liver fibrosis, cirrhosis and liver cancer . The
treatment goal in HBeAg-negative patients is sustained
[5]
suppression of HBV replication . The ideal end point is
sustained loss of HBsAg expression after therapy and
a satisfactory end point is sustained virological and
[1]
biochemical responses after therapy . However, the
ideal end point is difficult to achieve. A 5 year antiviral
therapy with nucleos(t)ide reportedly resulted in a
reduced HBsAg expression level usually lower than 5%
[6,7]
in HBeAg-negative patients .
A survey showed that among 124 gastroen
terologists and liver disease experts from 12 AsiaPacific countries, 60% would recommend that patients
discontinue treatment according to the Asia-Pacific
[8]
Guide owing to the high cost of antiviral drugs.
Moreover, approximately 25% to 50% of hepatitis
cases relapse after antiviral therapy discontinuation,
even if it were according to the recommendation of
the Asian Pacific Association for the Study of the Liver
[9-11]
(APASL)
.
In this study, we aimed to investigate the virological
relapse rate in HBeAg-negative patients after antiviral
therapy discontinuation and analyze the factors
associated with virological relapse.

CONCLUSION: We found that the virological relapse
rate remained high after antiviral therapy discontinuation
in the HBeAg-negative patients and that the post
treatment HBsAg levels predicted virological relapse.
Key words: Chronic hepatitis B; Virological relapse;
Hepatitis B surface antigen
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To study the rate of virological relapse in
hepatitis B e antigen (HBeAg)-negative patients after
stopping antiviral therapy. Two hundred and four
patients were eligible for this analysis. The cumulative
probability of virological relapse after stopping antiviral
therapy was 79.41% (162/204) in 2 years and 43.82%
(71/162) in 1 year. Cumulative probability of virological
relapse in levels of the hepatitis B surface antigen
(HBsAg) ≥ 1500IU/L group was higher than that of
levels of the HBsAg < 1500 IU/L group. The cutoff
value for predicting virological relapse was 1443 IU/L.
We found that the virological relapse rate maintained
a high level after stopping NUCs in HBeAg-negative
patients and HBsAg levels of cessation of nucleos(t)ide
analogs predicted virological relapse.

MATERIALS AND METHODS
Patients

Ge GH, Ye Y, Zhou XB, Chen L, He C, Wen DF, Tan YW.
Hepatitis B surface antigen levels of cessation of nucleos(t)ide
analogs associated with virological relapse in hepatitis B
surface antigen-negative chronic hepatitis B patients. World J
Gastroenterol 2015; 21(28): 8653-8659 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i28/8653.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i28.8653

This was a retrospective study with CHB patients
diagnosed between January 2005 and June 2010 at
the Liver Clinic and Department of Hepatosis, The Third
Hospital of Zhenjiang Affiliated Jiangsu University. The
patients were followed up at least every 3 to 6 mo,
or more often if clinically indicated. At each visit, liver
biochemical and HBV serological tests were performed,
including those for HBsAg, HBeAg, anti-HBe, HBV DNA
and genotypes. The inclusion criteria were as follows:
(1) HBsAg positivity ≥ 6 mo; (2) HBeAg negativity; (3)
4
HBV DNA load ≥ 10 copies/mL; (4) time of abnormal
alanine aminotransferase (ALT) ≥ 6 mo; and (5)
good treatment compliance. The exclusion criteria
[12]
were as follows : (1) other hepatitis virus infections
such as hepatitis A, C, D or E infection or human
immunodeficiency virus coinfection; (2) evidence
of liver disease with other etiologies such as use of
hepatotoxic drugs or regular alcohol consumption;
(3) pregnancy or lactation; and (4) complication of
variceal bleeding, ascites and encephalopathy.

INTRODUCTION
Hepatitis B virus (HBV) infection is a global public
health problem. About 350 million people worldwide
are chronic carriers of HBV and have a 15% to 25%
[1]
mortality risk from HBV-related liver disease . In
China, a seroepidemiological survey of HBV infection
cases in 2006 showed that the prevalence of hepatitis
B surface antigen (HBsAg) positivity was 7.18%.
The estimated number of HBV carriers was 93
million, of whom 30 million had chronic hepatitis B
(CHB) infection. CHB may progress to cirrhosis and
[2]
hepatocellular carcinoma .
The natural history of CHB infection is a dynamic
process and is divided into ﬁve phases, according to
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Study design

Patients were recruited from May 2005 to July 2010
after the last patient follow-up. During the study
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Cumulative probability of virological relapse

period, 424 consecutive CHB patients who were HBeAgnegative discontinued outpatient antiviral therapy.
After excluding 107 patients who did not meet the
APASL treatment cessation criteria, 78 who were lost
to follow-up, and 35 who were followed up for < 24
mo without relapse, 204 patients were eligible for this
analysis. The CHB patients were treated with adefovir
(ADV) at 10 mg/d, entecavir (ETV) at 0.5 mg/d,
lamivudine (LAM) at 100 mg/d, telbivudine (LDT) at
600 mg/d, and LAM100 mg/d plus ADV at 10 mg/d.
The types of antivirals used were selected according
to the economic condition of the patients and the
advice of the physicians. The baseline follow-up of the
treatment-naive patients was conducted at the start
of antiviral therapy. All of the patients who had regular
follow-up with ALT, HBV serological and HBV DNA tests
were monitored every 3 mo. Only patients with good
compliance to medication and follow-up were analyzed
in this study.
The criterion for antiviral therapy discontinuation
[13]
recommended by the 2008 APASL was undetectable
HBV DNA expression on 3 separate occasions 6 mo
apart. After antiviral therapy discontinuation, HBV
DNA, HBV serological and ALT tests were performed
every month within the first 6 mo and then every 1-3
mo thereafter. All of the patients were followed up for
24 mo. Virological relapse was defined as a serum HBV
DNA level > 1000 copies/mL. Sustained response (no
virological relapse) was defined as undetectable HBV
DNA expression (< 1000 copies/mL) after antiviral
therapy discontinuation for 24 mo. Finally, 204 patients
were recruited in the study, of whom 162 had and 42
had no virological relapse until the last follow-up visit.

0.8

0.6

0.4

0.2

0.0
0

10

20
Follow-up time (mo)

30

40

Figure 1 Cumulative probability of virological relapse in chronic hepatitis
B patients with hepatitis B e antigen-negative.

in order to compare the cumulative relapse rate
between the groups by using the log-rank test. The
Cox proportional hazards regression model was used
to evaluate the relevant factors of virological relapse
among various variables, including age, sex, history of
vertical transmission of infection, time to undetectable
HBV DNA expression, sustained time of antiviral
therapy, drugs used, post treatment HBsAg level and
genotype. These statistical analyses were conducted
by using the Statistical Package for the Social Sciences
(SPSS) version 21.0 software (SPSS Inc., Chicago, IL,
United States). Receiver operating characteristic curve
(ROC curve) was used to calculate the cutoff value of
the factor of virological relapse. The ROC analysis was
performed by using the software 21 MedCalc (Version
10.4.7.0; MedCalc, Mariakerke, Belgium). All P values
were two-sided.

Laboratory methods

HBV DNA was measured by performing a real-time
polymerase chain reaction (PCR) assay (Shanghai
Kehua Bioengineering Co., Ltd, Shanghai, China) with a
lower limit of quantification at 1000 copies/mL. Serum
HBsAg, HBeAg and anti-HBe levels were measured by
time-resolved fluorescence immunoassay kits (SumBio Lifescience, Shanghai, China). The post treatment
HBsAg level was quantified by using the Architect
chemiluminescent microparticle immunoassay (Abbott
Laboratories, Abbott Park, IL, United States), at a
sensitivity ranging from 0.05 to 250 IU/mL. Samples
with HBsAg titers higher than 250 IU/mL were retested
after dilution to 1:500-1000 to bring the reading to the
range of the calibration curve.

RESULTS
Patient characteristics

Of the 204 patients, 162 had a virological relapse
at 8.99 ± 9.38 mo (range, 1-20 mo) after
therapy cessation. The 2 and 1 year cumulative
risks of virological relapse after antiviral therapy
discontinuation were 79.41% (162/204) and 43.82%
(71/162), respectively (Figure 1). Among the patients,
5 showed reappearance of HBeAg, 26 had elevated
ALT levels to more than twice the upper limit of normal
(235.2 ± 139.1 IU/L), and 1 patient developed liver
failure. In 1 of the 42 sustained responders, the
HBsAg expression disappeared. The 42 patients were
followed up for 25.71 ± 2.17 mo (range, 24-36 mo).
The characteristics of CHB patients with and of those
without virological relapse are shown in Table 1.

Statistical analysis

Data were expressed as mean ± SD or median. The
demographic data and clinical features of CHB patients
2
were compared by using χ tests for categorical
variables. Independent sample t test with analysis
of variance was used for group comparisons of
parametric quantitative data. The cumulative relapse
rate was calculated by using the Kaplan-Meier method

WJG|www.wjgnet.com
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Factors associated with virological relapse in the Cox
regression analysis

The univariate Cox regression analysis revealed that
sustained time of antiviral therapy and post treatment
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Table 1 Characteristics of chronic hepatitis B patients with or with no virological relapse n (%)
Factors

Virological relapse (n = 162)

No virological relapse (n = 42)

36.83 ± 10.51

35.19 ± 9.10

0.357

95 (58.64)
67 (41.36)

26 (61.9)
16 (38.1)

0.332

80 (49.38)
82 (50.62)
5.01 ± 2.11
44.62 ± 8.17

21 (50)
21 (50)
4.93 ± 2.96
41.21 ± 6.20

0.936

29 (17.9)
36 (22.22)
25 (12.35)
44 (27.16)
28 (17.28)
8.99 ± 9.38
4334.179 ± 2493.99

10 (23.81)
11 (26.19)
4 (9.52)
10 (23.81)
7 (16.67)
25.71 ± 2.17
3290.163 ± 2019.79

0.736

54 (33.33)
108 (66.67)

12 (28.57)
30 (71.43)

Age (yr)
Gender
Male
Female
Vertical transmission of infection history
Yes
No
Time to undetectable HBV DNA
Sustained time of antiviral
Drugs used
Lamivudine
Adefovir
Telbivudine
Entecavir
Lamivudine + Adefovir
Follow-up time of cessation, mo
Level of HBsAg at the end of therapy (IU/L)
Genotype
B
C

P value

0.819
0.110

< 0.0001
0.013
0.557

HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

Table 2 Factors associated with virological relapse by Cox regression
Factors

Univariate analysis

Age
Gender
Male
Female
Vertical transmission of infection history
Yes
No
Time to undetectable HBV DNA
Sustained time of antiviral
Drugs used
Lamivudine
Adefovir
Telbivudine
Entecavir
Lamivudine + Adefovir
Level of HBsAg at the end of therapy (LgIU/L)
Genotype
B
C

Multivariate analysis

1

RR

Wald

95%CI

P value

RR

Wald

95%CI

P value

0.996

0.285

0.981-1.011

0.592

0.996

0.231

0.980-1.012

0.996

0.914

0.298

0.662-1.262

0.585

0.956

0.061

0.067-1.364

0.805

1.064
1.041
1.022

0.155
1.162
4.671
1.807

0.782-1.448
0.967-1.121
1.002-1.042

0.694
0.281
0.031
0.771

1.063
1.069
1.017

0.139
1.644
2.17
2.018

0.769-1.470
0.965-1.184
0.995-1.04

0.71
0.2
0.141
0.733

1.011
1.333
0.985
0.991
1.971

0.002
1.109
0.004
0.001
6.542

0.614-1.666
0.781-2.278
0.620-1.565
0.589-1.667
1.172-3.316

0.964
0.292
0.949
0.973
0.011

0.834
1.233
1.112
0.872
2.041

0.427
0.494
0.153
0.228
5.303

0.485-1.436
0.687-2.212
0.652-1.898
0.496-1.531
1.098-3.194

0.514
0.482
0.696
0.633
0.021

0.942

0.142

0.690-1.285

0.706

0.981

0.014

0.712-1.348

0.905

1

1

1

1

1

1

1

1

1

Cox regression, method: enter; If method is “stepwise”, only “Level of hepatitis B surface antigen (HBsAg) at the end of therapy” in the equation; RR = 1.971,
95%CI: 1.172-3.316, P = 0.011; 2Log likelihood = 1534.221. HBV: Hepatitis B virus.

HBsAg level were associated with virological relapse
in the HBeAg-negative CHB patients. Meanwhile, the
stepwise multivariate analysis revealed that only post
treatment HBsAg level was associated with virological
relapse (RR = 1.971; 95%CI: 1.172-3.316; P = 0.011;
Table 2).

IU/L). The cumulative risk of virological relapse was
higher in the HBsAg level ≥ 1500 IU/L group than in
the HBsAg level < 1500 IU/L group (HR = 2.0730;
95%CI: 1.4247-3.0164 and HR= 0.4824; 95%CI:
0.3315-0.7019, respectively; P = 0.0013; Figure 2).

ROC curve of the HBsAg levels for prediction of
virological relapse

Virological relapse associated with different HBsAg
levels

The ROC curve of the post treatment HBsAg serum
levels for predicting virological relapse is shown in
Figure 3. The area under the curve was 0.603 (95%CI:

We divided the patients into 2 groups according to
post treatment HBsAg level (≥ 1500 and < 1500

WJG|www.wjgnet.com
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100

40

20

40

20
AUC = 0.603

0

0

5

10
15 20
25 30
Follow-up time (mo)

0

35

P = 0.033
0

20

40
60
1-specificity

80

100

Figure 2 Cumulative probability of virological relapse in different levels of
hepatitis B surface antigen.

Figure 3 Receiver operating characteristic curve of levels of hepatitis B
surface antigen at the end of therapy for predicting virological relapse.

0.508-0.699, P = 0.033). The cutoff HBsAg value for
predicting virological relapse was 1443 IU/L, with a
sensitivity of 88.2% and specificity of 30.2% (Figure 3).

the only factor of virological relapse. Age is also related
to sustained response. Some studies demonstrated
that patients younger than 36 years old have a high
sustained response to lamivudine. Other studies found
that age younger than 40 years old is significantly
associated with sustained response and higher HBeAg
seroconversion. This can be explained by the level of
immune activity in relation to age. However, we did
not find any significant association of age to virological
relapse in the HBeAg-negative patients. Genotype is
another factor associated with sustained virological
response. This fact was demonstrated by Kao et al
who followed up 146 Taiwanese adult HBeAg-positive
hepatitis B carriers for a mean of 52 mo and tested
them for HBV genotype by using a molecular method.
During the follow-up period, genotype C patients
had a significantly lower rate of spontaneous HBeAg
seroconversion than genotype B patients. Another
[19]
report from Japan demonstrated that compared with
genotype C patients, genotype B patients had a lower
rate of HBeAg positivity. However, we did not find any
significant association of HBV genotype to virological
relapse in the HBeAg-negative patients.
Serum HBsAg level has been used as a hot
biomarker since serum HBsAg level was proven to
be associated with the amount of covalently closed
[20,21]
circular DNA in the liver
. In studies of the natural
history of HBV, lower serum HBsAg levels were
associated with improved immunity to eradicate the
[22,23]
virus
. Moreover, in this open-label multicenter
study, 379 nucleos(t)ide-naive patients with HBeAgpositive or HBeAg-negative CHB were randomized and
treated with daily ETV or in combination with tenofovir
for 100 wk. Greater decline in HBsAg level within 96
wk of treatment was observed in the HBeAg-positive
patients, especially in those who achieved subsequent
[24]
[25]
HBeAg loss . A recent report
showed that longterm ETV treatment achieved only a slow decline in
serum HBsAg level, in contrast to the profound HBV
DNA suppression.

DISCUSSION
In China, more than 4 kinds of nucleos(t)ide analogues
(NUCs), such as LAM, ADV, LDT and ETV, are used as
treatment agents for chronic HBV infection and are
considered for partial reimbursement by the national
health insurance system. However, these drugs are
expensive for most Chinese people and have uncertain
[14-16]
efficacies in long-term treatment
. Most CHB
patients cannot afford long-term antiretroviral therapy
and most hepatologists recommend NUC therapy
discontinuation when it reaches the withdrawal
standard indicated in the guidelines in China. In our
report, the 2 and 1 year cumulative risks of virological
relapse after antiviral therapy discontinuation were
79.41% and 43.82% (71/162), respectively, similar to
[17]
those reported by Liang et al who reported a 1 year
cumulative risk of virological relapse of 47% in HBeAgnegative patients. However, the follow-up period in
this study was only 1 year and the total number of
observed cases was only 43. Nevertheless, we found
an increasing virological relapse rate with longer follow[12]
up time. Pan et al recruited 162 HBeAg-positive CHB
patients and reported that the 6 and 48 mo cumulative
relapse rates after therapy discontinuation were
[18]
29.2% and 82.5%, respectively. In another report ,
among 61 HBeAg-negative patients who had received
lamivudine for at least 2 years (HBV DNA level >
10000 copies/mL), 37% and 56% had a relapse
in 1 year and 5 years, respectively. These studies
showed comparable results that indicate an increasing
virological relapse rate with longer follow-up.
Some factors have been reported to be associated
with the risk of relapse after NUC therapy discon
tinuation in HBeAg-positive patients. Yeh et al and Fung
et al found that the pretreatment HBV-DNA level was

WJG|www.wjgnet.com

8657

July 28, 2015|Volume 21|Issue 28|

Ge GH et al . HBsAg levels associated with virological relapse
4

In this study, we showed that serum HBsAg levels
after antiviral therapy discontinuation were associated
with virological relapse. Our findings were congruent
with a finding that among 53 HBeAg-negative patients
who discontinued lamivudine treatment, the 5 year
cumulative probabilities of sustained response and
HBsAg clearance among the patients with HBsAg levels
≤ 2 log IU/mL were higher than among those with
[26]
HBsAg levels > 2 log IU/mL .
In conclusion, we investigated the virological
relapse rate and analyzed the factors of recurrence
after NUC therapy discontinuation in HBeAg-negative
patients. As a result, we found that post treatment
HBsAg levels predict virological relapse.
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Core tip: This is the first report of boceprevir, PEGylated
interferon and ribavirin in PEGylated interferon
treatment failures in the Asia-Pacific and showed
an overall sustained virological response at week
12 (SVR12) of 61%. Asians were compared with
Caucasians and had similar SVR12 results: Asians
59.3% and Caucasians 63.5%. On-treatment responses
at week 4, 8 and 12 predicted SVR12. Multivariate
analysis showed that treatment week 8 and 12 were
independent predictors of SVR12. Serious adverse
events occurred in 18.6%, comprising sepsis (2%),
decompensation (2.7%) and blood transfusion (14%).
Discontinuations occurred in 30.7%.
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Abstract
AIM: To examined the efficacy and safety of treatment
with boceprevir, PEGylated-interferon and ribavirin (PR)
in hepatitis C virus genotype 1 (HCVGT1) PR treatmentfailures in Asia.

Sukeepaisarnjaroen W, Pham T, Tanwandee T, Nazareth S,
Galhenage S, Mollison L, Totten L, Wigg A, Altus R, Colman
A, Morales B, Mason S, Jones T, Leembruggen N, Fragomelli V,
Sendall C, Guan R, Sutedja D, Tan SS, Dan YY, Lee YM, Luman
W, Teo EK, Than YY, Piratvisuth T, Lim SG. Boceprevir earlyaccess for advanced-fibrosis/cirrhosis in Asia-pacific hepatitis C
virus genotype 1 non-responders/relapsers. World J Gastroenterol
2015; 21(28): 8660-8669 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i28/8660.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8660

METHODS: The Boceprevir Named-Patient Program
provided boceprevir to HCVGT1 PR treatment-failures.
Participating physicians were invited to contribute
data from their patients: baseline characteristics, ontreatment responses, sustained virological response
at week 12 (SVR12), and safety were collected and
analysed. Multivariate analysis was performed to
determine predictors of response.
RESULTS: 150 patients were enrolled from Australia,
Malaysia, Singapore and Thailand (Asians = 86,
Caucasians = 63). Overall SVR12 was 61% (Asians
= 59.3%, Caucasians = 63.5%). SVR12 was higher
in relapsers (78%) compared with non-responders
(34%). On-treatment responses predicted SVR, with
undetectable HCVRNA at week 4, 8 and 12 leading to
SVR12s of 100%, 87%, and 82% respectively, and
detectable HCVRNA at week 4, 8 and 12, leading to
SVR12s of 58%, 22% and 6% respectively. Asian
patients were similar to Caucasian patients with regards
to on-treatment responses. Patients with cirrhosis (n
= 69) also behaved in the same manner with regards
to on-treatment responses. Those with the IL28B CC
genotype (80%) had higher SVRs than those with
the CT/TT (56%) genotype (P = 0.010). Multivariate
analysis showed that TW8 and TW12 responses were
independent predictors of SVR. Serious adverse events
occurred in 18.6%: sepsis (2%), decompensation
(2.7%) and blood transfusion (14%). Discontinuations
occurred in 30.7%, with 18.6% fulfilling stopping rules.

INTRODUCTION
Over 170 million people globally may be infected with
[1]
[2]
hepatitis C virus (HCV) , many of whom live in Asia .
In many Asian countries, the standard-of-care still
remains a combination of PEGylated-interferon and
ribavirin (PR), which achieves a sustained virological
response (SVR) in approximately 50% of Caucasian
[3]
HCV genotype 1-infected subjects . However, in Asia,
the largest randomized control study showed 74%
SVR with 48 wk of PR because of the prevalence of
the IL28B good-responder (CC) genotype in 80%
[4]
of their patients , the most common genotype in
[5]
Asians . However, many Asians have failed therapy;
therefore, a substantial unmet need remains for more
effective anti-HCV treatments in patients who may
otherwise progress to liver cirrhosis and hepatocellular
carcinoma.
Boceprevir is a protease inhibitor that is active
[6]
against genotype 1 HCV. In the SPRINT-2 study ,
treatment-naïve genotype 1 patients randomized
to the boceprevir and PR (BPR) response guided

CONCLUSION: Boceprevir can be used successfully
in PR treatment failures with a SVR12 > 80% if
they have good on-treatment responses; however,
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therapy arm achieved 67% SVR, while BPR fixed
duration achieved 68% SVR and PR achieved 40%.
[7]
In PR treatment failures (RESPOND-2 study) , BPR
response guided therapy patients achieved 59% SVR,
while BPR fixed duration therapy achieved 66%, and
PR achieved 21% SVR. Only 36 Asian patients were
[8]
included out of a total of 2095 patients in the pivotal
boceprevir phase 3 studies, and only 24 received BPR.
Asians achieved 67% SVR compared with 34% in nonAsians with PR, and 79.2% achieved SVR in Asians and
62.3% in non-Asians with BPR. Consequently, there
are very limited data on boceprevir therapy in Asians,
and no information on the efficacy of boceprevir in PR
treatment failures.
With the approval of boceprevir, Merck Sharpe and
Dohme instituted a global early access program in
those with prior treatment failures (Boceprevir Named
[9]
Patient Program, BNPP), of which the CUPIC study
was one of the first reports. The BNPP provided an
opportunity to characterize the response of Asians to
boceprevir, in prior treatment failures.

the patient meets any of the following exclusionary
hematological and biochemical criteria (documentation
required): (1) hemoglobin < 12 g/dL for females and
3
< 13 g/dL for males; (2) Neutrophils < 1500 mm
3
(blacks < 1200 mm ); and (3) platelets < 100000
3
mm .
The patient has an organ transplant other than
cornea or hair. The patient is co-infected with human
immunodeficiency virus (HIV) or hepatitis B virus
(HBsAg positive). The patient requires, or is anticipated
to require, any of the following prohibited medications:
midazolam, pimozide, amiodarone, flecainide,
propafenone, quinidine, and ergot derivatives.
The patient with a clinical diagnosis or evidence of
substance abuse involving alcohol, intravenous drugs,
inhalational (not including marijuana) psychotropics,
narcotics, cocaine prescription or over-the-counter
drugs. Patients receiving opiate substitution therapy
monitored by a physician may be enrolled at the
investigator's discretion. A patient previously showing
clinically significant hypersensitivity or other con
traindication to any component of the boceprevir
formulation. This drug contains lactose. Patients with
rare hereditary problems of galactose intolerance,
the Lapp lactase deficiency, or glucose-galactose
malabsorption should not take this medicine. Serious
illness, including malignancy, active coronary artery
disease or cardiac dysfunction within 24 wk prior to
study entry, that in the opinion of the site investigator
may preclude completion of the treatment regimen.
Hemoglobinopathy (e.g., thalassemia), coagulopathy
or any other cause of, or tendency to, hemolysis or
bleeding.

MATERIALS AND METHODS
Protocol

In August 2011, Merck Sharpe and Dohme provided
a global early access program for HCV genotype 1
patients who had previously failed therapy with PR.
The inclusion criteria were: (1) the patient must be
18 years or older; (2) the patient must have HCV
genotype 1 infection only (Documentation required)
Note: mixed genotypes including HCV 1 were ineligible;
(3) the patient had previously failed treatment with
PEGinterferon alpha-2b/ribavirin or PEGinterferon
alpha-2a/ribavirin or interferon-minimum of 12 wk
of treatment without dose reduction or interruption;
and (4) the patient must have compensated liver
disease with documented bridging fibrosis or cirrhosis
consistent with chronic hepatitis C and no other
etiology (Documentation required-liver biopsy or noninvasive markers).
Note: patients with cirrhosis should have a liver
imaging study (e.g., ultrasound, CT scan or MRI)
within the preceding 6 months showing no evidence of
hepatocellular carcinoma. (1) The patient meets all of
the requirements and none of the contra-indications
for treatment with PEGinterferon alpha-2b/ribavirin
or PEGinterferon alpha-2a/ribavirin as defined in the
labels for the PEGinterferon and ribavirin to be used
in combination with boceprevir; and (2) the patient is
able and willing to provide signed informed consent
(prepared by and administered by the physician) as
required by local country requirements.
The exclusion criteria were: (1) the patient has
received boceprevir, narlaprevir, telaprevir, or any other
HCV protease inhibitor treatment; (2) the patient has
evidence of decompensated liver disease including, but
not limited to, a history or presence of clinical ascites,
bleeding varices, or hepatic encephalopathy; and (3)

WJG|www.wjgnet.com

Dosing instructions

Treatment for patients without cirrhosis:
Treatment duration was 48 wk: 4 wk of PEGinterferon
alpha + ribavirin, then 32 wk of triple therapy with
PEGinterferon alpha + ribavirin + boceprevir, then 12
wk with PEGinterferon alpha + ribavirin.
Treatment for patients with cirrhosis and patients
who were null responders: Treatment duration
was 48 wk: 4 wk of therapy with PEGinterferon
alpha + ribavirin, then 44 wk of triple therapy with
PEGinterferon alpha + ribavirin + boceprevir. Null
responders were defined as those patients who
previously failed PEG-IFN and ribavirin treatment, and
did not achieve > 2-log10 decline in HCV viral RNA
at TW12 or who had < 0.5-log10 HCV-RNA decline
in viral load at TW4 with PEGinterferon alpha and
ribavirin alone.

Data collection template

Physician: Name, city, country.
Patient: (1) Demographics-age, gender, ethnicity,
weight, height; (2) Type of prior treatment failure; (3)
baseline data: subgenotype, HCV RNA titer, fibrosis
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Table 1 Baseline characteristics of all study patients divided by sustained virological response status n (%)
SVR12(+) (n = 91)
Male gender
Asians
Caucasians
Relapsers
Non-responders
Cirrhosis
IL28B-CC genotype
IL28B-Non-CC genotype
Age
BMI
Albumin (g/L)
Total Bilirubin (µmol/dL)
ALT (U/L)
INR
HCVRNA(× 106 IU/mL)
Hb (g/L)
WBC (× 109/L)
Neutrophil (× 109/L)
Platelets (× 109/L)

69 (75.8)
51 (56.0)
40 (43.9)
62 (68.3)
18 (19.8)
44 (48.4)
37 (40.7)
27 (29.7)
52.4 (50.7-54.2)
26.4 (25.0-27.7)
44.4 (42.9-45.7)
14.2 (10.7-17.7)
86.7 (65.2-108.1)
1.03 (1.01-1.06)
6.2 (3.9-8.4)
14.7 (14.3-15.1)
7.04 (6.2-7.9)
3.8 (3.2-4.4)
171.2 (149.5-192.9)

SVR12(-) (n = 55)
42 (76.4)
31 (56.4)
23 (41.8)
17 (30.9)
32 (58.2)
23 (41.8)
9 (14.5)
21 (38.2)
52.7 (48.6-56.7)
24.6 (22.9-26.3)
44.8 (42.9-45.8)
10.8 (8.4-13.1)
72.4 (47.0-97.9)
1.03 (0.99-1.07)
4.5 (1.9-7.1)
14.4 (13.5-15.3)
6.9 (6.02-7.9)
3.4 (2.9-3.9)
195.3 (163.8-226.7)

P value
0.941
0.970
0.800
< 0.001
< 0.001
0.463
0.001
0.289
0.636
0.735
0.142
0.704
0.061
0.752
0.425
0.743
0.839
0.922
0.425

1

Total (n = 146)
114 (76.0)
86 (57.3)
63 (42.0)
80 (53.3)
53 (35.3)
69 (46.0)
46 (30.7)
48 (32.0)
52.7 (51.1-54.4)
26.1 (24.9-27.4)
44.2 (42.9-45.5)
13.3 (10.9-15.7)
81 (65.4-96.7)
1.04 (1.02-1.06)
5.5 (3.8-7.1)
14.6 (14.2-14.9)
6.9 (6.4-7.6)
3.7 (3.2-4.1)
177.2 (159.9-194.6)

1

Four patients did not have an HCV RNA test for sustained virological response (SVR) at follow-up week 12, hence could not be classified. Categorical
variables are shown as number (%), and continuous data are shown as means (95%CI). Alb: Serum albumin; ALT: Serum alanine aminotransferase; AST:
Serum aspartate aminotransferase; LDH: Lactate dehydrogenase; RNA: HCV RNA; HCV: Hepatitis C virus.

stage (method used for evaluation), LFT, FBC, PT/INR;
(4) on-treatment response: HCV RNA at week 4, 8,
12, 24 and 48 after starting PR; (5) dose adjustments,
termination or interruption: boceprevir, pIFN or
ribavirin; (6) post-treatment response: SVR12; (7)
use of supportive therapy: erythropoietin, G-CSF or
eltrombopag, blood transfusions; and (8) serious
adverse events and adverse events.
The study was approved by each institution’s
Institutional Review Board and overall approval was
provided by the National Healthcare Group Domain
Specific Institutional Review Board (DSRB) under
waiver of consent based on anonymization of patient
identifiers (DSRB number 2012/01032). Consequently,
no informed consent was obtained from patients for
data sharing. The presented data were anonymized
and the risk of identification is low. The study protocol
conformed to the ethical guidelines of the 1975
Declaration of Helsinki.

which has lower limits of detection of 9.3 IU per
milliliter.

On-treatment response

HCV RNA was measured at regular intervals after
starting PR therapy, week 4 (also known as Rapid
Virological Response or RVR), week 8 (4 wk after
starting boceprevir), and week 12 (week 8 after
starting boceprevir), week 24 (week 20 of boceprevir)
and week 48 (week 44 of boceprevir).

Endpoint

The primary endpoint of the study was SVR12.
Secondary endpoints included on treatment responses,
safety (including serious adverse events (SAEs), major
adverse events (AEs) and discontinuations), as well as
predictors of response.

Stopping rules

The stopping rule was based on the BNPP critieria, HCV
RNA > 100 IU/mL at week 12 or HCV RNA detectable
at week 24.

Participants

Asia Pacific physicians who enrolled patients into
the BNPP were invited to participate in the study to
evaluate the results of their patients in the program.
Physicians who agreed to participate had to provide
anonymized information on their patients using a data
collection spreadsheet. Patients who did not have
IL28B polymorphisms tested were invited to provide
a blood sample for this test. A separate consent form
was signed by patients for this test.

Statistical analysis

Statistical analysis was performed using SPSS version
19. The data were analysed using intention-totreat analysis. Descriptive statistics were used for
baseline characteristics. Differences between groups,
time points and ethnicity (Asian vs Caucasian) were
2
compared using Pearson’s χ test. Multivariate Cox
regression was performed to compare HCV RNA
undetectable results between relapser and nonresponder groups, and SVR12, after adjusting for
baseline differences. Multiple logistic regression was
performed for predictors of SVR12. The statistical

HCV RNA testing

Serum HCV RNA levels were measured with the use
of the Cobas TaqMan 2.0 assay (Roche Diagnostics
GmbH, Mannheim, Germany) in almost all cases,
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and null responders] and relapsers or miscellaneous), and in all patients; B: Undetectable HCV RNA at week 4, 8 and 12 in non-responders, relapsers, treatment
naïve and miscellaneous and overall patients groups; C: ETR and SVR rates in Asians vs Caucasians in prior relapsers (Asian = 51; Caucasians = 28) and nonresponders (Asian = 32; Caucasians = 20). Only significant differences are shown.

methods of the study were reviewed by Dr. Y.M. Than,
a biostatistician from the Dept. of Medicine, National
University Health System, Singapore.

80 were relapsers, 53 were non-responders, 11 were
treatment naïve and six were not classifiable (because
of insufficient information during their initial therapy).
The overall ETR rate was 70% and overall SVR rate
was 61% (Figure 1A). In non-responders, the ETR was
51%, while the SVR12 was 34%, while in relapsers
they were 85% and 78% (Figure 1A). A few patients
were inadvertently enrolled who were treatment naïve
(n = 11) and a few who were unclassifiable because
the nature of their previous treatment failure was not
well documented (n = 6). In these patients, the SVR12
rates were 73% and 50% respectively (Figure 1A).

RESULTS
50 patients were evaluated (Asians = 86, Caucasians
= 63, one patient-missing data). Compared with
Asians, Caucasians had more cirrhosis, 61.3% vs
35.3% (P = 0.004), higher BMI, 28.4 vs 26.2 (P =
0.012), lower serum albumin levels, 39.6 vs 43.9 (P
< 0.001), higher ALT levels, 130 U/L vs 80 U/L (P =
6
0.004), lower HCV RNA levels, 3.2 log × 10 IU/mL
6
vs 5.3 log × 10 IU/mL (P = 0.037) and lower platelet
9
9
counts, 159 × 10 /L vs 190 × 10 /L (P = 0.002) (Table
1).

On-treatment responses: The proportion of patients
with undetectable HCV RNA at week 4, 8 and 12 was
9%, 57% and 73%, respectively (Figure 1B). Prior
relapsers had the highest level of undetectable week
4 HCV RNA (16%) compared with non-responders
(2%; P = 0.005), while almost no patients in the
other groups achieved RVR, indicating that the study

Virological responses

Overall results: End of treatment response (ETR) and
sustained virological response. Out of 150 patients,
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A

P = 0.002
100

100%

P < 0.001
87%

90

P < 0.001
82%

80

week 4 response; hence, they were unlikely to affect
treatment results. Treatment week 8 responses were
similar to treatment week 4 responses, where 81% of
relapsers had undetectable HCV RNA compared with
19% of non-responders (P < 0.001). By week 12, 86%
of relapsers had undetectable HCV RNA compared with
53% of non-responders (P < 0.001) (Figure 1B).

HCV RNA (-)
HCV RNA (+)

SVR12 (%)

70
58%

60
50

ETR and SVR12 by prior treatment failure in
Asians vs Caucasians: When comparing Asians with
Caucasians in relapsers, the ETR was higher in Asians
(92%) compared with Caucasians (71%) (P = 0.01);
however, SVR12 was similar for both (79% vs 75%)
(P = 0.577) (Figure 1C). For non-responders, the ETR
and SVR12 was numerically higher in Caucasians (65%
and 50%) compared with Asians (44% and 25%) (P
= 0.166 and P =0.110 respectively) (Figure 1C), but
both were not statistically significant.

40
30

22%

20

6%

10
0

B

14/14 72/124

74/85 11/49

89/108 2/35
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Wk12 resp

P = 0.011
100

100%

HCV RNA (-)

P ≤ 0.001

87%

90

HCV RNA (+)

P ≤ 0.001

SVR12 by on-treatment responses: Those patients
who were HCV RNA undetectable at treatment
week 4, 8 and 12 achieved 100%, 87% and 82%
SVR12 respectively, which was significantly higher
than those with detectable HCV RNA at treatment
week 4, 8 and 12, who achieved 58%, 22% and 6%
SVR12 respectively (P = 0.002, P < 0.001, P < 0.001
respectively) (Figure 2A).
When comparing Asians and Caucasians, similar
findings with regards to SVR12 rates were found in
those who were HCV RNA undetectable at week 4, 8
and 12, regardless of ethnicity (Figure 2B) with SVR12
rates in Asians of 100%, 87% and 79% respectively,
while Caucasians had SVR12 rates of 100%, 88% and
88% respectively. In those with detectable HCV RNA at
week 4, 8 and 12, the SVR12 rates were considerably
lower compared with those with undetectable HCV
RNA. Consequently there was no statistical difference
in SVR between Asians and Caucasians based on
detectable or undetectable HCV RNA at week 4, 8 or
12.

79%

80

SVR (%)

70
60

56%

50
40
30
20

15%
0%

10
0

9/9

37/66

Wk4 resp

45/52

4/26

51/65 0/17
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Wk12 resp

P ≤ 0.001

P ≤ 0.001

P = 0.084
100

100%

88%

90

88%

80

SVR (%)

70

61%

60
50
40

32%

30
20

IL28B results: IL28 genotyping was performed in
only 94 of 150 patients (62.6%). The distribution of
IL28B CC was 48.9% and CT/TT genotype was 51.1%.
In those with IL28B CC genotype, 80% achieved
SVR12, while in those with IL28B CT/TT genotypes,
the SVR12 was 56% (P = 0.010) (Figure 3A). SVR
was higher in both Asians and Caucasians with IL28B
CC genotype (78% and 100%) compared to non-CC
genotypes (48% and 65% respectively) (P = 0.011
and P = 0.089 respectively) (Figure 3B). In those who
had undetectable HCV RNA at week 4, 8 and 12, the
proportion of IL28B CC vs CT/TT genotype was 9% vs
6%, 78% vs 56%, and 91% vs 73%, respectively (P
= 0.716, P = 0.017, P = 0.031, respectively) (Figure
3C). In non-responders, the proportion with IL28B
CC genotypes were similar in patients who achieved
SVR12; however, in relapsers there was a higher
proportion of patients with IL28B CC (86%) compared

12%

10
0

5/5

35/57

Wk4 resp

29/33

7/22

Wk8 resp

38/43 2/17

Wk12 resp

Figure 2 Sustained virological response by on-treatment response. A:
SVR based on undetectable hepatitis C virus (HCV) RNA at week 4, 8 and 12
compared with detectable HCV RNA at the same time points; B: SVR in Asians
compared with Caucasians when HCV RNA was undetectable at treatment
week 4, 8 or 12 compared with those with detectable HCV RNA at the same
time points. Significant differences are shown. Only significant differences are
shown.

truly was enriched for treatment poor responders who
are unlikely to have achieve RVR. Moreover, the 11
patients who were treatment naïve and six patients
who had insufficient information on prior treatment
failure, behaved as treatment failures, based on their

WJG|www.wjgnet.com

8665

July 28, 2015|Volume 21|Issue 28|

Sukeepaisarnjaroen W et al . BEACON study

A

B
100

100

P = 0.010

90

SVR12 (%)

SVR12 (%)

56%

40

20
37/46

Non-CC

CC

0

P = 0.031

90

P = 0.017

80

78%

60

D

IL28B CC
IL28B CT/TT

91%

17/26

Asians (%)

6/6

Caucasians (%)

100

70
SVR12 (%)

40

0

31/40

P = 0.027

IL28B CC
IL28B CT/TT

86%

80

73%
56%

P = 0.472

60
50

60%

56%
47%

40
30

P = 0.716
9%

10/21

90

50

10

48%

10
27/48

100

20

65%

40

20

70
SVR12 (%)

50

30

30

CC

60

30

10

C

Non-CC

78%

70

50

0

P = 0.011

80

70
60

100%

90

80%

80

P = 0.089

20
10

6%

4/46 3/48

36/46 27/48

42/46 35/48

Wk4 resp

Wk8 resp

Wk12 resp

0

9/19

5/9

12/2

Non-responder (%)
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Figure 3 Sustained virological response by IL28B genotype. A: Sustained virological response (SVR) rates by IL28B CC vs non-CC genotypes; B: SVR rates in
Asians vs Caucasians by IL28B CC vs non-CC genotype; C: SVR by undetectable hepatitis C virus (HCV) RNA at treatment week 4, 8 and 12 comparing IL28B CC vs
non-CC genotype; D: SVR in prior non-responders and relapsers comparing IL28B CC vs non-CC genotypes. Significant differences are shown.

Multivariate analysis of baseline and on-treatment
predictors of SVR12

with non-CC genotypes (60%) (P = 0.027) (Figure
3D). Consequently, the IL28B CC genotype seemed
to be an important factor in achieving SVR only in
relapsers (Figure 3D).

Baseline and on-treatment variables were compared
in patients who achieved SVR12 vs those who did
not (Table 1). Univariate analysis showed that prior
history of relapse, undetectable HCV RNA at week 4, 8
and 12, and IL28B CC genotype were associated with
SVR12. On multivariate analysis, week 8 (RR = 0.205,
95%CI: 0.052-0.810) and 12 response (RR = 0.036,
95%CI: 0.006-0.200) were significant predictors
of SVR12. Notably, IL28B CC genotype was not a
significant predictor of SVR in this population of prior
treatment failures.

SVR12 in cirrhosis: A total of 69 patients had liver
cirrhosis. Those that had undetectable HCV RNA at
week 4, 8 and 12 had SVR12 rates of 100%, 92%
and 83%, respectively, but if they had detectable HCV
RNA at week 4, 8 and 12, the SVR12 rate was 64%,
27% and 0%, respectively (Figure 4A) (P = 0.14, P <
0.001, P < 0.001 respectively). There was a significant
difference in SVR12 when comparing cirrhotic relapsers
(81%) to non-responders (40%) (Figure 4B, P =
0.005). When comparing Asians with Caucasians, the
results were not significantly different with regards to
SVR12 rates when HCV RNA was undetectable at week
4, 8 and 12: 100% vs 100% at week 4, 86.5% vs
87.8% at week 8, and 78.4% vs 88.4% at week 12 (P
= not significant for all). In those who had detectable
HCV RNA at week 4, 8 and 12, the SVR was lower
both in Asians and Caucasians, with no significant
differences between them (Figure 4C).

WJG|www.wjgnet.com

Safety

Serious adverse events: Twenty-eight SAEs were
reported (18.6%). These comprised sepsis (3/150,
2%), liver decompensation (4/150, 2.6%) and blood
transfusions (21/150, 14%). Asians and Caucasians
showed similar rates of development of SAEs,
except for sepsis, which was seen more frequently in
Caucasians (Table 2). Univariate analysis showed that
age, male gender, white blood count and hemoglobin
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Figure 4 Sustained virological response by Cirrhosis. A: Sustained virological response (SVR) in cirrhotic patients (n = 69), based on their on-treatment response
at week 4, 8 and 12; B: SVR rates in cirrhotics based on their on-treatment responses, comparing Asians (n = 30) vs Caucasians (n = 39). Significant differences are
shown.

were significantly associated with SAEs. Multivariate
analysis showed that only older age was a significant
protective factor for SAEs (RR = 0.895, 95%CI:
0.809-0.991).

Differences between Asians and Caucasians:
Significant differences were found in SAE, AE and
discontinuations between Asians and Caucasians (Table
2). Caucasians had significantly higher levels of sepsis,
neutropenia, skin rash, weight loss, dysgusia, diarrhea
and higher discontinuations than Asians.

Adverse events: Table 2 lists the most common AEs
reported. By far the most common was anemia (Hb
< 10 g/dL), which occurred in 52% of patients. More
severe anemia (Hb < 8 g/dL) occurred in 16.7% of
patients. The next most common AEs were dysgusia
(46%), weight loss (36.7%) and skin rash (18%) (Table
2).

DISCUSSION
This was is the first study of boceprevir treatment in
Asian patients who had failed PR therapy, a group of
difficult-to-treat patients that are poorly characterized.
The study had an important advantage in being
able to compare responses in Asian and Caucasian
patients. The overall SVR was 61%, and in general,
Asians and Caucasians behaved in a similar fashion,
with no significant differences between them. When
examining on-treatment responses, patients who had
undetectable HCV RNA at week 4, 8 or 12 had SVR12
> 80%, for both Asians and Caucasians. For those
who had detectable HCV RNA at those time points,
SVR12 was significantly lower. In cirrhotic patients, the

Discontinuations: Forty-six patients discontinued
therapy (30.7%). Of these 28 (18.6%) fulfilled
stopping rules, which was similar in Asians (17.4%)
compared with Caucasians (19%). Thirteen (28.3%)
developed AEs leading to therapy discontinuation,
more in Caucasians (14.2%) than in Asians (4.6%),
and five (10.9%) stopped for a variety of reasons,
including urgent surgery, loss to follow up and
withdrawal of consent (Table 2).
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CUPIC study, while non-responders (null and partial
responders) had SVR12 of 34%, which was similar to
the partial responders in the CUPIC study.
However it became apparent that in real life
[9]
scenarios, such as the CUPIC study , there were
major safety concerns of severe complications in
boceprevir treated patients, including an SAE rate
of 32.7%, premature discontinuations of 26.3%,
mortality of 0.5%, sepsis of 2.4% and hepatic
decompensation of 2.9%. Low platelet counts and low
serum albumin were predictors of the development
of such complications. In our study, the proportion
of patients with SAEs was only 18.6%, with no
mortality but comparable rates of sepsis (2%) and
hepatic decompensation (2.6%). Discontinuation
rates were similar (30.6%) to CUPIC, with 18.6%
of patients discontinuing because of stopping rules,
while only 8.6% discontinued because of AEs. With
regards to AEs, they were similar to those reported
in CUPIC. Consequently, our study did not sound the
same alarm bells as the CUPIC study, but may be a
reflection of our patients, who had less advanced liver
disease. However, we did find that Caucasian patients
had significantly higher rates of AEs and higher
discontinuations than Asians.
In conclusion, this study provided the first report
of efficacy and safety in Asian HCV genotype 1
patients with prior treatment failure, and shows that
boceprevir is a useful and important agent. Patients
with advanced fibrosis or cirrhosis may experience
liver disease progression and should be considered
for therapy immediately. Response guided therapy
can guide good responders, while limiting exposure
for poor responders, particularly because tolerance
seems to be reasonable in our patients. However, the
overall SVR of 61% in prior PR treatment failures, and
particularly the 34% SVR in non-responders, indicated
that the second generation direct-acting antivirals are
needed in Asia. In the long term, oral interferon-free
regimens represent the ideal therapy, but these have
yet to be be approved.

Table 2 Serious adverse events, adverse events and
discontinuations n (%)
Asian

n = 86
SAEs
Death
Sepsis
Decompensation
Blood transfusions
AEs
Anemia (< 10 g/dL)
Anemia (< 8 g/dL)
Neutropenia
(< 500 cells/dL)
Neutropenia
(< 100 cells/dL)
Thrombocytopenia
(< 30000/dL)
Skin Rash
Weight loss
Dysgusia
Diarrhea
Nausea
Discontinuations
Due to AEs
Fulfilled stopping rules
Others

Caucasian P -value
n = 63

Total

1

n = 150

15 (17.4)
0 (0)
0 (0)
1 (1.2)
16 (18.6)

13 (20.6)
0 (0)
3 (4.8)
3 (4.8)
5 (7.9)

0.613
NA
0.038
0.168
0.076

28 (18.6)
0 (0)
3 (2)
4 (2.6)
21 (14)

40 (46.5)
14 (16.3)
1 (1.2)

38 (60.3)
11 (17.5)
7 (11.1)

0.088
0.839
0.008

78 (52)
25 (16.7)
8 (5.3)

12 (13.9)

10 (15.9)

0.736

22 (14.7)

2 (2.3)

5 (7.9)

0.108

7 (4.7)

8 (9.3)
25 (29.1)
21 (24.4)
1 (1.2)
9 (10.5)
19 (22)
4 (4.6)
15 (17.4)
0 (0)

19 (30.2) 0.001
30 (47.6) 0.003
48 (76.2) < 0.0001
5 (7.9)
0.037
12 (19.0) 0.134
26 (41)
0.023
9 (14.2) 0.052
12 (19)
0.175
5 (7.9)
0.033

27 (18)
55 (36.7)
69 (46)
6 (4)
21 (14)
46 (30.6)
13 (8.6)
28 (18.6)
5 (3.3)

1

One patient had missing data on ethnic background and hence could not
be classified as Asian or Caucasian. The rate of serious adverse events
(SAE), adverse events (AE) and discontinuations comparing Asians with
Caucasians. Univariate analysis shows significant differences between
Asians and Caucasians.

on-treatment responses were similar to non-cirrhotics.
Efficacy was better in those with prior relapse;
however, on-treatment responses were the best guide
to achieving SVR12, with undetectable HCV RNA at
week 4, 8 or 12 providing high SVR12 rates > 80%.
Multivariate analysis confirmed that undetectable HCV
RNA at week 8 and 12 was the strongest predictor
of SVR12. IL28B CC genotype was not a significant
predictor of SVR in this population of prior treatment
failures, suggesting that once treatment has failed,
factors other than IL28B are important. Our SVR12
rates appeared to be similar to the phase 3 RESPOND
[7]
[10]
2 study , but less than the PROVIDE study , where
SVR12 rates for relapsers were 93% and for partial
responders were 67%. Clinical trial patients, however,
are different from real life patients who have more
co-morbidities and more advanced liver disease. In
the final report from the CUPIC study, the overall
SVR12 was 44% of 206 boceprevir treated patients,
with SVR12 of 54.3% in relapsers, 38.3% in partial
[11]
responders and 0% in null responders . The study
only included cirrhotic patients diagnosed by liver
biopsy or non-invasive markers, with a mean MELD
score of 8.1; most patients having a MELD ≤ 10
[11]
(82.5%) . Our overall SVR12 was 61%, superior to
the CUPIC study, but this may reflect the inclusion of
fewer cirrhotic patients (46%) compared with CUPIC
(100%). In our study, patients who had prior relapses
had SVR12 rates of 78%, higher than those in the
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Background

The treatment of hepatitis C virus (HCV) genotype 1 is evolving rapidly and
boceprevir was only approved recently for HCV in many Asia Pacific Countries.
No data on Asian patients and experiences with boceprevir have been reported,
as the clinical studies had only 1% of Asian patients. In addition comparison
with responses in Caucasian patients have not been performed, an important
issue because the distribution of IL28B genotypes is different. Finally, few
reports of rescue therapy in Asian patients who failed PEGylated interferon and
ribavirin have been reported.

Research frontiers

This study contributes significantly to the evolution of HCV genotype 1
treatment and provides strong evidence for rescue therapy in prior treatment
failures to PEGylated interferon and ribavirin.

Innovations and breakthroughs

Boceprevir, PEGylated interferon and ribavirin are suitable rescue therapies for
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Asians who failed PEGylated interferon and ribavirin, particularly in relapsers.
We found that a response-guided strategy could optimize the management of
such patients, leading to a high, sustained virological response (SVR), even in
those with cirrhosis.

7

Applications

Boceprevir is a suitable rescue therapy for PEGylated interferon and ribavirin
treatment failures, particularly in the absence of the new direct acting antiviral
therapies.
8

Peer-review

This study highlights the very important issue of non-responder and relapsers
of PEGylated-interferon ribavirin therapy. These groups of patients need special
treatment to achieve SVR and BOCEPREVIR was tested as an option for these
groups.
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SYSTEMATIC REVIEWS

Current state of laparoscopic parastomal hernia repair:
A meta-analysis
Francis J DeAsis, Brittany Lapin, Matthew E Gitelis, Michael B Ujiki
laparoscopic approaches for parastomal hernia repair
reported in the literature.

Francis J DeAsis, Brittany Lapin, Matthew E Gitelis, Michael
B Ujiki, Section of Minimally Invasive Surgery, Department of
Surgery, NorthShore University Health System, Evanston, IL
60201, United States

METHODS: A systematic review of PubMed and
MEDLINE databases was conducted using various
combination of the following keywords: stoma repair,
laparoscopic, parastomal, and hernia. Case reports,
studies with less than 5 patients, and articles not
written in English were excluded. Eligible studies were
further scrutinized with the 2011 levels of evidence
from the Oxford Centre for Evidence-Based Medicine.
Two authors reviewed and analyzed each study. If
there was any discrepancy between scores, the study
in question was referred to another author. A meta
-analysis was performed using both random and
fixed-effect models. Publication bias was evaluated
using Begg’s funnel plot and Egger’s regression test.
The primary outcome analyzed was recurrence of
parastomal hernia. Secondary outcomes were mesh
infection, surgical site infection, obstruction requiring
reoperation, death, and other complications. Studies
were grouped by operative technique where indicated.
Except for recurrence, most postoperative morbidities
were reported for the overall cohort and not by
approach so they were analyzed across approach.
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RESULTS: Fifteen articles with a total of 469 patients
were deemed eligible for review. Most postoperative
morbidities were reported for the overall cohort, and
not by approach. The overall postoperative morbidity
rate was 1.8% (95%CI: 0.8-3.2), and there was no
difference between techniques. The most common
postoperative complication was surgical site infection,
which was seen in 3.8% (95%CI: 2.3-5.7). Infected
mesh was observed in 1.7% (95%CI: 0.7-3.1), and
obstruction requiring reoperation also occurred in 1.7%
(95%CI: 0.7-3.0). Other complications such as ileus,
pneumonia, or urinary tract infection were noted in
16.6% (95%CI: 11.9-22.1). Eighty-one recurrences
were reported overall for a recurrence rate of 17.4%
(95%CI: 9.5-26.9). The recurrence rate was 10.2%
(95%CI: 3.9-19.0) for the modified laparoscopic
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Sugarbaker approach, whereas the recurrence rate was
27.9% (95%CI: 12.3-46.9) for the keyhole approach.
There were no intraoperative mortalities reported and
six mortalities during the postoperative course.

review (January 1950-December 2014). The search
terms used were various combinations of hernia, repair
stoma, parastomal, ileostomy, colostomy, laparoscopic,
Sugarbaker, non-slit, keyhole, slit, and mesh. References
from other studies were cross-checked for more articles.
Only papers published in English were included. For
studies from the same author group, the most recent
publication was chosen if the patient cohorts were
overlapping. The exclusion criteria for our analysis
were the following: no abstract available, case studies,
experimental studies, cohort less than 5 patients, and
unrelated topic. Articles were reviewed by two authors
(FJD and MEG) using the 2011 levels of evidence from
[20]
the Oxford Centre for Evidence-Based Medicine . If
there was any discrepancy between scores, the study
in question was referred to another author (MBU).
The primary outcome analyzed was recurrence of
parastomal hernia. Secondary outcomes were mesh
infection, surgical site infection, obstruction requiring
reoperation, death, and other complications. All studies
were meticulously reviewed for eligibility. Publication
year, study design, sample size, laparoscopic technique
(Sugarbaker, keyhole, and sandwich), mesh type
used, postoperative morbidity (mesh infection, surgical
site infection, obstruction requiring reoperation,
mortality, and other complications), and follow-up time
were recorded. Studies were grouped by operative
technique where indicated. Except for recurrence,
most postoperative morbidities were reported for
the overall cohort and not by approach so they were
analyzed across approach. To increase sample size
an overall complication rate was calculated as mesh
infection, surgical site infection, obstruction requiring
reoperation, other complications, or death.

CONCLUSION: Laparoscopic intraperitoneal mesh
repair is safe and effective for treating parastomal
hernia. A modified Sugarbaker approach appears to
provide the best outcomes.
Key words: Parastomal; Hernia; Laparoscopic; Repair;
Treatment; Sugarbaker; Keyhole; Sandwich; Ileostomy;
Colostomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Parastomal hernia is a common morbidity
following stoma creation. Outcomes following repair of
such hernias are relatively poor. Given the success of
laparoscopy in repairing ventral hernia, we present the
current laparoscopic options for repairing the defect.
DeAsis FJ, Lapin B, Gitelis ME, Ujiki MB. Current state of
laparoscopic parastomal hernia repair: A meta-analysis. World J
Gastroenterol 2015; 21(28): 8670-8677 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i28/8670.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i28.8670

INTRODUCTION
One of the most frequent complications following
stoma formation is parastomal hernia (PH), which
has been reported to occur in nearly half of patients
within 2 years after repair. Risk factors for PH include
obesity, steroid use, increased age, and increased
[1-4]
intra-abdominal pressure . While patients can be
managed conservatively if they are asymptomatic, 30%
to 70% will eventually require surgical intervention.
Common indications for repair are pain, obstruction,
[2,5,6]
incarceration, and stoma appliance discomfort
.
Options for surgical repair include stoma relocation and
[7,8]
onlay, sublay, or intraperitoneal mesh repair . With
the success of laparoscopic mesh repair for ventral
hernia, such an approach has been applied for PH
repair, and several groups have reported low morbidity
[3,9-16]
and recurrence
. The two most cited minimally
invasive techniques are the Keyhole (KH) and modified
[17-19]
Sugarbaker (SB)
. This review discusses the current
options for laparoscopic parastomal hernia repair and
compares the outcomes for each. The primary focus
was recurrence, and the secondary focus was morbidity
postoperatively.

Statistical analysis

Weighted pooled proportions with 95%CIs were
generated for recurrence rates, mesh infection,
surgical site infection, obstruction, other complications,
mortality, and overall complication rates for each study
reporting rates. The heterogeneity of each pooled
2
estimate was assessed using the Cochran Q χ test and
2
the I statistic. In cases with a significant Cochran’s
2
Q test (P < 0.10) and an I > 50%, estimates were
[21]
summarized using the DerSimonian
and Laird
random-effects model. If significant heterogeneity
was not found, a fixed-effects model was chosen for
summary statistics.
Funnel plots and Egger’s regression test were used to
assess the potential risk of publication bias. Statistical
analyses were performed by a biostatistician using
SAS 9.3 statistical software (SAS Institute, Cary, NC)
and StatsDirect statistical software (StatsDirect Ltd,
Altrincham, United Kingdom; http://www.statsdirect.
com).

MATERIALS AND METHODS

RESULTS

The search strategy used is detailed in Figure 1.
MEDLINE and PubMed databases were queried for this
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were reported for the overall cohort, and not by
approach. As such, the most common postoperative
complication was surgical site infection, which was
seen in 3.8% (95%CI: 2.3-5.7) (Tables 2-4, Figure
2). Infected mesh was observed in 1.7% (95%CI:
0.7-3.1). Obstruction requiring reoperation occurred
in 1.7% (95%CI: 0.7-3.0). There were six mortalities
during the postoperative course. Two patients
[9,14]
died from aspiration events
. One patient died
from hemorrhage secondary to unknown portal
[28]
[23]
hypertension . One patient died due to sepsis .
One patient died from multiorgan failure secondary to
[28]
a hidden bowel injury . One patient died from bowel
[25]
obstruction secondary to lung carcinoma metastasis .
Other complications such as ileus, pneumonia, or
urinary tract infection were noted in 16.6% (95%CI:
11.9-22.1). The overall postoperative morbidity rate
was 1.8% (95%CI: 0.8-3.2) (Table 1).

n = 109
Abstracts screened

n = 82
Titles excluded
No abstract (4)
Non-English (9)
Case study (15)
Off-topic (54)

n = 27
Studies screened for
eligibility
n = 12
Studies excluded
Updated data available (2)
< 5 patients (7)
Follow-up < 1 yr (3)

Recurrence rate

n = 15
Eligible studies
Sugarbaker (3)
Keyhole (5)
Sugarbaker/Keyhole (6)
Sandwich (1)

Eighty-one recurrences were reported overall for a
recurrence rate of 17.4% (95%CI: 9.5-26.9) (Table
2). The recurrence rate was 10.2% (95%CI: 3.9-19.0)
for the modified laparoscopic Sugarbaker approach,
whereas the recurrence rate was 27.9% (95%CI:
12.3-46.9) for the keyhole approach (Table 3, Figure
[3,9,11-16,22-26,28]
3 and Table 4, Figure 4, respectively)
.
One study did not separate recurrence by technique,
so these patients were included only in the overall
recurrence rate and excluded from recurrence rates
[11]
by technique . For the sandwich technique, which
is a combination of the keyhole and the Sugarbaker
[27]
approach, there was 1 recurrence out of 47 repairs .
For the five studies that reported both Sugarbaker and
keyhole repairs, recurrence was lower for Sugarbaker
[3,15,16]
[9]
in 3 studies
, lower for Keyhole in 1 , and equal
[13]
in 1 . Every study had follow-up time of at least 12
mo (Table 1).

Figure 1 Flow-chart of screening criteria.

the aforementioned keywords yielded 108 possible
studies. After initial screening, 25 full-length articles
were retrieved for full assessment with our eligibility
criteria as well as the Oxford levels of evidence.
Upon assessment, 15 studies with a total of 469
patients were deemed eligible based on primary and
secondary outcomes (Figure 1). Six studies reported
results with both modified laparoscopic Sugarbaker
and keyhole repair cohorts. For slit mesh Keyhole
repair, there was a total of 231 patients from eleven
studies. For non-slit mesh modified Sugarbaker repair,
there were a total of 191 patients from nine studies.
One study reported a sandwich two-mesh technique
in a total of 47 patients. Eleven studies used only
expanded polytetrafluoroethylene (ePTFE) mesh for
[3,9,11-14,16,22-25]
repair, either Sugarbaker or keyhole
.
One study used polypropylene mesh for keyhole
[15]
repair and ePTFE for Sugarbaker repair . One study
[25]
used only polypropylene mesh for keyhole repair .
One study used a hybrid ePTFE-polypropylene mesh
[26]
for keyhole repair . One study used a dual layer
polyvinylidene fluoride-polypropylene (PVDF-PP) mesh
[27]
for sandwich repair . For all repairs, the conversion
rate was 3.1% (15 of 469). The primary reasons
for this were bowel perforation and the presence of
[13,22,28]
dense adhesions
. There were no intraoperative
mortalities (Table 1).

DISCUSSION
The emergence of laparoscopy for ventral hernia repair
has yielded numerous benefits for patients, including
quicker recovery and lower postoperative pain. As
such, this approach has been applied to the repair
of parastomal hernia, considering that it is minimally
invasive and may possibly allow for a more precise
repair, as it allows for a better view of the abdominal
[10,22]
wall
. Key steps for the laparoscopic approach are
hernia sac reduction, adhesiolysis, and proper mesh
fixation. As shown in this review, the laparoscopic
approach has been relatively successful for repairing
parastomal hernia, since conversion rates, mesh
infection, surgical site infection, and mortality rates are
reasonably low. Currently, the most cited laparoscopic
techniques for parastomal hernia repair are the
slit mesh Keyhole technique and the non-slit mesh
[17-19]
modified Sugarbaker technique
.

Postoperative morbidity

Except for recurrence, most postoperative morbidities
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Table 1 Study characteristics and complication outcomes
Reference

Year Evidence Technique
level

Safadi
2004
4
KH
LeBlanc
2005
4
KH/SB
Berger
2007
4
SB
Mancini
2007
4
SB
McLemore 2007
4
KH/SB
Muysoms 2008
4
KH/SB
Berger
2008
4
Sandwich
Hansson
2008
4
KH
Craft
2008
4
KH/SB
Pastor
2009
4
KH/SB
Jani
2010
4
KH
Wara
2011
4
KH
Asif
2012
4
KH/SB
Mizrahi
2012
4
KH
Hansson
2013
4
SB
Weighted pooled % (95%CI)

No. of
repairs

Overall
complications

9
12
41
25
19
24
47
55
21
12
9
72
33
29
61

3
4
3
5
11
2
4
6
8
4
2
21
13
6
12
24.9%
(17.9%-32.7%)

Mesh
infection

Surgical site Obstruction
infection

0
0
0
0
0
1
1
1
0
2
0
0
0
0
2
0
2
1
0
2
0
0
0
4
0
4
0
1
1
1
1.7%
3.8%
(0.7%-3.1%) (2.3%-5.7%)

Other
complications

0
1
1
0
1
0
0
0
1
0
0
0
1
1
0
1.7%
(0.7%-3.0%)

Mortality

Follow-up
months

3
0
3
1
1
0
3
1
8
0
2
0
4
0
4
0
4
0
2
0
2
0
17
2
8
0
4
1
9
1
16.6%
1.8%
(11.9%-22.1%) (0.8%-3.2%)

24
20
241
191
20
22
20
361
14
14
13
361
12
28
26

1

Months in median instead of mean.

Table 2 Study characteristics and overall recurrences

Table 3 Study characteristics and recurrences in Sugarbaker

Year

Technique

No. of repairs

Recurrences

Reference

Safadi
2004
LeBlanc
2005
Berger
2007
Mancini
2007
McLemore
2007
Muysoms
2008
Berger
2008
Hansson
2008
Craft
2008
Pastor
2009
Jani
2010
Wara
2011
Asif
2012
Mizrahi
2012
Hansson
2013
Weighted pooled%
(95%CI)

KH
KH/SB
SB
SB
KH/SB
KH/SB
Sandwich
KH
KH/SB
KH/SB
KH
KH
KH/SB
KH
SB

9
12
41
25
19
24
47
55
21
12
9
72
33
29
61

4
1
8
1
2
10
1
20
1
4
0
2
11
13
3
17.4%
(9.5%-26.9%)

LeBlanc
2005
Berger
2007
Mancini
2007
McLemore
2007
Muysoms
2008
Craft
2008
Pastor
2009
Asif
2012
Hansson
2013
Weighted pooled% (95%CI)

Reference

No. of repairs

Recurrences

5
1
41
8
25
1
14
13
2
15
0
3
2
14
0
61
3
10.2% (3.9%-19.0%)

Table 4 Study characteristics and recurrences in Keyhole

KH: Keyhole; SB: Sugarbaker.

The primary differences between keyhole repair
and Sugarbaker repair are the orientation of the bowel
and the presence of a slit in the mesh. In the modified
Sugarbaker approach, the bowel is exteriorized
through the side of the mesh, whereas in the Keyhole
approach the bowel is inserted through a 2 to 3 cm slit
in the center of mesh. Both methods apply the mesh
intraperitoneally. Most studies used ePTFE as their
choice of mesh, and it is thought that this is one of the
reasons for the modified Sugarbaker approach having
lower recurrence rates. According to Hansson et
[29]
al , this is because ePTFE has a tendency to shrink,
which subsequently widens the slit in the mesh.
Because of the enlarged hole, the bowel has a higher
propensity to herniate. The largest Sugarbaker and
Keyhole cohorts using ePTFE mesh have both been
published by Hansson and colleagues in two separate

WJG|www.wjgnet.com

Year

Reference

Year

Safadi
LeBlanc
McLemore
Muysoms
Hansson
Craft
Pastor
Jani
Wara
Asif
Mizrahi
Weighted pooled% (95%CI)

2004
2005
2007
2008
2008
2008
2009
2010
2011
2012
2012

No. of repairs

Recurrences

9
4
7
0
5
11
8
55
20
6
1
9
2
9
0
72
2
19
11
29
13
27.9% (12.3%-46.9%)

[22,25]

studies
. In cohorts of 55 Keyhole repairs and 61
Sugarbaker repairs, they found recurrence rates to be
36% and 5%, respectively. As such, in comparing the
pooled recurrence rates for each technique, it appears
that a modified Sugarbaker approach is superior to
the keyhole approach given that current studies show
lower recurrence rates for the modified Sugarbaker
approach.
[28]
In 2011, Wara et al
published their long-term

8673

July 28, 2015|Volume 21|Issue 28|

DeAsis FJ et al . Laparoscopic parastomal hernia repair
Safadi KH

0.33 (0.07, 0.70)

LeBlanc KH/SB

0.42 (0.15, 0.72)

Berger SB

0.07 (0.02, 0.20)

Mancini SB

0.24 (0.09, 0.45)

McLemore KH/SB

0.58 (0.33, 0.80)

Muysoms KH/SB

0.08 (0.01, 0.27)

Berger Sandwich

0.09 (0.02, 0.20)

Hansson KH

0.11 (0.04, 0.22)

Craft KH/SB

0.38 (0.18, 0.62)

Pastor KH/SB

0.33 (0.10, 0.65)

Jani KH

0.22 (0.03, 0.60)

Wara KH

0.32 (0.21, 0.44)

Asif KH/SB

0.39 (0.23, 0.58)

Mizrahi KH

0.24 (0.10, 0.44)

Hansson SB

0.20 (0.11, 0.32)

Combined

0.25 (0.18, 0.33)
0.0

0.3
0.6
Proportion (95%CI)

0.9

Figure 2 Meta-analysis of proportion of overall complications for all techniques (random effects model; I2 = 69.9%, P < 0.001; Egger’s Bias = 3.13, P = 0.003).
The square size represents the weight of the study, and the horizontal lines represent the 95%CI of the effect estimate.
LeBlanc

0.20 (5.1E-3, 0.72)

Berger

0.20 (0.09, 0.35)

Mancini

0.04 (1.0E-3, 0.20)

Muysoms

0.15 (0.02, 0.45)

Craft

0.00 (0.00, 0.22)

Pastor

0.67 (0.09, 0.99)

Asif

0.00 (0.00, 0.23)

Hansson

0.05 (0.01, 0.14)

Combined

0.10 (0.04, 0.19)
0.0

0.2

0.4
0.6
Proportion (95%CI)

0.8

1.0

Figure 3 Meta-analysis of proportion of recurrences of Sugarbaker (random effects model; I2 = 58.1%, P = 0.020; Egger’s Bias = 1.92, P = 0.068). The square
size represents the weight of the study, and the horizontal lines represent the 95%CI of the effect estimate.
Safadi

0.44 (0.14, 0.79)

LeBlanc

0.00 (0.00, 0.41)

Muysoms

0.73 (0.39, 0.94)

Hansson

0.36 (0.24, 0.50)

Craft

0.17 (4.2E-3, 0.64)

Pastor

0.22 (0.03, 0.60)

Jani

0.00 (0.00, 0.34)

Wara

0.03 (3.4E-3, 0.10)

Asif

0.58 (0.33, 0.80)

Mizrahi

0.45 (0.26, 0.64)

Combined

0.28 (0.12, 0.47)
0.0

0.24

0.48
0.72
Proportion (95%CI)

0.96

Figure 4 Meta-analysis of proportion of recurrences of Keyhole (random effects model; I2 = 87.4%, P < 0.001; Egger’s Bias = 3.10, P = 0.025). The square
size represents the weight of the study, and the horizontal lines represent the 95%CI of the effect estimate.
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results using a composite ePFTE-PP mesh for lapa
roscopic keyhole repair. The PP side was affixed to the
parietal side while the ePFTE side faced the viscera.
With a cohort of 72 patients and a median follow-up of
3 years, they reported 2 recurrences for a recurrence
rate of 3%. However, they also reported relatively
high postoperative morbidity as 5 patients required
reoperation due to mesh-related issues. As stated by
the authors, it remains to be seen whether the low
chance of recurrence is worth the high morbidity.

have been isolated reports of relocating the stoma
[32]
laparoscopically, Garcia-Vallejo et al
presented
a case report of a 65 year old patient whom they
performed a laparoscopic stoma relocation on. After 18
mo of follow-up, the patient reports no recurrence or
[31]
morbidity. As mentioned above, Köhler et al recently
described their single-port technique that combines
stoma relocation and mesh reinforcement, reporting
no recurrences or morbidity after 2.5 mo. Due to the
limited amount of data, it is not possible to make a
firm recommendation for laparoscopic stoma relocation
at this time.

Sandwich repair
[27]

Berger et al recently described their experience with
a two mesh sandwich technique. Using a composite
PVDF-PP mesh, they reported a recurrence rate of 2.1%
(1 of 47). This technique is a combination of both
the Keyhole and modified Sugarbaker approaches.
The first mesh, which consists of PP, is fixated to the
parietal side of the abdomen and a 2 cm gap is created
in the center. The stoma is then threaded through
the slit, and the mesh slit is secured by is tacks and
transfascial sutures. Then, the second mesh, which is
composed of PVDF, is placed under the first mesh. This
mesh covers the entirety of the first mesh as well as
the abdominal wall. The stoma loop is then lateralized
through the side of the second mesh. While outcomes
have been positive after 1 year of follow-up, more
studies are needed to validate these results.

Mesh choice

In all the laparoscopic Keyhole and Sugarbaker
studies reviewed, the choice of mesh was ePTFE, as
it has been shown that use of polypropylene mesh
for intraperitoneal repair results in dense adhesions,
[17,33]
which can subsequently result in mesh erosion
.
The advantage of ePTFE is due to the micropores,
which inhibit tissue ingrowth into the mesh thus
resulting in fewer adhesions. As such, the mesh is
fixated to the fascia using sutures and tacks, and it is
eventually encased by fibrocollagen, fully anchoring
[9,10,27]
it to the fascia
. There is concern that will
cause the mesh to shrink as the surrounding tissue
retracts, and so it advised that at least 4 cm overlap
[25]
be used . While ePTFE mesh is compatible with the
Sugarbaker approach, it has not had the same success
with the Keyhole approach. This is because of ePTFE’
s propensity to shrink, which in the Keyhole method
causes the mesh slit to widen. Combined with the
forces from intra-abdominal pressure, recurrence
[22]
becomes much more likely .
There have been a couple reports regarding
[28]
the use of hybrid mesh types. Wara et al
used a
ePTFE-PPM hybrid for the Keyhole approach. While it
resulted in 3% recurrence, there were mesh-related
complications requiring reoperation in 7% of patients.
[27]
Berger
and Bientzle used a PVDF-PPM combination
for their sandwich repairs. They reported mesh-related
complications in 8% of patients (4 of 47). One was a
wound infection while the other three were revisions.
More data is needed before combination mesh types
can be recommended.
While short-term outcomes have been relatively
well-covered, there is a paucity of long-term (i.e., 5
years or more) follow-up. The longest reported for
the Keyhole and Sugarbaker approaches have been
[22,25]
3 years and 2 years, respectively
. Thus, given
the short-term success of the modified Sugarbaker
approach, the next question to be answered is the
longevity of repair: will patients still be recurrence
and infection free? In fact, one of the concerns with
ePTFE is that it is more prone to infection because it
[34]
is hydrophobic and microporous . While this review
found low rates of infection in studies using ePTFE,
outcomes were short-term, and it is possible that

Single-port laparoscopic repair

A single-port laparoscopic approach is the newest
development for parastomal hernia repair. Earlier
this year, two institutions reported their initial results
[30]
following this approach. Tran et al
reported their
outcomes using a single-port modified Sugarbaker
technique in 5 patients. Their choice of mesh was
ePTFE. With a mean follow-up of 12 mo, they report
no recurrences, morbidity, or mortality. Köhler
[31]
et al
report their outcomes with a single-port
approach using their novel technique that combines
stoma relocation and mesh reinforcement via an
intraperitoneal onlay approach. They used a composite
PVDF-PP mesh wherein the PVDF side was affixed
to the viscera while the PP side was oriented to the
contents of the abdomen. With a mean follow-up of
10.5 wk, they also report no recurrences, morbidity or
mortality. However, two patients did require additional
port insertion due to the presence of dense adhesions
and scarring. Although both groups have had positive
experiences so far, studies with higher power and
longer follow-up are needed to assess the viability of
single-port repair as a potential option.

Stoma relocation

Open stoma relocation has long been associated
with poor outcomes primarily because in creating
another stoma, the hernia risk is not actually reduced
but instead increased further. However, there
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studies for the review and list of references are appropriate.

longer and more complete follow-up may change
these results. Shrinkage of the mesh is also a concern,
[35]
but Carter
and colleagues demonstrated minimal
mesh shrinkage in the clinical setting, with an average
shrinkage of 6.7% in 815 patients.
In conclusion, based on this current review,
laparoscopic intraperitoneal mesh repair is an effective
means for surgically treating parastomal hernia. The
non-slit mesh modified Sugarbaker approach and
the slit mesh Keyhole approach are currently the
most reported options for laparoscopic repair. When
choosing between the two, a modified Sugarbaker
technique appears to be a superior method given
the low recurrence rates compared to the keyhole
technique if an ePTFE mesh is used. Other techniques
include a single-port approach and a two mesh
sandwich technique. Though these techniques have
shown promising outcomes, more studies are needed
to assess their efficacy. Overall, the majority of studies
concerning laparoscopic intraperitoneal mesh repair
for parastomal hernia have been retrospective with
relatively small cohorts. Although results have been
positive, the scarcity of well-powered controlled
prospective, comparative studies with long-term
follow-up makes it difficult to definitively recommend
one laparoscopic approach over another.
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SYSTEMATIC REVIEWS

Screening for pancreatic cancer in familial high-risk
individuals: A systematic review
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Abstract
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METHODS: Studies were identified by searching
PubMed, EBSCO, ClinicalTrials.gov and the Cochrane
database from database inception to June 2014.
We also obtained papers from the reference lists of
pertinent studies and systematic reviews. Englishlanguage trials and observational studies were searched.
The key words used as search terms were “screening”
and “surveillance”. Cost-effectiveness, diagnostic rate,
survival rate, mortality and adverse events were the
outcomes of interest. Age, sex, lifestyle and other
confounding factors were also considered. However,
anticipating only a few of these studies, we also included
observational studies with or without control groups. We
also included studies concerning the anxiety associated
with pancreatic cancer risk and other psychological
changes in familial HRIs. We extracted details on study
design, objectives, population characteristics, inclusion
criteria, year of enrollment, method of screening,
adjusted and unadjusted mortality, cost-effectiveness
and adverse events from the included studies. Studies
were assessed using the Reporting of Observational
studies in Epidemiology (STROBE) checklist.

AIM: To analyze the benefits and harms of pancreatic
cancer screening in familial high-risk individuals (HRIs).
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RESULTS: Sixteen studies on pancreatic cancer
screening were included. Five studies included control
groups, nine were observational studies without control
groups, and the other two studies investigated the
worry associated with pancreatic cancer risk. We found
that pancreatic cancer screening resulted in a high
curative resection rate (60% vs 25%, P = 0.011), longer
median survival time (14.5 mo vs 4 mo, P < 0.001),
and higher 3-year survival rate (20% vs 15.0%, P =
0.624). We also found that familial HRIs had a higher
diagnostic rate of pancreatic tumors than controls (34%
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vs 7.2%, P < 0.001). In patients who underwent regular

the high mortality rate include a low early diagnostic
rate, low eradication rate, and poor radiotherapy and
chemotherapy response rates. Almost half of patients
with early stage pancreatic cancer are asymptomatic.
Once detected, the 4-year survival rate can increase
to 78% following resection of pancreatic cancers < 2
[3]
cm . The detection of pancreatic cancer in the early
stage affects prognosis in the pancreatic cancer highrisk population, especially familial high-risk individuals
(HRIs).
There is a familial aggregation of pancreatic cancer.
Familial HRIs are defined as families with at least
two first-degree relatives, suggesting an autosomal
[4]
dominant penetrance . Some researchers have
suggested that individuals with three or more affected
family members, one of whom must be a first-degree
relative, are considered high-risk individuals and
[5]
should undergo screening . Persons who do not fit
into this category can be classified as having sporadic
pancreatic cancer.
The risk and incidence of pancreatic cancer
is exceptionally high in familial pancreatic cancer
kindred, where at least three first-degree relatives
[6]
have already been diagnosed with pancreatic cancer .
There was a 57-fold increased risk of pancreatic
cancer in these individuals compared with surveillance
[6]
findings . A meta-analysis that included nine studies
indicated a significant increase in pancreatic cancer
risk associated with having an affected relative, with
[7]
an overall summary relative risk of 1.80 . Therefore,
targeted screening of familial HRIs may detect
potential pancreatic neoplasms or precursor lesions,
including pancreatic intraepithelial neoplasia (PanIN),
intraductal papillary mucinous neoplasms (IPMNs) and
[8]
mucinous cystic neoplasms (MCNs) . More and more
professional societies recommend pancreatic cancer
screening using imaging studies or other methods,
primarily in patients at high risk for pancreatic cancer.
However, the recommendations for pancreatic cancer
screening include some questionable points. The costeffectiveness, concern regarding pancreatic cancer
risk, screening test accuracy, and attitude to cancer
screening should be taken into consideration.
In this study, we conducted a systematic review to
analyze the benefits and harms of pancreatic cancer
screening in familial HRIs.

physical examinations, more stage Ⅰ pancreatic cancers
were observed (19% vs 2.6%, P = 0.001). In addition,
endoscopic ultrasonography, which was the main means
of detection, diagnosed 64.3% of pancreatic cancers.
In comparison, endoscopic retrograde cannulation
of the pancreas, magnetic resonance imaging, and
computed tomography diagnosed 28.6%, 42.9%, and
21.4%, respectively. For mass lesions, instant surgery
was recommended because of the beneficial effects
of post-operative chemotherapy. However, in patients
with intraductal papillary mucinous neoplasms, we did
not find a significant difference in outcome between
surgery and follow-up without treatment. Moreover,
pancreatic cancer screening in familial HRIs had a
greater perceived risk of pancreatic cancer (P < 0.0001),
higher levels of anxiety regarding pancreatic cancer (P
< 0.0001), and increased economic burden.
CONCLUSION: Pancreatic cancer screening in familial
HRIs is associated with a higher detection rate and longer
survival, although screening may influence psychological
function and increase the economic burden.
Key words: Pancreatic cancer; Screening; Benefit; Familial
high-risk individuals; Pancreatic tumor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic cancer is a fatal disease with a
five-year survival rate of less than 5%. The early
diagnosis of pancreatic cancer is essential. Individuals
with a family history of pancreatic cancer have an
increased risk of developing the disease. To date, no
study has systematically and comprehensively reported
on pancreatic cancer screening in familial high-risk
individuals. Here, for the first time, we performed a
systematic review to determine whether screening
for pancreatic cancer in familial high-risk individuals
can detect early stage pancreatic cancer and prolong
survival or reduce the negative effects of this disease.
Lu C, Xu CF, Wan XY, Zhu HT, Yu CH, Li YM. Screening for
pancreatic cancer in familial high-risk individuals: A systematic
review. World J Gastroenterol 2015; 21(28): 8678-8686
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i28/8678.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i28.8678

MATERIALS AND METHODS
Data sources

We searched PubMed, EBSCO, ClinicalTrials.gov and
the Cochrane database from database inception
to June 2014. We also obtained papers from the
reference lists of pertinent studies and systematic
reviews.

INTRODUCTION
Pancreatic cancer has become one of the most fatal
diseases over the past years. The 5-year survival rate,
estimated by the Surveillance Epidemiology and End
Results program, is 4% and this figure is the lowest for
[1]
all types of cancer . There were 216400 new cases
of pancreatic cancer and 213500 deaths worldwide
[2]
from pancreatic cancer in 2000 . The reasons for

WJG|www.wjgnet.com

Study selection

We included English-language controlled clinical
trials and observational studies on pancreatic cancer
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Table 1 Analytical studies on pancreatic cancer screening
Study

Type of study
(number of subjects)

Canto et al[12], 2006
Kim et al[13], 2011

Potjer et al[14], 2013
Lachter et al[15], 2007

Zubarik et al[16], 2011

Prospective controlled study
(n = 227)
Retrospective
controlled study
(n = 60)
Prospective controlled study
(n = 241)
Retrospective
controlled study
(n = 134)
Prospective controlled study
(n = 670)

Country

Duration of follow-up

Measured outcome

About 3 yr

Different diagnostic rate of PC, tumor type and
screening complications
Different tumor type, curative resection, median
survival, 3-yr survival rate

United States
Korea

A minimum of 1 yr

Israel

-

Different tumor type, frequency and behavior of
precursor lesions
Different diagnostic rate of PC, the number of
operations

United States

1 yr

Different diagnostic rate of PC, tumor type, screening
complications and cost of detection

Netherland

PC: Pancreatic cancer.

screening in familial HRIs. The key words used as
search terms were “screening” and “surveillance”,
which included any screening or surveillance programs
in which specific tests (imaging studies and tumor
markers) were performed to detect pancreatic
cancer in familial HRIs. Age, sex, lifestyle and other
confounding factors were also considered. RCTs
comparing different early diagnostic rates, mortality,
or the presence of complications were identified;
however, anticipating only a few of these studies, we
also included observational studies with or without
control groups. We also included studies on anxiety
associated with pancreatic cancer risk and other
psychological changes in familial HRIs.

RESULTS
We included 16 studies in the final analysis. Five studies
were case-control studies that included a comparison
[12-16]
group
, nine were observational studies without
[17-25]
a comparison group
, and the other two studies
investigated anxiety associated with pancreatic cancer
risk.

Analytical controlled studies

Data extraction

We extracted details on study design, objectives,
population characteristics (including sex, age and
ethnicity), inclusion criteria, year of enrollment, method
of screening, adjusted and unadjusted mortality, costeffectiveness and adverse events. All data were doublechecked by one author. Two investigators assessed
independently the quality of the studies by adapting
the Strengthening the Reporting of Observational
[9]
Studies in Epidemiology (STROBE) checklist and
[10,11]
other existing tools
. The observational studies had
no validated criteria; therefore, we did not report an
overall summary assessment. Finally, we synthesized
the evidence on the benefits and harms of pancreatic
cancer screening.

Statistical analysis
2

The χ test was used to compare discrete variables. We
2
also used the χ test to verify the statistical significance
regarding the merged data of pancreatic tumors and
stage Ⅰ pancreatic cancer. Statistical analysis was
performed using SPSS 16.0 for Windows (SPSS Inc.,
Chicago, IL, United States).
The statistical methods of this study were reviewed
by Professor Zhang Hong of Fudan University.

WJG|www.wjgnet.com

[12-16]

Five controlled studies were included
. The major
characteristics of these studies are summarized in
Table 1. In these five studies, the main method used
in the detection of pancreatic cancer was endoscopic
[13]
ultrasonography (EUS). Ultrasonography (USG)
[14]
and MRI
were also used in some studies. In two
prospective studies, more neoplastic-type lesions
were detected in the experimental group (21.8%
[12,14]
vs 0.7%, 42% vs 16%, respectively)
. In two
retrospective studies, the experimental group had
more stage Ⅰ (TNM classification) pancreatic cancer
than the control group (15% vs 7.5%, 100% vs
[13,16]
0.9%, respectively)
. Pancreatic cancer patients
in the experimental group had more curative
resections (60% vs 25%, P = 0.011), longer median
survival time (14.5 mo vs 4 mo, P < 0.001), and
a higher 3-year survival rate (20% vs 15.0%, P =
[13]
0.624) . In the experimental groups with higher
asymptomatic or T1 stage patients, the 3-year
survival rate was not significantly improved. Precursor
lesions were removed by surgery, with no significant
[12]
postoperative complications . The average cost
involved in detecting a pancreatic neoplastic lesion was
$8430.75 and was $41132.74 to detect a pancreatic
[16]
adenocarcinoma .
We merged the diagnostic rate of pancreatic cancer
[12,14]
in two studies
and the pancreatic cancer TNM
[13,16]
classification in another two studies
, regardless
of heterogeneity. We found that familial HRIs had
a higher diagnostic rate of pancreatic tumors than
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Table 2 Non-controlled studies on pancreatic cancer screening
Study (author/year)
Langer et al[17], 2009
Rulyak et al[18], 2001
Sud et al[19], 2014
Al-Sukhni et al[20], 2012
Verna et al[21], 2010
Poley et al[22], 2009
Ludwig et al[23], 2011
Brentnall et al[24], 1999
Canto et al[25], 2012

Country
Germany
United States
United States
Canada
United States
Netherland
United States
United States
United States

Study population n (HRIs%)
76 (100)
35 (100)
30 (63.3)
262 (60.9)
51 (100)
44 (47.7)
109 (100)
14 (100)
216 (90)

Period of time

Pancreatic tumor, n (%)

PC/death, n (%)

5 yr
2 yr
3 yr
8 yr
3 yr
2 yr
7 yr
15 mo
28.8 mo

6 (7.9)
12 (34.3)
3 (10)
84 (32.1)
20 (39.2)
10 (22.7)
9 (8.3)
7 (50)
92 (45.6)

0 (0)/0 (0)
0 (0)/0 (0)
2 (6.7)/0 (0)
3 (1.1)/2 (0.8%)
2 (3.9)/0 (0)
3 (6.8)/2 (4.5)
1 (0.9)/0 (0)
0 (0)/0 (0)
0 (0)/0 (0)

Pancreatic tumors include cystic adenoma, PC, IPMN, PanIN, neuroendocrine tumor. PC: Pancreatic cancer; HRIs: Familial high-risk individuals.

[26]

controls (34% vs 7.2%, P < 0.001). In patients who
underwent regular physical examinations, more
stage Ⅰ pancreatic cancers were observed (19% vs
2.6%, P = 0.001).

demonstrated during pancreatic cancer screening .
[14]
In the above controlled studies, one
also included
patients with a gene mutation of the p16-Leiden
germline. In our analysis, five papers mentioned
that the study population included familial HRIs with
gene mutations. We found that these patients had a
higher rate of pancreatic cancer diagnosis than other
patients (Table 2). Thus, those familial HRIs with
gene mutations may have a higher susceptibility. EUS
was the main means of detecting pancreatic cancer,
and diagnosed 64.3% of pancreatic cancers. In
comparison, Endoscopic retrograde cannulation of the
pancreas (ERCP), magnetic resonance imaging (MRI),
and computed tomography (CT) detected 28.6%,
42.9%, and 21.4% of pancreatic cancers, respectively.
Therefore, EUS is superior to the other methods.
In addition, 1.4% to 50% of screened patients
received preventive or curative resection. Mortality from
the time of pancreatic cancer diagnosis was mentioned
[20,22]
in two studies
, and were 0.8% and 4.5%, which
was lower than that in the general population (about
[27]
75% within one year after diagnosis) . Patients with
precursor lesions underwent preventive surgery, which
can result in a clear diagnosis following pathological
examination and a curative resection. However, a
previous study reported that one person died after
[28]
prophylactic pancreas surgery . In the present
analysis, ten studies mentioned complications or
perioperative morbidity related to surgery for precursor
[12,16-22,24,25]
lesions
. We merged these studies, which
are described in detail in Table 3. For mass lesions,
instant surgery was recommended because of the
beneficial effect of post-operative chemotherapy.
However, for IPMNs, we did not find a difference in
outcome between surgery and follow-up without
treatment. Follow-up might be a better choice instead
[12]
of surgical trauma. Only one study
highlighted the
complications of screening tests using ERCP. Thirteen
patients (10.3%) developed acute pancreatitis. Other
methods such as EUS and MRI are relatively safe.

Non-controlled studies

Nine non-controlled studies screening for pancreatic
[17-25]
cancer in familial HRIs were included
. These
studies were all carried out in developed countries
(Table 2). Most individuals included in these studies
were asymptomatic, with the exception of two studies
[18,19]
that did not mention this factor
. The patients in
five studies were familial HRIs, whereas the remaining
[19,20,22,25]
HRIs also had gene mutations
. EUS combined
with fine-needle aspiration (FNA) and pathological
examination were the main screening and diagnostic
methods used, with the exception of one study that
used MRI as the primary detection and diagnosis
[20]
tool . In addition, of these nine studies, genetic
testing during surveillance was performed in one
[21]
study .
In general, familial HRIs who underwent screening
had more early-stage pancreatic dysplasia or
pancreatic cancer. In these nine studies, the pancreatic
tumor detection rate ranged from 7.9% to 50%;
however, the detection rate of pancreatic cancer only
ranged from 0% to 6.8% (in four studies pancreatic
[17,18,24,25]
cancer was not detected)
. In addition, in the
[12,14,15]
three controlled studies mentioned above
, the
detection rate of pancreatic tumors in the experimental
group was 21.8%, 41.6%, and 47.2%, respectively,
compared with 0.9%, 15.5%, and 32.3% in the control
groups, respectively. Five studies with pancreatic
cancer cases (0.9%-6.8%) had a higher diagnostic
rate than the estimated risk of 0.082% reported by
[20]
a previous study . Of the pancreatic tumors, the
percentage of pancreatic cancer was less than 30%,
[19]
except for one study, which was 66.7% . This was
likely affected by the characteristics of the selected
population. The presence of pancreatic cancer was
higher than that in the general population, and regular
screening detected more precursor lesions. In addition,
[19-22]
pancreatic cancer patients in four studies
also
had BRCA2 gene mutations, which were frequently
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Psychological function and the harms of screening

Familial HRIs have a higher risk of pancreatic cancer,
and will receive many examinations during the
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Table 3 Studies on precursor lesions
Category
PanIN
IPMN
IPMN + PanIN
Mass lesions
Cytological HGD

Surgery, n

Follow-up, n

Complications and prognosis

17
11
6
3
7

0
97
0
0
0

Just one patient had a fistula after surgery
No relapse or canceration after surgery or follow-up
No relapse or canceration after surgery
One patient died after surgery; two patients relapsed then treated with chemotherapy
No relapse or canceration after surgery; one patient had hemorrhage 13 mo later

Table 4 Prospective studies on psychological function
Study

Country

Type of study

Result

(number of subjects)
Maheu et al[29], 2010

Canada

Prospective controlled study
Non-significant increase in risk perception, cancer worry, or general distress
(n = 198)
Breitkopf et al[30], 2012 United States Prospective controlled study HRIs had a greater perceived risk of PC and higher levels of PC worry than controls
(n = 1406)
PC: Pancreatic cancer.

screening period. Mental changes in these patients
are also worthy of attention. We included two studies
that investigated risk perception, cancer-related
anxiety or emotional distress during the screening
[29,30]
period
(Table 4). One study compared familial
HRIs with individuals with BRCA2 mutations. However,
no statistical difference in psychological function was
observed between the two groups. Another study
compared familial HRIs with general individuals, and
observed that familial HRIs had a higher perceived risk
of pancreatic cancer (P < 0.0001) and higher levels
of anxiety associated with pancreatic cancer risk (P <
[30]
0.0001) during the screening period .
Patients receiving invasive examinations such as
EUS or ERCP did not report severe adverse events
in the studies included. In one study, 13 patients
developed acute pancreatitis after ERCP (eight
requiring hospitalization), 7% in the high-risk group
[12]
and 13% in the control group (P = 0.38) . One study
reported that the cost of screening may be expensive
[16]
for the general population . A previous study
reported that one-time EUS screening for pancreatic
dysplasia had an incremental cost-effectiveness ratio
of $16885/life-year saved, compared with the no
[31]
screening group . However, the cost-effectiveness
of repeated screening is unknown. Another study
performed a clinical and economic evaluation using a
Markov model, and the author concluded that doing
nothing resulted in the greatest remaining years of life,
the lowest cost, and the greatest remaining quality[32]
adjusted life years . He believed that the most
effective strategy was to do nothing if we could not
[32]
further quantify the risk .

benefits and harms of pancreatic cancer screening in
familial HRIs. EUS combined with FNA testing was the
most common screening method evaluated. Although
[20,22]
only two studies
reported mortality, and many
precursor lesions did well with curative or preventive
therapy, there was also very-low-strength evidence
to draw conclusions on the benefits and harms of
pancreatic cancer screening in HRIs.
In this systematic review, we obtained useful
information. In general, screening familial HRIs can
identify early pancreatic tumors resulting in early
[13]
intervention. One retrospective study
indicated
subjecting individuals to regular examinations could
result in the detection of early-stage pancreatic cancer
leading to curative resection, and a greater median
survival time. Nearly all the included studies reported
precursor lesions and in some studies early treatment
was carried out, which decreased the total mortality.
The merged data showed a significantly higher
diagnostic rate and more stage Ⅰ pancreatic cancer
in the experimental group. Although heterogeneity
was present, these findings provide a reference point.
Methodological flaws such as selection bias, leadtime bias, length-time bias and the lack of RCTs on
pancreatic cancer screening were also observed.
Although EUS is used widely, other methods such as
MRI can also be useful in pancreatic cancer screening.
Therefore, we were unsure whether survival rate
would be affected by the detection of pancreatic cancer
using this method. In addition, interval cancers should
be taken into consideration. Interval cancers can be
interpreted as those that present symptomatically
between screening episodes and can skew the results
of screening studies. Considering the latent period of
early pancreatic tumors, when the tumor is detected
will affect the survival rate.
Most studies were single-center and participants
were from the same center, which avoided many biases.

DISCUSSION
We reviewed and evaluated controlled and noncontrolled studies systematically, and examined the
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[20,21,24,25]

Only four studies
determined the smoking
status of patients. Smoking is an established risk factor
[33]
for pancreatic cancer . Therefore, it must be taken
into consideration. In addition, hypercholesterolemia
and alcohol consumption represent significant and
[34]
independent risk factors for pancreatic cancer .
[35]
Pannala et al indicated that new-onset diabetes was a
potential clue to the early diagnosis of pancreatic cancer.
These factors may have influenced the final results. We
did not know how much they affected the outcomes of
these studies.
We chose familial HRIs as research subjects. In this
population, there are also individuals with high risks for
other diseases. Peutz-Jeghers syndrome with STK11/
[36]
LKB1 gene mutation , hereditary pancreatitis with
[37,38]
[39]
PRSS1 gene
or SPINK1 gene mutation , familial
atypical multiple mole melanoma syndrome with
[40]
CDKN2A or p16 gene mutations , hereditary breast
ovarian cancer syndrome with BRCA2 and BRCA1 gene
[41,42]
mutations
, and Lynch syndrome with mismatch
[43]
repair genes are found in high risk populations, who
should also receive attention. Nevertheless, these are
not completely independent. Familial HRIs may also
have gene mutations. The PRSS1 gene mutation is
the main influencing factor in hereditary pancreatitis,
an autosomal dominant disease. BRCA2 is one of the
most common mutations, and was as high as 17%
[44]
in one study . Future studies on HRIs with gene
mutations should be carried out to determine if they
have a higher risk than HRIs without gene mutations.
In addition, because of the complex nature of the
[45]
pedigrees in pancreatic cancer, Wang et al
designed
a tool known as PancPRO to identify familial HRIs,
which was used for selecting and screening.
Patients with precursor lesions or early-stage
pancreatic cancer are mainly asymptomatic. Therefore,
the detection method is very important. Biomarkers
and imaging tests are both optional. In view of
the existence of gene mutations, genetic testing is
also a feasible method. Through this method, early
intervention can avoid the occurrence of pancreatic
cancer. However, because of the cost and difficulty
of implementation, some methods may only apply
to certain populations. CA199 is the most widely
used biomarker. However, it has a very low positive
[46]
predictive value ; therefore, it is mainly used in
the follow-up and surveillance of pancreatic cancer.
Abdominal ultrasound is also rarely used for pancreatic
cancer screening because of its low sensitivity. One
study using abdominal ultrasound as the initial detection
method reported a diagnostic rate of 7.5%-15% in
[13]
stage Ⅰ pancreatic cancer ; however, this method
was unable to confirm the findings in patients with
negative results using other methods. As the main
screening tool, the accuracy of EUS can reach
[47,48]
87.1%-92%
, and it also showed a high diagnostic
rate of precursor lesions (PanINs and IPMN) (Table 2)
in our included studies. Thus, EUS is an ideal detection
method. However, EUS is an invasive procedure that
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is easily affected by the operator, has a comparatively
high cost and cannot be used for screening the general
population. However, EUS is necessary in HRIs. MRI as
[20,25]
a screening tool also has excellent results
, and is a
non-invasive procedure without exposure to radiation.
However, the lack of relevant papers ,meant that we
could not conclude that EUS is superior to MRI. CT and
ERCP are rarely used because of radiation exposure
and the risk of acute pancreatitis.
The natural history of early-stage pancreatic
cancer or precursor lesions has not been wellcharacterized. Therefore, long-term surveillance or
preventative surgery is controversial. Preventative
surgery may be risky, as mentioned above. The
current viewpoint is that IPMNs have the potential for
[49]
malignant transformation
and may result in earlystage pancreatic cancer. Unfortunately, we do not
know the frequency and rate of progression of earlystage pancreatic cancer or precursor lesions. Tanno et
[50]
al
performed a prospective study that included 82
patients with branch duct IPMN. Five patients (6.1%)
developed adenoma, one (1.2%) had carcinoma
in situ, one (1.2%) was borderline, six (7.3%) had
cystic dilatation, and 69 (84.1%) had no change at a
[50]
median follow-up of 59 mo. Tanno et al
confirmed
the possibility of canceration of IPMNs during 59 mo.
Therefore, IPMNs or other precursor lesions detected in
the included studies had the potential to develop into
adenomas. Although the IPMNs were stable during the
follow-up period, it was possible that they could change
to adenomas beyond the follow-up period. The results
of the remaining patients with precursor lesions, which
were recovery or death from cancer, would influence
the final mortality and cost-effectiveness measures.
Some limitations were present in our systematic
review. Firstly, we excluded non-English-language
studies, but mitigated the risk by searching more
databases. One study indicated that language
restrictions did not appear to bias estimates of the
[51]
effectiveness of a conventional intervention , which
also supported our evidence. Secondly, the lack
of RCTs, and the existence of selection bias, leadtime bias and length-time bias were limitations in
our included studies. These reduced the credibility
of the review. Thirdly, although we identified some
information regarding the harms of screening,
we did not determine the cost-effectiveness of
screening. Some studies referred to the cost or cost[16,31]
effectiveness
; however, a large RCT would be the
most definitive way to estimate the cost-effectiveness
of pancreatic cancer screening.
In conclusion, the current results showed that
pancreatic cancer screening in familial HRIs is
associated with a higher detection rate and longer
survival. For precursor lesions, follow-up or surgery
is controversial. However, screening may influence
psychological function and increase economic burden.
Thus, in developed countries, pancreatic cancer
screening should be promoted. In addition, further
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RCTs on pancreatic cancer screening in familial HRIs
should be performed to provide more conclusive
evidence.
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in familial high-risk individuals.

10

11

Innovations and breakthroughs

This is the first systematic review to determine the benefits and harms
of pancreatic cancer screening in familial high-risk individuals. PubMed,
PsycINFO, ClinicalTrials.gov and the Cochrane database were searched from
database inception to June 2014.

12

Applications

This study shows that pancreatic cancer screening in familial high-risk
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Pancreatic cancer is the growth of cancer cells in the pancreas. Symptoms
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cancer usually has no symptoms. When pancreatic cancer is diagnosed, it has
usually metastasized to other organs.
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META-ANALYSIS

Correlation of human epidermal growth factor receptor
protein expression and colorectal cancer
Wen-Juan Yang, Xing-Jie Shen, Xiao-Xia Ma, Zhi-Gang Tan, Yan Song, Yi-Tong Guo, Mei Yuan

Abstract

Wen-Juan Yang, Zhi-Gang Tan, Yan Song, Yi-Tong Guo,
Department of Emergency, Jinan Central Hospital affiliated
Shandong University, Jinan 250013, Shandong Province, China

AIM: To investigate the correlation between human
epidermal growth factor receptor (HER-2) protein
expression and colorectal cancer (CRC) using a casecontrol study and meta-analysis.

Xing-Jie Shen, Xiao-Xia Ma, Department of Gastroenterology,
Jinan Central Hospital affiliated Shandong University, Jinan
250013, Shandong Province, China

METHODS: Tumor tissue specimens from 162 CRC
patients were selected for the case group. Fifty cases
were randomly selected, and normal CRC tissue at
least 10 cm away from the tumor margins of these
cases was used to generate the control group. The
expression of the HER-2 protein in the 162 CRC tissue
samples and the 50 adjacent normal mucosa tissue
samples was detected via immunohistochemistry. The
experimental data were analyzed using SPSS 18.0
software, and R software version 3.1.0 was utilized for
further verification.
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RESULTS: The expression of HER-2 protein in the 162
CRC tissue samples was significantly higher than in
the normal tissue specimens. The data showed that
the expression of HER-2 in CRC was related to the
Dukes’ stage, the depth of invasion and lymph node
metastasis. The HER-2-positive patients had lower 3and 5-year OS rates than the HER-2-negative patients,
but there was no significant difference. However, there
was a statistically significant difference in the 3- and
5-year disease-free survival (DFS) rates of HER-2positive and HER-2-negative patients. The results of
the meta-analysis showed that the expression of HER-2
in CRC patients was statistically significantly increased
over that of healthy people. The 3-year DFS rate in
HER-2-positive patients was markedly lower than that
in HER-2-negative patients.
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CONCLUSION: Down-regulation of HER-2 expression
might be a dependable strategy for CRC therapy.
Key words: Human epidermal growth factor receptor;
Colorectal cancer; Immunohistochemistry; Biomarker;
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of CRCs
. Previous studies have demonstrated
that overexpression of HER-2 can lead to cell
proliferation, increased motility and protection against
apoptosis, whereas inhibition of the HER-2 pathway
induces apoptosis and cell cycle arrest and inhibits
[13-15]
angiogenesis, tumor invasion and metastasis
.
One study suggested that overexpressed HER-2
protein is the therapeutic target for trastuzumab, a
[9]
humanized monoclonal antibody . However, some
studies have suggested that HER-2 overexpression is
not an independent prognostic marker of colorectal
[16,17]
cancer
. To address the role of HER-2, we conducted
an experiment to investigate the specific correlation
between HER-2 protein expression and CRC, which was
further supported by meta-analysis.

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

Core tip: The first meta-analysis to evaluate the role
of human epidermal growth factor receptor (HER-2)
expression in colorectal cancer (CRC); HER-2 expression
level is associated with the clinic-pathological features
of CRC; HER-2 expression level is associated with the
prognostic factors of CRC; HER-2 expression level is a
biomarker for diagnosis of CRC; HER-2 expression level
is a biomarker for determining the prognosis of CRC.
Yang WJ, Shen XJ, Ma XX, Tan ZG, Song Y, Guo YT, Yuan M.
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MATERIALS AND METHODS
Ethics statement

This study was carried out with the permission of the
Institutional Review Board of the First People’s Hospital
of Jining. Written informed consent was obtained
from all participants. Ethical approval for this study
conformed to the standards of the Declaration of
[18]
Helsinki .

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
cancers worldwide and is the fourth leading cause of
[1]
cancer-related death in China . There are more than 1
million CRC cases and 600000 deaths every year, and
[2]
survival is strongly related to its stage at diagnosis .
The TNM staging system and the Dukes’ staging
system have greatly improved the rational stratification
of CRC patients and the design of therapeutic
[3]
strategies . Early diagnosis results in a highly favo
rable prognosis; stage 1 and stage 2 CRC have an
80%-90% five-year survival rate, whereas stage 3 and
stage 4 metastatic diseases are associated with five[4,5]
year survival rates of 60% and 8%, respectively .
Nearly 20% of patients are diagnosed at an advanced
metastatic stage of the disease, and over half will
[6]
ultimately develop metastases . Recently, biomarkers
have begun to play an increasingly important role
in the detection and management of patients with
[7]
gastrointestinal cancers . The human epidermal
growth factor receptor (HER-2) protein regulates
cancer cell proliferation and apoptosis and has been
validated as a relevant therapeutic target in several
[8]
human cancers, including CRC .
HER-2 protein, a transmembrane tyrosine kinase
growth factor receptor is found on normal and
malignant epithelial cells and is involved in the
[9]
regulation of cell proliferation and differentiation .
HER-2 amplification is observed in 2.5% of 1439 CRC
cases, and HER-2 overexpression is observed in an
additional 2.7% of cases; CRC amplification is strongly
[9]
related to protein overexpression . In CRC, HER-2
overexpression has been correlated with advanced
[10]
tumor stage . HER-2 is a clinically validated anticancer
molecular target that is expressed in the majority

WJG|www.wjgnet.com

Subjects

From January 2008 to December 2009, 162 patients
who were pathologically diagnosed with CRC and
had complete clinical data in the First People’s
Hospital of Jining were randomly selected as part
of the case group. None of the patients in the case
group had received radiotherapy, chemotherapy or
immunosuppressive therapy before surgery. Clinical
indexes (gender, age, tumor location and size,
and Dukes’ stage, among others) and pathology
indexes (degree of tumor differentiation and depth of
infiltration, among others) were collected from each
CRC patient. Of the 162 CRC patients, 97 were male
and 65 were female, and the median age was 54.7 ±
8.2 years. There were 76 cases of colon cancer and
86 of rectal cancer. In 99 cases, the tumor diameter
was ≥ 5 cm, and in 63 cases, it was < 5 cm. There
were 26 cases in Dukes’ A stage, 58 cases in Dukes’
B stage, 47 cases in Dukes’ C stage and 21 cases in
Dukes’ D stage. The tumors were well differentiated
in 30 cases, moderately differentiated in 54 cases,
and poorly differentiated in 78 cases. The tumors had
infiltrated into the muscular layer in 61 cases and into
the serosa in 101 cases. Additionally, after surgery,
there were 86 cases with lymph node metastasis
(LNM) and 76 cases without LNM. The control group
comprised samples of normal tissue located at least
10 cm away from the tumor margins of 50 randomly
selected cases.

Pathological examination

The expression of HER-2 protein in the 162 CRC

8688

July 28, 2015|Volume 21|Issue 28|

Yang WJ et al . HER-2 correlated with CRC features

Meta-analysis

tissue samples and 50 adjacent normal mucosa tissue
samples was detected by immunohistochemistry (IHC).
All tissue specimens were processed for hematoxylin
and eosin (HE) staining and IHC staining using the
following procedures: the samples were fixed in 10%
formaldehyde solution, dehydrated in an ethanol
gradient made transparent with dimethylbenzene,
embedded in paraffin, cut into slices, dewaxed with
dimethylbenzene and hydrated with an ethanol
gradient. HER-2 positive CRC tissue slices (Beijing
Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing,
China) were selected as positive controls. IHC staining
was carried out with phosphate buffered saline instead
of primary antibody as a negative control.

PubMed, the Wanfang database, the China National
Knowledge Infrastructure database and the VIP
database were searched for relevant published
studies using the following combination of keywords
and free words: HER2 (erbB-2), human epidermal
growth factor receptor-2, ErbB2-2 (c-erbb-2 protooncogenes), colorectal neoplasms, colon cancer,
colorectal tumors, colorectal carcinoma, and colorectal
cancer, among others. Studies included in the metaanalysis met all of the following criteria: (1) research
type: case-control; (2) research subjects: patients with
CRC (the case group) and healthy controls (the control
group); and (3) the chosen studies provided complete
data such as the number of cases, country, race,
age, gender, ethnicity, pathological type, detection
method, and the expression of HER-2 protein. Two
investigators independently extracted the data from
the selected articles. Disagreements were resolved by
discussion until a consensus was reached. R version
3.1.0 (Robert Gentleman and Ross Ihaka, Auckland
University, New Zealand) was utilized for statistical
analysis. Comparisons of HER-2 protein expression,
overall survival (OS) rates and disease-free survival
(DFS) rates between the CRC patients and healthy
subjects were assessed using an OR with a 95%CI
under a fixed-effects or a random effects model. A
Z-test was utilized to determine the significance of
[19]
the pooled ORs . Heterogeneity among the studies
[20]
was assessed with Cochran’s Q test
as well as the
2
[21]
I statistic . A fixed-effects model was applied to
calculate the parameters when heterogeneity was
2
not an issue (P > 0.05 or I test results < 50%). By
contrast, if there was substantial heterogeneity (P <
2
0.05 or I test results > 50%), a random-effects model
[22]
was utilized to pool the data .

Determination analysis of HE staining results

According to Broders’ method, the histological
subtypes of CRC include well differentiated, moderately
differentiated, poorly differentiated and undifferentiated.
After routine HE staining, the characteristics of the
CRC tissue could be observed: tumor cells of varying
shape and size, bulky nuclear chromatin, clearly
visible nucleoli, and an increase in the number, scant
cytoplasm and basophilia.

DeterminationAnalysis of the HER-2 results

IHC results were analyzed using HercepTest and
scored according to the revised scoring system. After
staining, HER-2-positive proteins were yellow and tan
and were primarily localized in the cell membrane.
At least 3 visual fields were randomly selected for
counting under a microscope (× 100). Scoring was
performed using two methods. In method 1, scoring
was based on staining intensity: 0 (colorless), 1 (faint
yellow or light red), 2 (tan or brownish red) and 3
(yellowish-brown or reddish-brown). In method 2,
scoring was based on the percentage of positive cells.
For each slide, 5 fields were observed under high
power magnification (× 100), 100 tumor cells in each
field were randomly chosen, and the positive cells were
counted. If the number of positive cells was ≤ 10%, it
was scored as 0; 10%-25% positive cells were scored
as 1; 25%-50%positive cells were scored as 2; and >
50% positive cells were scored as 3. The scores from
methods 1 and 2 were multiplied, and the results were
classified into grades as follows: 0 indicated negative
(-), 1-2 indicated weakly positive (+), 3-4 indicated
positive (+ +) and ≥ 5 indicated strongly positive (+
+ +). Two professional pathologists read the films and
judged the outcomes based on the scoring criteria.

Statistical analysis

The experimental data were analyzed using SPSS 18
software. Survival curves were plotted based on the
follow-up data. The measurements are presented as
the mean ± SD. To compare between groups, t-tests
were utilized. Count-based data are represented with
2
percentages or ratios and are compared using χ tests.
There was a significant difference if P was less than
0.05.

RESULTS
Expression of the HER-2 protein in CRC

There was no expression of HER-2 protein in the
normal mucosal samples as shown via IHC (Figure
1A); IHC-positive signals demonstrated the high
expression of HER-2 protein in CRC tissue samples
(Figure 1B). The expression of HER-2 protein in the
162 CRC tissue samples was significantly higher than

Survival follow-up

One hundred and sixty-two patients received followup through clinical examinations and regular telephone
and mail contact. By March 2014, 7 patients had been
lost.

WJG|www.wjgnet.com
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A

B

Figure 1 No and high expression of human epidermal growth factor receptor protein in colorectal cancer. A: No expression of HER-2 protein in normal
mucosa samples, as detected with IHC (× 100); B: High expression of HER-2 protein in colorectal cancer tissue samples, which immunohistochemistry showed were
positive (× 100). HER-2: Human epidermal growth factor receptor.

A

B

C

Figure 2 Expression rate of human epidermal growth factor receptor protein in colorectal cancer. A: The expression of HER-2 protein in moderately
differentiated, weakly positive colorectal cancer tissue (IHC+, × 100); B: The expression of HER-2 protein in moderately differentiated, positive colorectal cancer tissue
(IHC++, × 100); C: The expression of HER-2 protein in moderately differentiated, strongly positive colorectal cancer tissue (IHC+++, × 100). HER-2: Human epidermal
growth factor receptor.

in the control group (19.14% vs 0.00%, P = 0.001).
Of these samples, 8 cases were weakly positive, with
an expression rate of 4.94% (Figure 2A); 17 cases
were positive, with an expression rate of 10.49%
(Figure 2B); and 6 cases were strongly positive, with
an expression rate of 3.70% (Figure 2C).

B was significantly lower than that in Dukes’ stages
C and D (14.29% vs 27.94%, P = 0.009); the
expression of HER-2 protein in CRC patients with LNM
was higher than that in CRC patients without LNM
(25.58% vs 11.84%, P = 0.027); and the expression
of HER-2 protein in CRC patients with tumors that had
infiltrated into the muscular layer was higher than
that of patients whose tumors had infiltrated into the
serosa (27.87% vs 13.86%, P = 0.028). These data
show that the expression of HER-2 protein in CRC is
related to the Dukes’ stage, the depth of invasion and

Relationship between the expression of HER-2 protein
and the clinicopathological features of CRC

As shown in Table 1, among the CRC patients, the
expression of HER-2 protein in Dukes’ stages A and

WJG|www.wjgnet.com
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Table 1 Relationship between the expression of human epidermal growth factor receptor protein and the clinicopathological
features of colorectal cancer
Number of cases

HER-2 positive rate, n (%)

χ 2 value

P value

Male
Female
≥ 60
< 60
Colon
Rectum
≥5
<5

97
65
74
88
76
86
99
63

17 (17.53)
14 (21.54)
15 (20.27)
16 (18.19)
17 (22.37)
14 (16.28)
20 (20.20)
11 (17.46)

0.405

0.525

0.113

0.736

0.967

0.326

0.187

0.665

A+B
C+D

84
68

12 (14.29)
19 (27.94)

6.861

0.009

Well-differentiated
Moderately differentiated
Poorly differentiated
With
Without
Serosa
Muscular layer

30
54
78
86
76
101
61

6 (20.00)
15 (27.78)
10 (12.82)
22 (25.58)
9 (11.84)
14 (13.86)
17 (27.87)

4.631

0.099

4.922

0.027

4.822

0.028

Clinicopathological parameters
Gender
Age
Tumor location
Tumor size/cm
Dukes staging

Degree of differentiation

Lymph node metastasis
Depth of invasion

HER-2: Human epidermal growth factor receptor.

A

B

1.0

0.8
Cum survival

Cum survival

0.8

1.0

0.6
Expression of HER-2 in patients
with colorectal cancer

0.4

Positive

0.2

0.6
Expression of HER-2 in patients
with colorectal cancer

0.4

Positive

0.2

Negative

0.0

Negative

0.0
0.00

10.00

20.00
Survival time

30.00

40.00

0.00

10.00

20.00 30.00 40.00
Survival time

50.00

60.00

Figure 3 Three and five-year overall survival in colorectal cancer patients. A: Plot of 3-year overall survival in HER-2-positive and HER-2-negative colorectal
cancer patients; B: Plot of 5-year overall survival in HER-2-positive and HER-2-negative colorectal cancer patients. HER-2: Human epidermal growth factor receptor.

LNM, but not to gender, age, tumor location and size,
or the degree of differentiation (P > 0.05).

= 0.275, P = 0.600) (Figure 3). However, there was a
statistically significant difference between the 3-year
and 5-year DFS rates of HER-2-positive and HER-22
2
negative patients (χ = 4.40, P = 0.036; χ = 12.14, P
< 0.01) (Figure 4).

Relationship between the expression of HER-2 protein
and the survival rate of CRC patients

In this study, over a follow-up period of 5 years,
detailed data were obtained from a total of 155
patients, including 30 HER-2-positive cases. KaplanMeier curves of HER-2-positive and HER-2-negative
patients were drawn based on the follow-up data, and
the 3-year OS, 3-year DFS, 5-year OS, and 5-year
DFS rates were compared between the two groups.
Compared with the HER-2-negative patients, the HER2-positive patients had lower 3-year and 5-year OS
rates but the difference was not significant (76.7% vs
2
2
82.4%, χ = 0.625, P = 0.429; 40.0% vs 45.6%, χ

WJG|www.wjgnet.com

Verification of the meta-analysis

A total of 684 studies (227 in Chinese and 457 in
English) were initially retrieved, and based on the
selection criteria, 30 case-control studies (13 in
Chinese and 17 in English) were ultimately used for
the meta-analysis. There were 4942 CRC patients and
521 healthy controls in total. The results of the metaanalysis showed that HER-2 protein expression was
statistically significantly higher in CRC patients than
in healthy people (OR = 10.71, 95%CI: 5.50-20.85;
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A

B

1.0

Positive

0.8

Negative
Disease free survival

Disease free survival

0.8

Expression of HER-2 in patients
with colorectal cancer

1.0

0.6
Expression of HER-2 in patients
with colorectal cancer

0.4

Positive

0.2

Negative

0.0

0.6

0.4

0.2

0.0
0.00

10.00
20.00
30.00
Disease free survival time

40.00

0.00

10.00

20.00 30.00 40.00
Disease free survival time

50.00

60.00

Figure 4 Three and five-year disease-free survival in colorectal cancer patients. A: Plot of 3-year disease-free survival in HER-2-positive and HER-2-negative
colorectal cancer patients; B: Plot of 5-year disease-free survival in HER-2-positive and HER-2-negative colorectal cancer patients. HER-2: Human epidermal growth
factor receptor.
HER-2 protein expression (case vs control)
Study

Experimental

Wei YW 2014
Yang B 2014
Liu JY 2014
Qin YL 2013
Jin Y 2013
Zhao DL 2012
Jiang Y 2012
Zhu QS 2011
Wang YH 2011
Wang HM 2011
Zhao WZ 2008
Gu HP 2007
Kang X 2004

Control

OR

Events

Total

Events

Total

47
42
35
40
12
50
25
38
15
29
30
47
43

121
65
99
50
69
80
85
60
68
40
53
90
52

12
19
2
3
0
2
6
0
1
0
13
0
1

66
65
30
15
15
30
85
10
40
40
53
20
52

Fixed effect model
932
Random effects model
2
2
Heterogeneity: I = 65.4%, tau = 0.8062, P = 0.0005

95%CI

2.86
[1.38, 5.90]
4.42
[2.11, 9.24]
7.66
[1.72, 34.06]
16.00
[3.78, 67.70]
6.74 [0.38, 120.27]
23.33 [5.18, 105.02]
5.49
[2.12, 14.22]
35.93 [2.01, 642.90]
11.04
[1.40, 87.13]
207.78 [11.77, 3667.94]
4.01
[1.75, 9.19]
44.77 [2.63, 762.76]
243.67 [29.68,2000.71]

521

8.35
10.71

0

0.1

1

10

[6.08, 11.46]
[5.50, 20.85]

W(fixed)

W(random)

29.0%
20.5%
6.1%
2.8%
2.0%
3.3%
12.9%
1.0%
3.0%
0.4%
17.2%
1.2%
0.5%

12.2%
12.2%
8.3%
8.6%
3.9%
8.3%
11.1%
3.9%
6.0%
3.9%
11.7%
4.0%
5.9%

100%
-

100%

1000

Figure 5 Forest plot of the expression of human epidermal growth factor receptor protein in colorectal cancer patients and in healthy controls. HER-2:
Human epidermal growth factor receptor.
[23]

P < 0.001) (Figure 5). The 3-year DFS rate in HER-2positive patients was markedly lower than that of HER2-negative patients (OR = 0.50, 95%CI: 0.28-0.87;
P = 0.005) (Figure 6C), but there was no statistically
significant difference in the 3-year OS, 5-year OS, and
5-year DFS rates between HER-2-positive and HER2-negative patients (3-year OS: OR = 0.62, 95%CI:
0.29-1.32, P = 0.211; 5-year OS: OR = 0.56, 95%CI:
0.25-1.25, P = 0.155; 5-year DFS: OR = 0.71,
95%CI: 0.45-1.14, P = 0.178) (Figure 6A, B and D).

(ranging from 0% to 83%) . These discrepancies
might be caused by differences in detection techniques,
the antibodies used, and the tissue fixation methods,
[24]
as well as the criteria used to assess the results .
To assess the correlation between HER-2 expression
and CRC, we conducted a case-control study using
clinicopathological and prognostic features, and we
further verified our results using meta-analysis.
Our study showed a significant difference in HER-2
expression between normal colon tissue (0%) and CRC
lesions (19.14%). Moreover, fewer CRC patients staged
as Dukes’ A and/or B (14.29%) were HER-2-positive
compared with those staged as Dukes’ C and/or D
(27.94%); CRC patients with lymph node metastases
were more likely to be HER-2-positive; and HER-2positive tissue was also more likely with increasing

DISCUSSION
Overexpression and amplification of HER-2 has been
reported in 25%-35% of breast cancers and the
incidence of HER-2 overexpression in CRC varies

WJG|www.wjgnet.com
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A

3 yr overall survival rate (HER-2 positive vs HER-2 negative)

Study

Experimental

OR

95%CI

97
59
27
95
72
94
56
203

0.24
0.08
2.29
1.42
0.48
0.20
1.50
1.15

[0.07, 0.78]
[0.02, 0.28]
[0.66, 8.01]
[0.35, 5.71]
[0.21, 1.10]
[0.02, 2.37]
[0.56, 4.03]
[0.56, 2.39]

11.4%
30.6%
4.2%
4.5%
21.2%
2.3%
8.3%
17.6%

Fixed effect model
289
703
Random effects model
2
2
Heterogeneity: I = 72.1%, tau = 0.8021, P = 0.0007

0.65
0.62

[0.46, 0.91]
[0.29, 1.32]

100%

Meng X 2014
Lu Y 2012
Chen J 2010
Kavanagh DO 2009
Park DI 2007
Ismail HM 2007
C Jesus E 2005
MoKay JA 2002

Control

Events

Total

Events

Total

16
40
11
8
46
9
44
33

22
67
17
11
65
10
52
45

89
56
12
62
60
92
44
143

0.1

0.5 1 2

W (fixed) W (random)
12.7%
12.2%
12.3%
11.4%
15.2%
6.1%
14.1%
15.8%

100%

10

5 yr overall survival rate (HER-2 positive vs HER-2 negative)

B

Study

Experimental

OR

95%CI

97
59
27
95
100
72
94
56
203

0.37
0.09
3.39
0.99
1.57
0.35
0.01
1.07
1.51

[0.14, 0.97]
[0.03, 0.28]
[0.95, 12.09]
[0.28, 3.48]
[0.37, 6.64]
[0.17, 0.74]
[0.00, 0.11]
[0.47, 2.40]
[0.79, 2.92]

11.5%
24.3%
2.4%
4.6%
2.9%
22.0%
8.3%
10.5%
13.6%

Fixed effect model
298
803
Random effects model
2
2
Heterogeneity: I = 81.8%, tau = 1.173, P < 0.0001

0.63
0.56

[0.47, 0.85]
[0.25, 1.25]

100%

Meng X 2014
Lu Y 2012
Chen J 2010
Kavanagh DO 2009
Baiocchi G 2009
Park DI 2007
Ismail HM 2007
C Jesus E 2005
MoKay JA 2002

Control

Events

Total

Events

Total

12
37
10
6
6
36
5
36
27

22
67
17
11
9
65
10
52
45

74
55
8
52
56
56
93
38
101

0.01

0.1

1

10

W (fixed) W (random)
12.0%
11.3%
10.7%
10.7%
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invasive depth. Furthermore, follow-up results showed
that HER-2 expression was inversely correlated with
the 3-year and/or 5-year OS and DFS rates. Thus, we
suggest that HER-2 expression is correlated with the
Dukes’ stage, lymph node metastasis and prognosis of
CRC patients, indicating that HER-2 could be a practical
tumor marker. This suggestion was further supported
by our meta-analysis.
Overexpression of HER-2 has a documented
association with disease and with a poor prognosis
in various human cancers including ovarian, breast,
[1,23,25]
and lung cancers
. HER-2, which encodes
a transmembrane protein with tyrosine kinase
activity, is reported to be vital for DNA repair,
[26,27]
tumorigenesis, metastasis and drug resistance
.
When its intracellular domain is phosphorylated, the
HER-2 protein can both homo- and heterodimerize,
promoting cell proliferation and repressing cell death
via the Ras/MAPK pathway, as well as the PI3K/AKT
[28,29]
pathway
. HER-2 can activate the Ras/MAP kinase
cascade and up-regulate k-ras expression, promoting
cancer cell growth and advancing the malignant
phenotype. Furthermore, overexpression of HER-2
can down-regulate the p53 protein via the PI3K/AKT
pathway, thereby increasing cell proliferation and
[30,31]
decreasing adriamycin sensitivity
. In our research,
HER-2 is overexpressed in CRC lesions and is positively
correlated with Dukes’ staging and lymph node
metastasis, suggesting that the expression of HER-2
may be closely related to the disease progression of
CRC. Moreover, HER-2 expression correlates with a
poor prognosis for CRC patients. Consequently, the
HER-2 protein is a crucial biomarker and target for
tumor biology and therapeutic intervention, as well as
for cancer gene therapy; down-regulation of HER-2
expression might be an effective strategy for CRC
therapy. Recently, herceptin, a humanized monoclonal
antibody against HER-2, has been shown to have clear
therapeutic effects in strongly HER-2/neu-positive
breast carcinoma patients, especially when combined
[32,33]
with other chemotherapeutic drugs
. Thus, further
studies on the effect of HER-2 on CRC will demonstrate
if herceptin can also be used as a target for CRC
therapy.
There are also some limitations that should be
noted. First, the number of samples in the present
study is comparatively small, but our meta-analysis
makes up for this limitation. Second, the HER-2
protein was detected using IHC, whose results could
be influenced by various detection approaches and
subjective criteria. However, we could not find a more
suitable technique that is currently in use in China. In
this regard, further study with more accurate detection
methods could be warranted.
In brief, HER-2 is overexpressed in CRC lesions,
and this overexpression is positively correlated with
the Dukes’ stage and lymph node metastasis of CRC,
indicating that the expression of HER-2 may be closely
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related to the progression of CRC and could be an
effective biomarker for its diagnosis and treatment.
Moreover, HER-2 expression is correlated with a poor
prognosis for CRC patients, suggesting that it could
be a valid prognostic marker. Thus, a new adjuvant
therapy involving herceptin might be a dependable
strategy for CRC therapy.
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Background

Colorectal cancer (CRC) is one of the most common cancers worldwide and
is the fourth leading cause of cancer-related death in China. Early diagnosis
results in a highly favorable prognosis, while nearly 20% of patients are
diagnosed at an advanced, metastatic stage of the disease, and over half
will ultimately develop metastases. Human epidermal growth factor receptor
(HER-2) is a clinically validated anticancer molecular target that is expressed in
the majority of CRCs. HER2 might be an effective biomarker for the diagnosis
and treatment of CRC.

Research frontiers

HER-2 amplification is observed in 2.5% of 1439 CRC cases, and HER-2
overexpression is observed in an additional 2.7% of cases; CRC amplification is
strongly related to protein overexpression. Previous studies have demonstrated
that overexpression of HER-2 can lead to cell proliferation, increased motility
and protection against apoptosis. In CRC, HER-2 overexpression has been
correlated with advanced tumor stage.

Innovations and breakthroughs

To assess the correlation between HER-2 expression and CRC, the authors
conducted a case-control study using clinicopathological and prognostic
features, and they further verified our results using meta-analysis. This
study showed a significant difference in HER-2 expression between normal
colon tissue (0%) and CRC lesions (19.14%). Moreover, fewer CRC patients
staged as Dukes’ A and/or B (14.29%) were HER-2-positive compared with
those staged as Dukes’ C and/or D (27.94%); CRC patients with lymph node
metastases were more likely to be HER-2-positive; and HER-2-positive tissue
was also more likely with increasing invasive depth. Furthermore, follow-up
results showed that HER-2 expression was inversely correlated with the 3-year
and/or 5-year OS and DFS rates. Thus, we suggest that HER-2 expression
is correlated with the Dukes’ stage, lymph node metastasis and prognosis of
CRC patients, indicating that HER-2 could be a practical tumor marker. This
suggestion was further supported by our meta-analysis.

Applications

The study results suggest that HER-2 expression may be closely related to
the progression of CRC and could be an effective biomarker for the diagnosis
and treatment of CRC. Moreover, HER-2 expression is correlated with a
poor prognosis. Thus, the down-regulation of HER-2 expression might be a
dependable strategy for CRC therapy.

Terminology

CRC arises due to uncontrolled cell growth in the rectum or colon, both of which
are part of the large intestine. It is one of the most common cancers worldwide
and is the fourth leading cause of cancer-related death in China. HER-2 protein,
a transmembrane tyrosine kinase growth factor receptor is found on normal and
malignant epithelial cells and is involved in the regulation of cell proliferation
and differentiation.
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Abstract
AIM: To evaluate the efficacy of autologous bone marrow
mononuclear cell transplantation in decompensated liver
disease.
METHODS: Medline, Embase, PubMed, Science Direct,
and the Cochrane Library were searched for relevant
studies. Retrospective case-control studies were
included along with randomized clinical trials. Metaanalysis was performed in line with recommendations
from the Cochrane Collaboration software review
manager. Heterogeneity was assessed using a randomeffects model.
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RESULTS: Four randomized controlled trials and four
retrospective studies were included. Cell transplantation
increased serum albumin level by 1.96 g/L (95%CI:
0.74-3.17; P = 0.002], 2.55 g/L (95%CI: 0.32-4.79; P
= 0.03), and 3.65 g/L (95%CI: 0.76-6.54; P = 0.01)
after 1, 3, and 6 mo, respectively. Patients who had
undergone cell transplantation also had a lower level
of total bilirubin [mean difference (MD): -1.37 mg/dL;
95%CI: -2.68-(-0.06); P = 0.04] after 6 mo. This
decreased after 1 year when compared to standard
treatment (MD: -1.26; 95%CI: -2.48-(-0.03); P =
0.04]. A temporary decrease in alanine transaminase
and aspartate transaminase were significant in the cell
transplantation group. However, after 6 mo treatment,
patients who had undergone cell transplantation had a
slightly longer prothrombin time (MD: 5.66 s, 95%CI:
0.04-11.28; P = 0.05). Changes in the model for endstage liver disease score and Child-Pugh score were not
statistically significant.
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CONCLUSION: Autologous bone marrow transplantation
showed some benefits in patients with decompensated
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liver disease. However, further studies are still needed
to verify its role in clinical treatment for end-stage liver
disease.

direct infusion of BM stem cells into the liver via the
hepatic artery or portal vein, or autologous human
BM stem cell transplantation, showed inconsistent
[10-12]
improvement in liver function
. However, the evi
dence for autologous BM-MNCs transplantation for
decompensated liver disease is controversial. This
systematic review aimed to summarize the currently
available literature on this topic.

Key words: Autologous transplantation; Bone marrow;
Cirrhosis; Decompensated liver disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Autologous bone marrow mononuclear cells
prevent immune rejection. In this systematic review
and meta-analysis, we attempted to gather evidence
for the therapeutic use of autologous bone marrow
mononuclear cell transplantation for decompensated
liver disease and cirrhosis. Although we found that
autologous bone marrow transplantation is satisfactory
in patients with decompensated liver disease, there
are important issues that require verification by largevolume centers.

Literature search strategies and selection

Five electronic databases (Medline, Embase, PubMed,
Science Direct, and the Cochrane Library) were
searched from their respective dates of inception
up to October 2014. The following key words were
used: “bone marrow”, “autologous”, “transfusion”,
“liver OR hepatic”, and “systematic review”; similar
headings were also searched, such as “treatment of
decompensated liver disease”, “treatment option for
cirrhosis”, and “meta-analysis”. Further articles were
identified by a manual search of reference lists from
the retrieved publications. The databases were used
again to retrieve abstracts and, if favorable, the full
text was downloaded for the final review. All articles
included in this study were published in English.
Two reviewers independently screened the title
and abstract of each identified publication. Citations
with suspected compliance with our eligibility criteria
underwent a full review. If either of the two reviewers
identified a citation to be potentially relevant, we
obtained the full text for a full review. Any disagreements
were resolved through discussions with a third reviewer.

Pankaj P, Zhang Q, Bai XL, Liang TB. Autologous bone marrow
transplantation in decompensated liver: Systematic review and
meta-analysis. World J Gastroenterol 2015; 21(28): 8697-8710
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i28/8697.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i28.8697

INTRODUCTION
Liver disease is a global health problem, with hepatitis
B and C being two of the most epidemic and serious
[1]
types . As the disease advances, liver function may
be decompensated, leading to decompensated liver
diseases (mostly cirrhosis). There are currently few
therapeutic options for decompensated liver disease,
although new strategies have been explored for several
decades. Regeneration of functional hepatocytes is
believed to be vital for maintaining liver function in
these patients. Autologous bone marrow mononuclear
cells (BM-MNCs), including mesenchymal stem cells,
hematopoietic stem cells, endothelial progenitor cells,
and stromal cells, are beneficial for patients with
[2]
decompensated liver disease . Due to the contribution
of non-hematopoietic stem cells, BM-MNCs can
[3-5]
generate various types of cells in different tissues .
Other cell components of BM-MNCs may facilitate stem
cell differentiation by secreting cytokines, modeling
microenvironments, or interacting with stem cells.
In autologous transplantation, cells are derived
from the patients themselves, which theoretically
can prevent the possibility of immune rejection. At
present, autologous BM-MNCs have been widely
[6-9]
applied in the treatment of liver diseases
. It is
proposed that pluripotent non-hematopoietic stem
cells from BM might participate in the repopulation of a
[10]
damaged liver, and may even improve its function .
The combination of mobilization, isolation, and
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Eligibility criteria and outcome evaluation

This study compared autologous BM stem cell therapy
in decompensated liver disease, regardless of blinding
and concealment of allocation. Retrospective studies
were included along with randomized clinical trials.
Eligibility criteria were as follows: (1) explicitly
reporting the indications for BM-MNCs; (2) comparing
at least one of the following outcomes: albumin, total
bilirubin, coagulation function tests (prothrombin time
and activity), Child-Pugh score, model for end-stage
liver disease (MELD) score, alanine transaminase (ALT),
and aspartate transaminase (AST); and (3) when
two studies were published by the same institution or
authors and data were repeated, the higher quality or
the most recent choice was included.

Exclusion criteria

Studies were excluded if: (1) it was impossible to
extract or reasonably estimate the data from the
published articles; and (2) there was considerable
overlap among patients in the studies published.

Data extraction and analysis

Data presented as changes were preferred. When
changes were unavailable but could be calculated
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630 records identified through database searching

40 additional records identified through other sources

60 records after duplicates removed

610 records underwent abstract screen
540 records excluded due to irrelevant studies
70 records underwent full-text screen
40 full-text articles excluded due to irrelevant researches
30 studies included in qualitative synthesis

13 studies excluded for unexpected inclusion of
participants or undesired treatment
6 studies did not report the outcome interested
2 studies were one-arm studies
1 study was a further report of the previous one
8 studies included in quantitative synthesis (meta-analysis)

Figure 1 Study flow diagram.

from the data before and after treatment, they were
[13]
calculated using appropriate methods . In brief, we
calculated a correlation coefficient from a comparable
study with considerable detail using the formula
[13]
suggested by the Cochrane Collaboration . The
desired SD of a certain study could then be calculated
using a modification of the same formula. When no
correlation coefficient acquired from other comparable
studies could be found, meaning that calculation was
impossible for the missing data, we evaluated the SD
using the most conservative method (assuming that
the correlation coefficient was -1). The influence of the
evaluation was then discussed.
Meta-analysis was performed using Review Manager
(version 5.3) and followed the recommendations from
the Cochrane Collaboration. Heterogeneity was assessed
2
using a random-effects model and P < 0.10 with I >
50% was considered statistically significant. Statistical
analysis of continuous variables was carried out using
the mean difference (MD) as the summary statistic by
the Inverse-Variance method, and was reported with a
95% confidential interval (CI). The MD was considered
to be statistically significant at P < 0.05.

our topic, 13 studies were not eligible due to the
unexpected inclusion of participants or undesired
treatment, 6 studies did not report the interested
outcomes, 2 studies were one-arm studies, and 1
study was a further report of a previous one (Figure
1). Eight studies were included for quantitative
[2,14-21]
analysis
, with four being randomized clinical
[2,14,19,20]
trials
. The characteristics of the included studies
are shown in Table 1.

Outcome evaluation

Indicators for liver function (such as serum albumin,
total bilirubin, ALT, and AST) were assessed by most
[2,15,19,20]
[2,19]
studies. MELD score
and Child-Pugh score
were used in some articles to evaluate the effects
of cell transplantation. Meta-analysis showed that,
compared to the control group, patients who had
undergone cell transplantation had a higher level
of serum albumin within 6 mo after treatment.
The additional increase in serum albumin by cell
transplantation was 1.96 g/L (95%CI: 0.74-3.17; P
= 0.002), 2.55 g/L (95%CI: 0.32-4.79; P = 0.03),
and 3.65 g/L (95%CI: 0.75-6.54; P = 0.01) g/L after
[2,14-17,19,21]
1, 3, and 6 mo
, respectively (Figure 2A-C).
However, this effect disappeared after 1 year (Figure
2D), by which time there was no difference regarding
serum albumin between the experimental and control
groups (MD: 1.43 g/L; 95%CI: -2.27-5.14; P = 0.45).
However, heterogeneity was high among these studies
2
(I : 88%-97%), and could not be explained by only
one or two studies.

RESULTS
Literature search results and general characteristics

A total of 610 non-duplicated publications were
identified and underwent abstract screening. For the
110 publications that underwent full-text screening,
40 were excluded because they were irrelevant to
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Table 1 Most patients in the included studies had hepatitis virus infection and/or high alcohol consumption, and suffered from
decompensate liver cirrhosis
Trials

Region

Design

Duration

No. of
patients

Lyra
2010

Brazil

RCT

2006.1-2006.4

15 vs 15

Salama
2010

Egypt

RCT

2008.6-2009.5

90 vs 50

Switzerland

RCT

2008.2-2011.3

28 vs 30

Iran

RCT

2007.7-2010.8

15 vs 12

China

Case-control 2009.3-2011.3

32 vs 15

China

Case-control 2005.5-2009.6

53 vs 105

Japan

Case-control

NA

5 vs 5

Egypt

Prospective
cohort study

NA

15 vs 10

Spahr
2012
Mohanmadnejad
2013
Bai
2004
Peng
2011
Saito
2011
El-Ansary
2012

Etiology of liver disease

Intervention

Chronic liver disease waiting
About 3.78 × 108 BM-MNCs,
for liver transplantation, mainly
through hepatic artery
alcoholic and/or hepatitis C
Post-HCV liver cirrhosis
Autologous BM-derived CD34+
and CD133+ stem cell infusion in
the portal vein
Decompensated alcoholic liver About 4.7 × 107/kg BM-MNCs,
disease
including CD34+ cells and MSCs
2 PBC, 2 HBV, 1 HCV, 9 AIH, About 1.95 × 108 MSCs through
11 unknown
cubital vein
Decompensated liver cirrhosis,
BM-MNCs through hepatic
91.5% with HBV infection
artery
Chronic hepatitis B induced
BM-derived MSCs through
liver disease, 73% with cirrhosis
proper hepatic artery
Alcoholic liver cirrhosis
About 8 × 109 BM-MNCs
through cubital vein
HCV induced liver cirrhosis
About 1 × 106 MSCs/kg,
intravenously

Follow-up
Up to 12
mo
Up to 6
mo
Up to 3
mo
Up to 12
mo
Up to 24
mo
Up to 192
wk
Up to 48
wk
Up to 6
mo

PBC: Primary biliary cirrhosis; HBV: Hepatitis B virus; HCV: Hepatitis C virus; AIH: Autoimmune hepatitis; BM-MNCs: Bone marrow mononuclear cells;
MSC: Mesenchyme stem cell; RCT: Randomized controlled trial; NA: Not available.

With regard to total bilirubin, a meta-analysis of
[2,14,15,17,19,21]
six studies
did not show any significant
difference between the two groups, except at 6 mo
(Figure 3A-D). At 6 mo after cell transplantation,
patients had a lower level of total bilirubin (MD:
-1.37 mg/dL; 95%CI: -2.68-(-0.06); P = 0.04).
2
Heterogeneity was high (I : 66%-79%) and mainly
[2]
contributed by the study by Lyra et al . Exclusion of
this study did not change the conclusions.
Two studies reported changes in AST after treat
[14,17]
ment
. There was a decrease in AST level at 3 mo
after cell transplantation (MD: -16.30 U/L; 95%CI:
-22.52-(-10.08); P < 0.00001; Figure 4A) and after
6 mo (MD: -13.80 U/L; 95%CI: -17.98-(-9.61); P <
0.00001; Figure 4B). No heterogeneity was detected (P
2
> 0.10, with I = 0). Three studies reported changes
[14,17,19]
in ALT after cell transplantation
. Similarly, cell
transplantation showed a lower ALT level at 3 mo (MD:
-9.11 U/L; 95%CI: -16.35-(-1.88); P = 0.01; Figure
5A), but failed to show a consistent effect at 6 mo (MD:
-9.60 U/L; 95%CI: -21.82-2.62; P = 0.12; Figure 5B).
No heterogeneity was detected regarding ALT level at
3 mo (P = 0.22), but heterogeneity should be taken
into consideration regarding ALT level at 6 mo (P =
2
0.06, with I =72%).
MELD score was reported by two to four studies,
[2,15,19,20]
depending on the time point assessed
. Metaanalysis did not show any difference within 12 mo of
treatment (Figure 6A-D). Two studies reported that
Child-Pugh score could be incorporated into the meta[2,19]
analysis
. No significant difference was detected at
up to 1 year after treatment (Figure 7A-C).
Four studies reported changes in prothrombin
[14,15,17,21]
time
. Changes in prothrombin time were noted
only at 6 mo after therapy, when patients with cell

WJG|www.wjgnet.com

transplantation showed a slight increase (MD: 5.66 s,
95%CI: 0.04-11.28; P = 0.05; Figure 8A-C). However,
2
heterogeneity was high (P < 0.00001, with I = 95%).
Only one study followed changes in prothrombin time
[21]
up to 24 mo , and suggested that there was no
statistical difference (MD: -1.3 s, 95%CI: -2.67-0.07;
P = 0.06).

DISCUSSION
In this systematic review and meta-analysis, we
attempted to collect evidence for BM-MNC, particularly
with regards to bone marrow stem cell (BMSC)
transplantation as a potential therapeutic approach
for patients with decompensated liver disease. It is
suggested that pluripotent non-hematopoietic stem
cells derived from the BM may be able to repopulate
[10]
the impaired liver and improve its function . Geno
mic plasticity is the intrinsic foundation of trans[22]
differentiation of BMSCs . BM-MNCs may facilitate
differentiation of BM non-hematopoietic stem cells
into hepatoblasts and hepatocytes by remodeling
[23]
the liver microenvironment . Many growth factors,
such as granulocyte colony-stimulating factor and
hepatic growth factor, were also found to facilitate the
effectiveness of BM-MNC transplantation by stimulating
cell proliferation or suppressing liver inflammation
[24,25]
and fibrosis
. In addition, transplanted BM-MNCs
may have different roles according to the etiology of
liver disease, which may in turn influence the clinical
effects of BM transplantation. Most patients in the
included studies have hepatitis virus (either HBV or
HCV) infection and/or high alcohol consumption,
and suffered from decompensate liver cirrhosis
(see Table 1). Limited evidence has shown that
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A

Cell transplantation

Study or subgroup

Mean

SD

Control

Total Mean

Mean difference

SD Total Weight IV, Random, 95%CI

RCT
Lyra 2010
4.1
4.8
15
-0.7 1.7 15
Salama 2010
0.8
1.8
90
-0.9 3.4 50
Subtotal (95%CI)
105
65
2
Heterogeneity. Tau² = 3.81; χ = 4.81, df = 1 (P = 0.03); I²
Test for overall effect: Z = 1.97 (P = 0.05)

13.1%
26.1%
39.3%
= 79%

Mean difference
IV, Random, 95%CI

4.80 [2.22, 7.38]
1.70 [0.69, 2.71]
3.01 [0.01, 6.02]

NRCT
Bai 2014
2.3
0.7
37
1.7 0.9 15 30.3%
0.60 [0.09, 1.11]
Peng 2011
6.3
1.4
53
4
1.5 105 30.5%
2.30 [1.83, 2.77]
Subtotal (95%CI)
90
120 60.7%
1.45 [-0.21, 3.12]
2
Heterogeneity. Tau² = 1.38; χ = 23.00, df = 1 (P < 0.00001); I² = 96%
Test for overall effect: Z = 1.71 (P = 0.09)
Total (95%CI)
195
185 100.0% 1.96 [0.74, 3.17]
2
Heterogeneity. Tau² = 1.20; χ = 29.21, df = 3 (P < 0.00001); I² = 90%
Test for overall effect: Z = 3.15 (P = 0.002)
2
Test for subgroup differences: χ = 0.79, df = 1 (P = 0.37), I² = 0%

B

Cell transplantation

Study or subgroup

Mean

SD

Control

Total Mean

Mean difference

SD Total Weight IV, Random, 95%CI

RCT
Lyra 2010
4.7
5.4
15
0.7 2.2
Mohamadnejad 2013 0
1
14
3
2
Salama 2010
3.1
1.1
90
-2.5 1.3
Subtotal (95%CI)
119
2
Heterogeneity. Tau² = 30.71; χ = 153.59, df = 2 (P <
Test for overall effect: Z = 0.67 (P = 0.05)

15 13.7%
11 16.9%
50 17.8%
76 48.4%
0.00001); I² =

NRCT
Bai 2014
5.6
1.1
37
2.2
1
15
El-Ansary 2011
2
2.1
15
0
1.3 10
Peng 2011
7.5
0.9
6
4.1
2
15
Subtotal (95%CI)
58
40
2
Heterogeneity. Tau² = 0.23; χ = 3.61, df = 2 (P = 0.16); I²
Test for overall effect: Z = 7.58 (P < 0.00001)

17.7%
16.9%
17.0%
51.6%
= 45%

Cell transplantation

Study or subgroup

Mean

SD

Control

Total Mean

Mean difference
IV, Random, 95%CI

4.00 [1.05, 6.95]
-3.00 [-4.29, -1.71]
5.60 [5.17, 6.03]
2.18 [-4.18, 8.54]
99%

3.40 [2.78, 4.02]
2.00 [0.67, 3.33]
3.40 [2.16, 4.64]
3.07 [2.27, 3.86]

Total (95%CI)
177
116 100.0% 2.55 [0.32, 4.79]
2
Heterogeneity: Tau² = 7.26; χ = 179.06, df = 5 (P < 0.00001); I² = 97%
Test for overall effect: Z = 2.24 (P = 0.03)
2
Test for subgroup differences: χ = 0.07, df = 1 (P = 0.79), I² = 0%

C

-4
-2
0
2
4
Favours transplantation Favours control

Mean difference

SD Total Weight IV, Random, 95%CI

-4
-2
0
2
4
Favours transplantation Favours control

Mean difference
IV, Random, 95%CI

RCT
Lyra 2010
3.2
3.9
15
-0.7 1.7 15 15.1%
3.90 [1.75, 6.05]
Mohamadnejad 2013 0
4.4
14
4
7.1 11 11.4% -4.00 [-8.79, 0.79]
Salama 2010
3.3
3.5
90
-5.9
1
50 16.3%
9.20 [8.43, 9.97]
Subtotal (95%CI)
119
76 42.8%
3.49 [-2.45, 9.43]
2
Heterogeneity. Tau² = 25.31; χ = 46.59, df = 2 (P < 0.00001); I² = 96%
Test for overall effect: Z = 1.15 (P = 0.25)
NRCT
Bai 2014
6
2.5
37
2.3
El-Ansary 2011
3
5
15
0
Peng 2011
7.7
2.8
6
4.5
Saito 2011
5.2
4.9
5
0.9
Subtotal (95%CI)
63
2
Heterogeneity. Tau² = 0.00; χ = 0.44, df = 3 (P
Test for overall effect: Z = 8.85 (P < 0.00001)

0.84
1.3
1.4
1.8

15
10
15
5
45
= 0.93); I²

16.2%
14.5%
14.9%
11.7%
57.2%
= 0%

3.70 [2.79, 4.61]
3.00 [0.34, 5.66]
3.20 [0.85, 5.55]
4.30 [-0.28, 8.88]
3.60 [2.80, 4.39]

Total (95%CI)
182
121 100.0% 3.65 [0.75, 6.54]
2
Heterogeneity: Tau² = 13.21; χ = 120.92, df = 6 (P < 0.00001); I² = 95%
-10
Test for overall effect: Z = 2.47 (P = 0.01)
2
Test for subgroup differences: χ = 0.00, df = 1 (P = 0.97), I² = 0%
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D

Cell transplantation

Study or subgroup

Mean

SD

Control

Total Mean SD

Total Weight

Mean difference

Mean difference

IV, Random, 95%CI

IV, Random, 95%CI

RCT
Lyra 2010
3.5 4.3
15
-0.7 3.1
15 25.5%
4.20 [1.52, 6.88]
Mohamadnejad 2013 -2
8
14
4
3
11 20.4%
-6.00 [-10.55, -1.45]
Subtotal (95%CI)
29
26 45.9%
-0.73 [-10.72, 9.26]
2
Heterogeneity. Tau² = 48.39; χ = 14.32, df = 1 (P = 0.0002); I² = 93%
Test for overall effect: Z = 0.14 (P = 0.89)
NRCT
Bai 2014
6.6
4
37
1.6 1.5
15 28.1%
Peng 2011
7.6
3
6
6.9 1.2
15 26.0%
Subtotal (95%CI)
43
30 54.1%
2
Heterogeneity. Tau² = 8.16; χ = 8.49, df = 1 (P = 0.004); I² = 88%
Test for overall effect: Z = 1.38 (P = 0.17)

5.00 [3.50, 6.50]
0.70 [-1.78, 3.18]
2.97 [-1.24, 7.18]

Total (95%CI)
72
56 100.0%
1.43 [-2.27, 5.14]
2
Heterogeneity: Tau² = 12.14; χ = 25.68, df = 3 (P < 0.0001); I² = 88%
-10
Test for overall effect: Z = 0.76 (P = 0.45)
2
Test for subgroup differences: χ = 0.45, df = 1 (P = 0.50), I² = 0%

-5
Favours transplantation

0

5
Favours control

10

Figure 2 Changes in albumin level at 1 mo (A), 3 mo (B), 6 mo (C), and 12 mo (D) after autologous bone marrow transplantation.

A

Cell transplantation

Study or subgroup

Mean

SD

Total

Control
Mean

SD

Total

Weight

RCT
Lyra 2010
0.08
1.87
15
3.03
3.1
15
24.9%
Salama 2010
0.24
3.6
90
0.12
3
50
33.7%
Subtotal (95%CI)
105
65
58.6%
2
Heterogeneity. Tau² = 4.11; χ = 7.87, df = 1 (P = 0.005); I² = 87%
Test for overall effect: Z = 0.86 (P = 0.39)
NRCT
Bai 2014
-0.47 1.58
37
-0.36 2.02
Peng 2011
-5.79 14.51
53
-4.05 11.98
Subtotal (95%CI)
90
2
Heterogeneity. Tau² = 0.00; χ = 0.47, df = 1 (P = 0.49); I² =
Test for overall effect: Z = 0.37 (P = 0.71)

Mean difference
IV, Random, 95%CI

-2.95 [-4.78, -1.12]
0.12 [-1.00, 1.24]
-1.33 [-4.33, 1.68]

33.4%
8.0%
41.4%

-0.11 [-1.25, 1.03]
-1.74 [-6.27, 2.79]
-0.21 [-1.31, 0.90]

Total (95%CI)
195
185 100.0%
2
Heterogeneity. Tau² = 1.23; χ = 8.79, df = 3 (P = 0.03); I² = 66%
Test for overall effect: Z = 1.20 (P = 0.23)
2
Test for subgroup differences: χ = 0.47, df = 1 (P = 0.49), I² = 0%

-0.87 [-2.29, 0.55]

B

Cell transplantation

Study or subgroup

Mean

SD

Total

15
105
120
0%

Mean difference
IV, Random, 95%CI

Control
Mean

SD

Total

Weight

RCT
Lyra 2010
0.02
2.09
15
4.4
2.29
15
26.3%
Mohamadnejad 2013 1.4
5.9
14
-0.45
5.1
11
13.4%
Salama 2010
-0.17 3.23
90
0.73
3.26
50
28.4%
Subtotal (95%CI)
119
76
68.1%
2
Heterogeneity. Tau² = 5.71; χ = 15.54, df = 2 (P = 0.0004); I² = 87%
Test for overall effect: Z = 1.03 (P = 0.30)
NRCT
Bai 2014
-0.3
1.38
37
-0.46 2.22
El-Ansary 2011
-4
14.7
15
0
30.5
Peng 2011
-5.79 14.51
6
-9.01 4.54
Subtotal (95%CI)
58
2
Heterogeneity. Tau² = 0.00; χ = 0.42, df = 2 (P = 0.81); I² =
Test for overall effect: Z = 0.29 (P = 0.77)

15
10
15
40
0%

28.0%
1.0%
2.8%
31.9%

Total (95%CI)
177
116 100.0%
2
Heterogeneity. Tau² = 3.70; χ = 23.44, df = 5 (P = 0.0003); I² = 79%
Test for overall effect: Z = 1.00 (P = 0.32)
2
Test for subgroup differences: χ = 1.12, df = 1 (P = 0.29), I² = 11.1%
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-4
-2
0
2
4
Favours transplantation Favours control

Mean difference

Mean difference

IV, Random, 95%CI

IV, Random, 95%CI

-4.38 [-5.95, -2.81]
1.85 [-2.47, 6.17]
-0.90 [-2.02, 0.22]
-1.59 [-4.62, 1.45]

0.16 [-1.05, 1.37]
-4.00 [-24.31, 16.31]
3.22 [-8.62, 15.06]
0.18 [-1.02, 1.38]

-1.07 [-3.16, 1.03]
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C

Cell transplantation

Study or subgroup

Mean

SD

Control

Total

Mean

SD

Total

Weight

RCT
Lyra 2010
0.2
1.79
15
4.48
2.95
15
19.0%
Mohamadnejad 2013 -0.5
1
14
-0.45 1.65
11
23.8%
Salama 2010
-0.33 3.22
90
0.9
3.05
50
24.0%
Subtotal (95%CI)
119
76
66.8%
2
Heterogeneity. Tau² = 2.93; χ = 16.08, df = 2 (P = 0.0003); I² = 88%
Test for overall effect: Z = 1.64 (P = 0.10)
NRCT
Bai 2014
-1.18 1.41
37
El-Ansary 2011
-4
12.5
15
Peng 2011
-10.53 4.72
6
Subtotal (95%CI)
58
2
Heterogeneity. Tau² = 0.00; χ = 0.29, df = 2
Test for overall effect: Z = 1.04 (P = 0.30)

-0.61
-1.5
-10

2.28
4.4
3.92

15
10
15
40
(P = 0.86); I² = 0%

Cell transplantation

Mean difference
IV, Random, 95%CI

-4.28 [-6.03, -2.53]
-0.05 [-1.16, 1.06]
-1.23 [-2.31, -0.15]
-1.74 [-3.83, 0.34]

22.8%
3.2%
7.1%
33.2%

-0.57 [-1.81,
-2.50 [-9.39,
-0.53 [-4.80,
-0.62 [-1.80,

Total (95%CI)
177
116 100.0%
2
Heterogeneity. Tau² = 1.57; χ = 17.18, df = 5 (P = 0.004); I² = 71%
Test for overall effect: Z = 2.04 (P = 0.04)
2
Test for subgroup differences: χ = 0.85, df = 1 (P = 0.36), I² = 0%

D

Mean difference
IV, Random, 95%CI

0.67]
4.39]
3.74]
0.55]

-1.37 [-2.68, -0.06]
-10

0

5
Favours control

Mean difference

Mean difference

Total

Weight

IV, Random, 95%CI

IV, Random, 95%CI

RCT
Lyra 2010
0.77
2.24
15
4.35
2.14
Mohamadnejad 2013 -0.5
3.95
14
-0.6
4.85
Subtotal (95%CI)
29
2
Heterogeneity. Tau² = 4.82; χ = 3.48, df = 1 (P = 0.06); I² =
Test for overall effect: Z = 1.16 (P = 0.25)

15
11
26
71%

31.9%
18.3%
50.2%

-3.58 [-5.15, -2.01]
0.10 [-3.43, 3.63]
-2.10 [-5.63, 1.44]

NRCT
Bai 2014
-1.35 1.36
37
-0.87 2.03
Peng 2011
-10.26 4.78
6
-10.1
3.7
Subtotal (95%CI)
43
2
Heterogeneity. Tau² = 0.00; χ = 0.02, df = 1 (P = 0.89); I² =
Test for overall effect: Z = 0.83 (P = 0.40)

15
15
30
0%

35.1%
14.7%
49.8%

-0.48 [-1.60, 0.64]
-0.16 [-4.42, 4.10]
-0.46 [-1.54, 0.62]

Total (95%CI)
72
56
100.0%
2
Heterogeneity. Tau² = 2.85; χ = 11.05, df = 3 (P = 0.01); I² = 73%
Test for overall effect: Z = 1.25 (P = 0.21)
2
Test for subgroup differences: χ = 0.75, df = 1 (P = 0.39), I² = 0%

-1.32 [-3.39, 0.75]

Study or subgroup

Mean

SD

Total

Control

-5
Favours transplantation
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5
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10
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Figure 3 Changes in total bilirubin level at 1 mo (A), 3 mo (B), 6 mo (C), and 12 mo (D) after autologous bone marrow transplantation.

A

Cell transplantation

Study or subgroup

Mean

SD

Control

Total Mean

SD

Total Weight

RCT
Mohamadnejad 2013 21.2 35.3
14 22.6 86.6
11
1.3%
Salama 2010
-17.2 14.68 90
0.1 21.19 50 88.6%
Subtotal (95%CI)
104
61 89.9%
2
Heterogeneity. Tau² = 0.00; χ = 0.32, df = 1 (P = 0.57); I² = 0%
Test for overall effect: Z = 5.10 (P < 0.00001)
NRCT
El-Ansary 2011
0
30.5
15
Subtotal (95%CI)
15
Heterogeneity. Not applicable
Test for overall effect: Z = 0.95 (P = 0.34)

9.5

19.4

10
10

10.1%
10.1%

Mean difference

Mean difference

IV, Random, 95%CI

IV, Random, 95%CI

-1.40 [-55.81, 53.01]
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SD
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4.7
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Mean difference

Mean difference

IV, Random, 95%CI
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-13.90 [-18.35, -9.45]
-13.90 [-18.35, -9.45]
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-13.00 [-25.30, -0.70]
-13.00 [-25.30, -0.70]

Total (95%CI)
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Figure 4 Changes in aspartate transaminase level at 3 mo (A) and 6 mo (B) after autologous bone marrow transplantation.
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18.1
14
5
22.5
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2
Heterogeneity. Tau² = 65.84; χ = 2.81, df = 1 (P = 0.09);
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Total (95%CI)
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Heterogeneity. Tau² = 59.79; χ = 3.55, df = 1 (P = 0.06); I² = 72%
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Figure 5 Changes in alanine transaminase level at 3 mo (A) and 6 mo (B) after autologous bone marrow transplantation.

changes and changes in AST at 3 and 6 mo after cell
transplantation, and a moderate negative correlation
between HCV titer changes and changes in ALT at

BM-MNC transplantation might help remove the
aforementioned viruses. In the study by Salama et al,
there was a negative correlation between HCV titer
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A
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Mean

SD
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-3.5
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Subtotal (95%CI)
Heterogeneity. Not applicable
Test for overall effect: Z = 1.43 (P = 0.15)
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Peng 2011
-10.87 10.29
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2
Heterogeneity. Tau² = 5.85; χ = 4.26, df = 1 (P = 0.04); I² = 77%
Test for overall effect: Z = 0.28 (P = 0.78)
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Test for overall effect: Z = 0.23 (P = 0.81)
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56

30.6%
16.9%
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Total (95%CI)
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2
Heterogeneity. Tau² = 1.74; χ = 6.12, df = 3 (P = 0.11); I² = 51%
Test for overall effect: Z = 0.76 (P = 0.45)
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Test for subgroup differences: χ = 3.20, df = 1 (P = 0.07), I² = 68.7%
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2
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Test for overall effect: Z = 0.38 (P = 0.70)
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Heterogeneity. Not applicable
Test for overall effect: Z = 1.58 (P = 0.11)

6
6

-11.25

6.66

Weight IV, Random, 95%CI
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26

47.1%
36.6%
83.7%

-1.26 [-3.25, 0.73]
0.80 [-1.75, 3.35]
-0.39 [-2.38, 1.60]

15
15

16.3%
16.3%

-3.66 [-8.20, 0.88]
-3.66 [-8.20, 0.88]

Total (95%CI)
35
41
2
Heterogeneity. Tau² = 1.26; χ = 3.24, df = 2 (P = 0.20); I² = 38%
Test for overall effect: Z = 0.86 (P = 0.39)
2
Test for subgroup differences: χ = 1.67, df = 1 (P = 0.20), I² = 40.1%

WJG|www.wjgnet.com

-1.59 [-3.74, 0.56]
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Mean difference
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Test for overall effect: Z = 1.51 (P = 0.13)
Test for subgroup differences: χ = 0.04, df = 1 (P = 0.84), I² = 0%
2

Figure 6 Changes in model for end-stage liver disease score at 1 mo (A), 3 mo (B), 6 mo (C), and 12 mo (D) after autologous bone marrow transplantation.
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Mohamadnejad 2013

-0.65

1.5

14

-1.8

1.1

11

49.4%

1.15 [0.13, 2.17]

26

100.0%

0.05 [-2.09, 2.18]

Total (95%CI)

29

0

4

Mean difference

Weight IV, Random, 95%CI

Heterogeneity. Tau² = 2.13; χ = 9.74, df = 1 (P = 0.002); I² = 90%

2
Favours control

IV, Random, 95%CI

2

-4
-2
0
2
4
Favours transplantation Favours control

Test for overall effect: Z = 0.04 (P = 0.97)

C

Cell transplantation

Control

Mean difference

Study or subgroup

Mean

SD

Total

Mean

SD

Total

Lyra 2010

-0.17

1.22

15

0.42

1.1

15

54.2%

-0.59 [-1.42, -0.24]

Mohamadnejad 2013

-0.7

1.5

14

-1.7

1.6

11

45.8%

1.00 [-0.23, 2.23]

26

100.0%

0.14 [-1.41, 1.69]

Total (95%CI)

29

Mean difference

Weight IV, Random, 95%CI

Heterogeneity. Tau² = 0.98; χ = 4.41, df = 1 (P = 0.04); I² = 77%

IV, Random, 95%CI

2

-4

Test for overall effect: Z = 0.17 (P = 0.86)

-2
Favours transplantation

0

2
Favours control

4

Figure 7 Changes in Child-Pugh score at 3 mo (A), 6 mo (B), and 12 mo (C) after autologous bone marrow transplantation.
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Mean

SD
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Mean difference
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Figure 8 Changes in prothrombin time at 1 mo (A), 6 mo (B), and 12 mo (C) after autologous bone marrow transplantation.
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[13]

2 mo after cell transplantation . However, another
study demonstrated that the severity of liver disease
[26]
is independent of serum levels of HCV . To date, no
direct antivirus effect of BM-MNCs has been clearly
demonstrated, and this possible role, if it exists, could
be due to the enhancement of hepatic local immune
function induced by BM-MNCs. In general, autologous
BM-MNC transplantation may restore liver function
from two aspects: assisting with the repair of the
damaged liver and a beneficial effect for hepatitis
virus clearance. However, the exact process whereby
BM-MNCs promote hepatocyte regeneration or liver
restoration remains to be determined.
There was usually a gradual improvement in the
hepatic functional reserve in patients who underwent
BM-MNC transplantation. For instance, the maximum
improvement in Child-Pugh score occurred after 6
mo in the largest cohort of HCV-associated end[14]
stage liver disease patients . On the other hand, the
long-term benefits of BM-MNC transplantation were
not as convincible as the short-term ones. Peng et
[15]
al
documented the positive results of short-term
analysis; however, a longer investigation revealed
these beneficial effects failed to last more than 2
years. Indeed, most relevant studies only reported
short-term benefits, and for the studies containing
long-term results, beneficial effects failed to last for a
long period of time. There were many reasons for the
ambiguous results in long-term follow-up. For instance,
the parameters used to assess clinical improvement
are different. These parameters have different clinical
implications, and some are more sensible than others.
Another reason is that the details of autologous BMMNC transplantation are actually distinct among the
studies, causing different long-term results. Thirdly,
the activity of transplanted cells and whether they
induced the process of liver repopulation are critical
to preserving the long-term effects of this therapy.
Accordingly, two strategies are needed to verify
and improve the long-term effects. On one hand,
basic researchers need to understand the biological
process of BMSC-induced liver repopulation and find
appropriate methods to boost it. On the other hand,
clinical investigators should use more parameters to
comprehensively evaluate clinical improvement.
Given the undetermined role of BM-MNC trans
plantation in long-term follow-up, some investigators
have tried to assess whether repetitive transplan
tation of autologous BM-MNCs at regular intervals
could be a strategy for improving the conditions of
[21]
decompensated cirrhosis . Repeated autologous
BMSC infusions or the combination of cell therapy
with granulocyte colony-stimulating factor might
be a promising treatment option for patients with
[2]
advanced chronic liver disease . It has been shown
that transfusion through peripheral veins might result
[6,8]
in promising outcomes . However, Mohamadnejad
[19]
et al
recommended that infusion of BMSCs through
peripheral veins was probably not beneficial in
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decompensated cirrhosis by concluding that “liver
transplantation is still considered the standard treatment
for decompensated cirrhosis”. It should be remembered
that the natural history of cirrhosis is often varying.
Methods to improve the infusion method and optimize
the cell transplant type and transplantation strategy
[21]
require further study . Long-term studies are needed
to improve BM-MNC transplantation for treatment of
cirrhosis.
Due to the considerable clinical and statistical
heterogeneity among these studies, the results of
the meta-analysis should be cautiously interpreted.
Several reasons contributed to the heterogeneity.
Firstly, only half of the included studies were RCTs,
with the inclusion of non-RCTs reducing the quality of
the evidence. Since BM transplantation is an invasive
procedure that requires general anesthesia, patients
who underwent BM transplantation were prone to
relatively better liver function in non-RCTs; this could
introduce bias. Although most results were similar with
or without the inclusion of non-RCTs, some results
became insignificant after the exclusion of non-RCTs;
this was mostly because of the low number of included
studies. Secondly, the exact type (BM-MNCs or BMSCs)
and number of cells transplanted were different among
studies (see Table 1), as well as the heterogeneity of
etiology and the severity of the diseases. Even among
the RCTs, contradictory results were reported. For
[19]
instance, the study by Mohamadnejad et al
showed
a relatively poor prognosis in the experimental group
compared to that of the control group with regard
to albumin and Child-Pugh score. Thirdly, there was
a lack of clinical follow-up details to ascertain the
specific results at certain time points in some studies,
and we had to calculate or estimate these data using
appropriate means. Although we carefully performed
the estimation, this could make the results deviate
from the actual values. Additionally, some parameters
were not comparable among studies, which led to
painstaking work to evaluate the particular connection
in view of the numerous outcomes. To be conventional,
we simulated that the correlation coefficient equaled
-1 when mandatory. This assumption resulted in a
large SD and a wide range of 95%CI, which made the
meta-analysis less sensitive with the minimized type II
error, and thus could have underestimated the efficacy
of this treatment.
In conclusion, our study implies that the shortterm outcomes of autologous BM transplantation
were satisfactory in patients with decompensated
liver disease. However, many concerns need to be
addressed by further basic research and clinical
trials in large-volume centers. For instance, the
type and number of cell transplanted, the route of
transplantation (e.g., portal vein, or hepatic artery),
pretreatment of cells, repeat cell transplantation,
and concomitant adjuvant therapy are important to
authenticate autologous BM-MNC transplantation. In
addition, well-designed randomized controlled trials are
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required to verify and enhance effectiveness, especially
for long-term outcomes, by addressing these issues.
Cell transplantation is an innovative intervention for
end-stage liver disease, although caution is advised
when advocating its effectiveness in clinical practice
with the currently available evidence.
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decompensated liver disease. Bone marrow stem cell transplantation is a
potential therapeutic approach for patients with decompensated liver disease.

14

Peer-review

This systematic review and meta-analysis describes the effectiveness of
autologous bone marrow transplantation for the treatment of decompensated
liver disease. The data show that autologous bone marrow transplantation
is an effective treatment for restoring liver function in patients with advanced
liver cirrhosis, albeit with limited duration. The data are well-analyzed and wellwritten.
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META-ANALYSIS

Interleukin-18 genetic polymorphisms contribute
differentially to the susceptibility to Crohn’s disease
Su-Jun Gao, Li Zhang, Wei Lu, Lu Wang, Lei Chen, Zhen Zhu, Hai-Hang Zhu
(IL-18 ) gene polymorphisms and the risk of developing
Crohn’s disease (CD).

Su-Jun Gao, Li Zhang, Wei Lu, Lu Wang, Lei Chen, Zhen
Zhu, Hai-Hang Zhu, Department of Gastroenterology, Subei
People’s Hospital, Yangzhou 225001, Zhejiang Province, China

METHODS: The PubMed, CISCOM, CINAHL, Web of
Science, EBSCO, Cochrane Library, MEDLINE, EMBASE
and CBM databases were searched without any
language restrictions using combinations of keywords
relating to CD and IL-18 for relevant articles published
st
before November 1 , 2013. Screening of the published
studies retrieved from searches was based on our
stringent inclusion and exclusion criteria and resulted
in seven eligible studies for meta-analysis. A metaanalysis was conducted using a random-effects model
with STATA 12.0 software. Crude odds ratios (ORs) with
95% confidence intervals (95%CI) were calculated.
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RESULTS: Seven case-control studies, with a total of
1930 CD cases and 1930 healthy subjects, met our
inclusion criteria. The results of our meta-analysis
indicated that the IL-18 rs1946518 A>C and rs187238
G>C polymorphisms may correlate with an increased
risk of CD under five genetic models (all P < 0.05).
Furthermore, we observed positive associations
between the IL-18 rs360718 A>C polymorphism and
CD risk under three genetic models (C allele vs A
allele: OR = 2.03, 95%CI: 1.20-3.43, P = 0.008; CC
vs AA+AC: OR = 2.39, 95%CI: 1.2-4.43, P = 0.006;
CC vs AC: OR = 2.31, 95%CI: 1.22-4.38, P = 0.010).
However, such associations were not found for the
IL-18 rs917997 C>T, codon 35 A>C and rs1946519
G>T polymorphisms (all P > 0.05). A subgroup analysis
was conducted to investigate the effect of ethnicity
on an individual’s susceptibility to CD. Our results
revealed positive correlations between IL-18 genetic
polymorphisms and an increased risk of CD among
Asians and Africans (all P < 0.05), but not among
Caucasians (all P > 0.05).
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CONCLUSION: This meta-analysis indicated that the
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IL-18 rs1946518 A>C, rs187238 G>C and rs360718

AIM: To investigate the correlation between interleukin-18
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to CD, especially among Asians and Africans. These
polymorphisms are known to reduce IL-18 mRNA and
protein levels.

The human IL-18 gene comprises six exons and
five introns, and has been mapped to chromosome
11q22.2-q22.3, with an overall length of approximately
[18]
19.5 kb . Although the specific pathogenesis of CD
is still not completely understood, single nucleotide
polymorphisms (SNPs) in the IL-18 gene alter IL-18
production and function, leading to an imbalance in
the Th1/Th2 cytokine response, thereby affecting an
[19,20]
individual’s susceptibility to CD
. Several studies
have shown that common polymorphisms in the
IL-18 gene may contribute to the development of
[21,22]
CD
. However, findings from these studies have
[22]
been contradictory with respect to individual SNPs .
Consequently, we performed the present meta-analysis
of all available data to evaluate the relationships
between IL-18 genetic polymorphisms and CD risk.

Key words: Interleukin-18; Single nucleotide polymorphism;
Crohn’s disease; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This meta-analysis was performed to evaluate
the relationships between genetic polymorphisms in the
Interleukin-18 gene and the risk of developing Crohn’s
disease.
Gao SJ, Zhang L, Lu W, Wang L, Chen L, Zhu Z, Zhu HH.
Interleukin-18 genetic polymorphisms contribute differentially
to the susceptibility to Crohn’s disease. World J Gastroenterol
2015; 21(28): 8711-8722 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i28/8711.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8711

MATERIALS AND METHODS
Search strategy

The PubMed, CISCOM, CINAHL, Web of Science,
EBSCO, Cochrane Library, and CBM databases were
searched without language restrictions for relevant
st
articles published before November 1 , 2013. The
following key words and MeSH terms were used:
(“SNP” or “mutation” or “genetic polymorphism” or
“variation” or “polymorphism” or “single nucleotide
polymorphism” or “variant”) and (“Crohn’s disease”
or “CD” or “Crohn syndrome” or “regional enteritis”)
and (“interleukin-18” or “IL-18” or “interleukin-18
receptors” or “IL-18 receptors”). We also performed
a manual search of the reference lists of the relevant
articles to find other potential articles.

INTRODUCTION
Crohn’s disease (CD), also known as Crohn syndrome
and regional enteritis, is an inflammatory bowel
disease that can affect any part of the gastrointestinal
[1]
tract from the mouth to the anus . Clinically, the
symptoms of CD include abdominal pain, diarrhea,
[2]
vomiting, and weight loss . It is estimated that CD
affects 400000 to 600000 people, with an incidence
[3]
of 1/1000 per year in western countries . CD is
largely caused by interactions among environmental,
[4]
immunological and genetic factors . Environmental
factors, such as age, sex, tobacco smoking and
[1,5,6]
intake of animal protein, may lead to CD
. Current
studies have shown that the development of CD may
involve known genetic polymorphisms found in several
[7,8]
inflammation-related genes .
Interleukin (IL)-18, which belongs to the IL-1
cytokine superfamily, is a pro-inflammatory cytokine
with pleiotropic activities extending from Th1/Th2
polarization to activation of innate immunity and
[9,10]
inflammatory pathways
. IL-18 is mainly produced
by macrophages, dendritic cells, keratinocytes,
[11]
osteoblasts and intestinal epithelial cells . IL-18
increases interferon (IFN)-γ production by T helper 1
[12,13]
(Th1) cells together with IL-12
. In addition, IL-18
stimulates the expression of tumor necrosis factor
(TNF)-α and IL-1β, increases the differentiation of
T cells to the proinflammatory Th1 phenotype and
impairs the synthesis of the anti-inflammatory cytokine
[14,15]
IL-10
. Epidemiological studies have demonstrated
that IL-18 may interfere with the regulation of the T
helper 2 (Th2)-mediated immune response, which is
involved in the pathogenesis of Th1 and Th2 chronic
[16,17]
inflammatory diseases, including CD
.

WJG|www.wjgnet.com

Selection criteria

The included studies met all four of the following
criteria: (1) the study design must be a case-controlled
study that focused on the relationships between IL-18
genetic polymorphisms and the risk of developing CD;
(2) all patients diagnosed with CD must be confirmed
by endoscopy and histopathological examinations; (3)
the genotype frequencies of healthy controls should
follow the Hardy-Weinberg equilibrium (HWE); and (4)
the study must provide sufficient information about the
genotype frequencies. If the study did not meet the
inclusion criteria, it was excluded. When the authors
published several studies using the same subjects, the
publication that was the most recent or contained the
largest sample was included.

Data extraction

Relevant data were systematically extracted from all
included studies by two observers using a standardized
form. The researchers collected the following data:
publication language, publication year, the first author’s
surname, geographical location, study design, sample
size, the source of the subjects, genotype frequencies,
sample source, genotyping method and evidence of
the HWE.

8712

July 28, 2015|Volume 21|Issue 28|
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Articles identified through
electronic database searching
(n = 124)

Additional articles identified
through a manual search
(n = 3)

Screening

Articles reviewed for duplicates
(n = 127)

Articles after duplicates removed
(n = 126)

Studies were excluded, due to:
(n = 16) Letters, reviews, meta-analysis
(n = 22) Not human studies
(n = 28) Not related to research topics

Eligibility

Full-text articles assessed for eligibility
(n = 60)

Studies were excluded, due to:
(n = 9) Not case-control or cohort study
(n = 17) Not relevant to IL-18
(n = 24) Not relevant to Crohn’s disease

Studies included in qualitative synthesis
(n = 10)

Included

Studies included in quantitative
synthesis (meta-analysis)
(n = 7)

Figure 1 Flow chart of the literature search and study selection. Seven case-control studies were included in this meta-analysis.

Quality assessment

We reviewed the titles and abstracts of all of the
articles and excluded 66 articles. Next, the full text
and data integrity were reviewed, and 54 additional
articles were excluded. Finally, seven case-control
studies with a total of 1930 CD cases and 1930 healthy
subjects met our inclusion criteria for qualitative
[21,26-31]
data analysis
. Publication years of the eligible
studies ranged from 2005 to 2011. Figure 1 shows the
selection process of the eligible articles. Overall, three
studies were conducted in Asians, three in Caucasians,
and only one in Africans. Six common polymorphisms
in the IL-18 gene were assessed: rs1946518 A>C,
rs187238 G>C, rs360718 A>C, rs917997 C>T, codon
35 A>C and rs1946519 G>T. Genotyping methods
included polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP), PCR-sequencespecific primers (PCR-SSP), direct DNA sequencing and
TaqMan assay methods. None of the studies deviated
from the HWE (all P > 0.05). The NOS scores of all
included studies were ≥ 5. We summarized the study
characteristics and methodological quality in Table 1.

Methodological quality was evaluated separately by
two observers using the Newcastle-Ottawa Scale (NOS)
[23]
criteria . The NOS criteria include three aspects: (1)
subject selection: 0-4; (2) comparability of subject:
0-2; and (3) clinical outcome: 0-3. NOS scores ranged
from 0 to 9, with a score ≥ 7 indicating good quality.

Statistical analysis

STATA version 12.0 (Stata Corp, College Station,
TX, United States) software was used for the metaanalysis. We calculated crude odds ratios (ORs) with
their 95% confidence intervals (95%CI) to evaluate
the relationships with five genetic models. Genotype
frequencies of healthy controls were tested for the
2
HWE using the χ test. The statistical significance
of pooled ORs was assessed using the Z test. The
2
Cochran’s Q-statistic and I test were used to evaluate
[24]
potential heterogeneity between studies . If the
2
Q-test showed a P < 0.05 or the I test scored > 50%,
indicating significant heterogeneity, the random-effects
model or the fixed-effects model was used. We also
performed subgroup and meta-regression analyses
to investigate potential sources of heterogeneity. We
conducted a sensitivity analysis to assess the influence
of single studies on overall ORs. Funnel plots and the
Egger’s linear regression test were used to investigate
[25]
publication bias .

Quantitative data synthesis

The meta-analysis findings of the relationships
between IL-18 genetic polymorphisms and the risk of
CD are shown in Table 2. The random effects model
was used because of the heterogeneity between
studies. Our meta-analysis showed that the IL-18
rs1946518 A>C and rs187238 G>C polymorphisms
were associated with increased risk of CD under five
genetic models (all P < 0.05). We also found positive
associations between the IL-18 rs360718 A>C
polymorphism and CD risk under three genetic models

RESULTS
Baseline characteristics of included studies

Initially, the keyword searches identified 127 articles.

WJG|www.wjgnet.com
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Table 1 Main characteristics and methodological quality of all eligible studies of the relationship between interleukin-18 genetic
polymorphisms and the risk of developing Crohn’s disease
Ref.

Year Country

Ethnicity

Number

Gender (M/F)

CD Control
Ben Aleya et
al[21]
Dema et al[27]
Haas et al[29]
Glas et al[28]

2011

Tunisia

African

2009
Spain
Caucasian
2005 Germany Caucasian
2005 Germany Caucasian

Tamura et
2008
al[31]
Takagawa et 2005
al[30]
Aizawa et
2005
al[26]

Age (yr)

CD

Control

CD

Control

50/55

52/48

23-60

-

105

100

722
470
210

794
347
265

274/448
139/331 122/225
83/127 141/124 39.1 ± 13.6 43.2 ± 12.5

Japan

Asian

134

110

102/32

55/55

Japan

Asian

210

212

150/60

97/115

Japan

Asian

79

102

61/18

50/52

15-65

Genotyping
method

SNP type

HWE test
(P value)

NOS
score

PCR-SSP

rs1946518 A>C
rs187238 G>C
rs917997 C>T
rs187238 G>C
rs1946518 A>C
rs187238 G>C
codon 35 A>C
codon 35 A>C

0.051
0.284
0.609
0.637
0.592
0.123
0.774
0.606

6

0.298
0.197
0.947

8

TaqMan
TaqMan
PCR-RFLP

15-75

Direct
sequencing
32.4 ± 9.8 38.2 ± 13.7 PCR-SSP rs1946518 A>C
rs187238 G>C
36.8 ± 9.2 37.6 ± 6.9
Direct
rs1946519 G>T
sequencing
rs1946518 A>C
rs187238 G>C
rs360718 A> C

5
6
8

8

8

0.840
0.586
0.327

M/F: Male/female; CD: Crohn’s disease; SNP: Single nucleotide polymorphism; HWE: Hardy-Weinberg Equilibrium; NOS: Newcastle-Ottawa Scale; PCRSSP: Polymerase chain reaction-sequence-specific primers; RFLP: Restriction fragment length polymorphism.

Table 2 Meta-analysis of subgroups for the relationships between IL-18 genetic polymorphisms and Crohn’s disease risk
W allele vs M allele
(Allele model)

WW + WM vs MM
(Dominant model)

OR 95%CI P value OR
SNP type
rs1946518 A>C
rs187238 G>C
rs360718 A>C
rs917997 C>T
codon 35 A>C
rs1946519 G>T
Ethnicity
Asians
Africans
Caucasians
Genotyping method
PCR-SSP
TaqMan
PCR-RFLP
Direct sequencing
Sample size
Small sample-size (n ≤ 200)
Large sample-size (n > 200)

1.45
1.69
2.03
0.91
1.15
1.14

WW vs WM + MM
(Recessive model)

95%CI P value OR

WW vs MM
(Homozygous model)

95%CI P value OR

WW vs WM
(Heterozygous model)

95%CI P value OR

95%CI

P value

1.22-1.72
1.39-2.06
1.20-3.43
0.77-1.06
0.91-1.45
0.74-1.77

0.000
0.000
0.008
0.229
0.256
0.545

1.62
2.04
2.33
0.80
1.30
1.24

1.22-2.14
1.48-2.81
0.46-11.88
0.55-1.18
0.75-2.26
0.51-3.03

0.001
0.000
0.308
0.267
0.355
0.641

1.59
1.81
2.39
0.91
1.15
1.17

1.26-2.01
1.42-2.31
1.29-4.43
0.74-1.11
0.85-1.55
0.64-2.13

0.000
0.000
0.006
0.349
0.360
0.604

1.98
2.53
3.17
0.78
1.41
1.32

1.45-2.72
1.82-3.52
0.61-16.40
0.52-1.16
0.79-2.52
0.51-3.43

0.000
0.000
0.169
0.220
0.250
0.566

1.43
1.66
2.31
0.93
1.11
1.13

1.12-1.84
1.29-2.13
1.22-4.38
0.76-1.15
0.81-1.52
0.60-2.13

0.005
0.000
0.010
0.525
0.523
0.697

1.54 1.28-1.85
1.99 1.42-2.79
1.23 0.97-1.54

0.000
0.000
0.083

1.81 1.29-2.53
2.69 1.55-4.67
1.27 0.92-1.77

0.001
0.000
0.148

1.65 1.28-2.12
2.11 1.38-3.22
1.29 0.97-1.73

0.000
0.001
0.079

2.25 1.56-3.24
3.55 1.67-7.53
1.44 0.94-2.22

0.000
0.001
0.096

1.54 1.18-2.00
1.66 1.07-2.59
1.25 0.97-1.61

0.001
0.025
0.086

1.67
1.20
1.25
1.56

1.35-2.07
0.69-2.10
1.07-1.46
1.16-2.11

0.000
0.521
0.005
0.003

1.91
1.17
1.36
2.46

1.37-2.67
0.55-2.53
1.00-1.85
1.37-4.43

0.000
0.681
0.053
0.003

1.84
1.29
1.31
1.61

1.45-2.34
0.64-2.58
1.06-1.63
1.08-2.42

0.000
0.479
0.013
0.021

2.35
1.32
1.55
3.21

1.55-3.56
0.46-3.80
1.11-2.16
1.72-5.99

0.000
0.603
0.011
0.000

1.67
1.27
1.25
1.46

1.30-2.15
0.68-2.36
0.99-1.56
0.98-2.18

0.000
0.450
0.059
0.061

1.61 1.29-2.01
1.33 1.08-1.63

0.000
0.007

2.29 1.60-3.27
1.33 1.02-1.74

0.000
0.038

1.66 1.25-2.20
1.44 1.11-1.86

0.001
0.007

2.85 1.93-4.20
1.54 1.07-2.21

0.000
0.019

1.46 1.12-1.90
1.38 1.08-1.76

0.005
0.009

W: Wild-type allele; M: Mutant allele; WW: Wild-type homozygote; WM: Heterozygote; MM: Mutant homozygote; OR: Odds ratio; SNP: Single nucleotide
polymorphism.

(C allele vs A allele: OR = 2.03, 95%CI: 1.20-3.43, P
= 0.008; CC vs AA+AC: OR = 2.39, 95%CI: 1.29-4.43,
P = 0.006; CC vs AC: OR = 2.31, 95%CI: 1.22-4.38,
P = 0.010). However, the IL-18 rs917997 C>T, codon
35 A>C and rs1946519 G>T polymorphisms exhibited
no associations with the risk of CD (all P > 0.05) (Figure
2). A subgroup analysis was performed to investigate
the effect of ethnicity on an individual’s susceptibility to
CD. Our results revealed positive correlations between
IL-18 genetic polymorphisms and an increased risk of
CD among Asians and Africans (all P < 0.05), but not
among Caucasians (all P > 0.05) (Figure 3). We also
performed a subgroup analysis by genotyping method

WJG|www.wjgnet.com

and sample size: the results indicated significant
associations between IL-18 genetic polymorphisms and
an increased risk of CD in the majority of subgroups
(Table 2).
The univariate meta-regression analyses confirmed
that SNP type and ethnicity may be the main sources
of heterogeneity, while multivariate meta-regression
analyses revealed that SNP type and ethnicity were
not the sources of heterogeneity (Table 3). The
results of the sensitivity analysis indicated that the
overall pooled ORs were not affected by a single
study (Figure 4). No evidence of asymmetry was
observed in the funnel plots (Figure 5). The Egger’s
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Allele model (W allelel vs M allele)

Included studies
rs1946518
Ben Aleya W-a (2011)
Glas J-a (2005)
Takagawa T-a (2005)
Aizawa Y-a (2005)
2
Heterogeneity test (I = 14.3%, P = 0.321)
Z test (Z = 4.22, P < 0.001)
rs187238
Ben Aleya W-b (2011)
Haas SL (2005)
Glas J-b (2005)
Takagawa T-b (2005)
Aizawa Y-b (2005)
Aizawa Y-c (2005)
2
Heterogeneity test (I = 41.7%, P = 0.127)
Z test (Z = 5.32, P < 0.001)
rs917997
Dema B (2009)
Z test (Z = 1.20, P = 0.229)
Codon35
Glas J-c (2005)
Tamura K (2008)
2
Heterogeneity test (I = 0.0%, P = 0.860)
Z test (Z = 1.14, P = 0.256)
rs1946519
Aizawa Y-d (2005)
Z test (Z = 0.61, P = 0.545)
rs360718
Aizawa Y-e (2005)
Z test (Z = 2.65, P = 0.008)
2
Heterogeneity test (I = 71.9%, P < 0.001)
Z test (Z = 4.49, P < 0.001)
Random effects analysis
0.263

Weight%

1.69 (1.14, 2.50)
1.19 (0.92, 1.55)
1.53 (1.16, 2.01)
1.72 (1.12, 2.63)
1.45 (1.22, 1.72)

6.37
8.08
7.86
5.94
28.24

2.39
1.61
1.42
1.90
2.27
1.04
1.69

(1.57, 3.63)
(1.30, 1.99)
(1.08, 1.88)
(1.29, 2.80)
(1.35, 3.80)
(0.58, 1.85)
(1.39, 2.06)

6.02
8.66
7.81
6.41
4.98
4.43
38.32

0.91 (0.77, 1.06)
0.91 (0.77, 1.06)

9.28
9.28

1.16 (0.88, 1.52)
1.11 (0.69, 1.76)
1.15 (0.91, 1.45)

7.89
5.51
13.4

1.14 (0.74, 1.77)
1.14 (0.74, 1.77)

5.85
5.85

2.03 (1.20, 3.43)
2.03 (1.20, 3.43)
1.45 (1.23, 1.70)

4.9
4.9
100.00

3.8

Dominant model (WW + WM vs MM)

Included studies
rs1946518
Ben Aleya W-a (2011)
Glas J-a (2005)
Takagawa T-a (2005)
Aizawa Y-a (2005)
2
Heterogeneity test (I = 0.00%, P
Z test (Z = 3.36, P = 0.001)
rs187238
Ben Aleya W-b (2011)
Haas SL (2005)
Glas J-b (2005)
Takagawa T-b (2005)
Aizawa Y-b (2005)
Aizawa Y-c (2005)
2
Heterogeneity test (I = 0.00%, P
Z test (Z = 4.39, P < 0.001)
rs917997
Dema B (2009)
Z test (Z = 1.11, P = 0.267)
Codon35
Glas J-c (2005)
Tamura K (2008)
2
Heterogeneity test (I = 0.00%, P
Z test (Z = 0.92, P = 0.355)
rs1946519
Aizawa Y-d (2005)
Z test (Z = 0.47, P = 0.641)
rs360718
Aizawa Y-e (2005)
Z test (Z = 1.02, P = 0.308)
2
Heterogeneity test (I = 37.8%, P
Z test (Z = 3.82, P < 0.001)
Random effects analysis

1

OR (95%CI )

OR (95%CI )

Weight%

= 0.403)

2.19 (1.16, 4.15)
1.20 (0.75, 1.90)
1.72 (1.05, 2.81)
2.09 (0.93, 4.69)
1.62 (1.22, 2.14)

8.28
11.5
10.91
6.13
36.81

= 0.530)

3.95 (1.60, 9.72)
1.76 (1.10, 2.81)
1.90 (1.04, 3.47)
1.24 (0.33, 4.70)
4.64 (1.00, 21.61)
1.98 (0.37, 10.51)
2.04 (1.48, 2.81)

5.22
11.38
8.85
2.79
2.16
1.87
32.26

0.80 (0.55, 1.18)
0.80 (0.55, 1.18)

13.29
13.29

1.22 (0.69, 2.16)
3.73 (0.38, 36.36)
1.30 (0.75, 2.26)

9.37
1.04
10.41

= 0.349)

1.24 (0.51, 3.03
1.24 (0.51, 3.03
2.33 (0.46, 11.88)
2.33 (0.46, 11.88)
1.59 (1.25, 2.02)

= 0.069)

0.0275

1

5.28
5.28
1.95
1.95
100.00

36.4

Figure 2 Forest plots of the relationships between interleukin-18 genetic polymorphisms and the risk of developing Crohn’s disease, using the allele and
dominant models.
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Ethnicity (W allelel vs M allele)

Included studies

OR (95%CI)

Weight%

African
Ben Aleya W-a (2011)

1.69 (1.14, 2.50)

Ben Aleya W-b (2011)

2.39 (1.57, 3.63)

6.02

1.99 (1.42, 2.79)

12.39

Dema B (2009)

0.91 (0.77, 1.06)

9.28

Haas SL (2005)

1.61 (1.30, 1.99)

8.66

Glas J-a (2005)

1.19 (0.92, 1.55)

8.08

Glas J-b (2005)

1.42 (1.08, 1.88)

7.81

Glas J-c (2005)

1.16 (0.88, 1.52)

7.89

1.23 (0.97, 1.54)

41.73

Tamura K (2008)

1.11 (0.69, 1.76)

5.51

Takagawa T-a (2005)

1.53 (1.16, 2.01)

7.86

Takagawa T-b (2005)

1.90 (1.29, 2.80)

6.41

Aizawa Y-a (2005)

1.14 (0.74, 1.77)

5.85

Aizawa Y-b (2005)

1.72 (1.12, 2.63)

5.94

Aizawa Y-c (2005)

2.27 (1.35, 3.80)

4.98

Aizawa Y-d (2005)

2.03 (1.20, 3.43)

4.90

Aizawa Y-e (2005)

1.04 (0.58, 1.85)

4.43

1.54 (1.28, 1.85)

45.88

1.45 (1.23, 1.70)

100.00

2

Heterogeneity test (I = 27.6%, P = 0.240)

6.37

Z test (Z = 4.01, P < 0.001)
Caucasian

2

Heterogeneity test (I = 80.2%, P < 0.001)

Z test (Z = 1.73, P = 0.083)
Asian

2

Heterogeneity test (I = 31.2%, P = 0.179)

Z test (Z = 4.59, P < 0.001)
2

Heterogeneity test (I = 71.9%, P < 0.001)

Z test (Z = 4.49, P < 0.001)
Random effects analysis
0.263

1

3.8

Ethnicity (WW + WM vs MM)

Included studies

OR (95%CI)

Weight%

African
Ben Aleya W-a (2011)

2.19 (1.16, 4.15)

Ben Aleya W-b (2011)

3.95 (1.60, 9.72)

5.22

2.69 (1.55, 4.67)

13.50

Dema B (2009)

0.80 (0.55, 1.18)

13.29

Haas SL (2005)

1.76 (1.10, 2.81)

11.38

Glas J-a (2005)

1.20 (0.75, 1.90)

11.50

Glas J-b (2005)

1.90 (1.04, 3.47)

8.85

Glas J-c (2005)

1.22 (0.69, 2.16)

9.37

1.27 (0.92, 1.77)

54.38

2

Heterogeneity test (I = 8.7%, P = 0.295)

8.28

Z test (Z = 3.52, P < 0.001)
Caucasian

2

Heterogeneity test (I = 55.1%, P = 0.063)

Z test (Z = 1.45, P = 0.148)
Asian
Tamura K (2008)

3.73 (0.38, 36.36)

1.04

Takagawa T-a (2005)

1.72 (1.05, 2.81)

10.91

Takagawa T-b (2005)

1.24 (0.33, 4.70)

2.79

Aizawa Y-a (2005)

1.24 (0.51, 3.03)

5.28

Aizawa Y-b (2005)

2.09 (0.93, 4.69)

6.13

Aizawa Y-c (2005)

4.64 (1.00, 21.61)

2.16

Aizawa Y-d (2005)

2.33 (0.46, 11.88)

1.95

Aizawa Y-e (2005)

1.98 (0.37, 10.51)

1.87

1.81 (1.29, 2.53)

32.12

1.59 (1.25, 2.02)

100.00

2

Heterogeneity test (I = 0.0%, P = 0.875)

Z test (Z = 3.45, P = 0.001)
2

Heterogeneity test (I = 37.8%, P = 0.069)

Z test (Z = 3.82, P < 0.001)
Random effects analysis
0.0275
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Genotyping method (W allelel vs M allele)

Included studies

OR (95%CI)

Weight%

PCR-SSP
Ben Aleya W-a (2011)

1.69 (1.14, 2.50)

6.37

Ben Aleya W-b (2011)

2.39 (1.57, 3.63)

6.02

Takagawa T-a (2005)

1.53 (1.16, 2.01)

7.86

Takagawa T-b (2005)

1.90 (1.29, 2.80)

6.41

Aizawa Y-a (2005)

1.14 (0.74, 1.77)

5.85

1.67 (1.35, 2.07)

32.51

Dema B (2009)

0.91 (0.77, 1.06)

9.28

Haas SL (2005)

1.61 (1.30, 1.99)

8.66

1.20 (0.69, 2.10)

17.94

Glas J-a (2005)

1.19 (0.92, 1.55)

8.08

Glas J-b (2005)

1.42 (1.08, 1.88)

7.81

Glas J-c (2005)

1.16 (0.88, 1.52)

7.89

1.25 (1.07, 1.46)

23.79

Tamura K (2008)

1.11 (0.69, 1.76)

5.51

Aizawa Y-b (2005)

1.72 (1.12, 2.63)

5.94

Aizawa Y-c (2005)

2.27 (1.35, 3.80)

4.98

Aizawa Y-d (2005)

2.03 (1.20, 3.43)

4.90

Aizawa Y-e (2005)

1.04 (0.58, 1.85)

4.43

Heterogeneity test (I = 44.5%, P = 0.125)

1.56 (1.16, 2.11)

25.76

Z test (Z = 2.93, P = 0.003)
2
Heterogeneity test (I = 71.9%, P < 0.001)
Z test (Z = 4.49, P < 0.001)

1.45 (1.23, 1.70)

100.00

2

Heterogeneity test (I = 38.8%, P = 0.162)

Z test (Z = 4.72, P < 0.001)
TaqMan

2

Heterogeneity test (I = 94.4%, P < 0.001)

Z test (Z = 0.64, P = 0.521)
PCR-RFLP

2

Heterogeneity test (I = 0.00%, P = 0.542)

Z test (Z = 2.80, P = 0.005)
Direct sequencing

2

0.263

1

3.8

Genotyping method (WW + WM vs MM)

Included studies

OR (95%CI)

Weight%

PCR-SSP
Ben Aleya W-a (2011)

2.19 (1.16, 4.15)

Ben Aleya W-b (2011)

3.95 (1.60, 9.72)

5.22

Takagawa T-a (2005)

1.72 (1.05, 2.81)

10.91

Takagawa T-b (2005)

1.24 (0.33, 4.70)

2.79

Aizawa Y-a (2005)

1.24 (0.51, 3.03)

5.28

1.91 (1.37, 2.67)

32.48

Dema B (2009)

0.80 (0.55, 1.18)

13.29

Haas SL (2005)

1.76 (1.10, 2.81)

11.38

1.17 (0.55, 2.53)

24.66

Glas J-a (2005)

1.20 (0.75, 1.90)

11.50

Glas J-b (2005)

1.90 (1.04, 3.47)

8.85

Glas J-c (2005)

1.22 (0.69, 2.16)

9.37

1.36 (1.00, 1.85)

29.72

Tamura K (2008)

3.73 (0.38, 36.36)

1.04

Aizawa Y-b (2005)

2.09 (0.93, 4.69)

6.13

Aizawa Y-c (2005)

4.64 (1.00, 21.61)

2.16

Aizawa Y-d (2005)

2.33 (0.46, 11.88)

1.95

Aizawa Y-e (2005)

1.98 (0.37, 10.51)

1.87

Heterogeneity test (I = 0.0%, P = 0.909)

2.46 (1.37, 4.43)

13.14

Z test (Z = 3.00, P = 0.003)
2
Heterogeneity test (I = 37.8%, P = 0.069)
Z test (Z = 3.82, P < 0.001)

1.59 (1.25, 2.02)

100.00

2

Heterogeneity test (I = 3.8%, P = 0.385)

8.28

Z test (Z = 3.83, P < 0.001)
TaqMan

2

Heterogeneity test (I = 84.3%, P = 0.012)

Z test (Z = 0.41, P = 0.681)
PCR-RFLP

2

Heterogeneity test (I = 0.0%, P = 0.444)

Z test (Z = 1.94, P = 0.053)
Direct sequencing

2

0.0275
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Sample size (W allelel vs M allele)

Included studies

OR (95%CI)

Weight%

Small
Ben Aleya W-a (2011)

1.69 (1.14, 2.50)

6.37

Ben Aleya W-b (2011)

2.39 (1.57, 3.63)

6.02

Tamura K (2008)

1.11 (0.69, 1.76)

5.51

Aizawa Y-a (2005)

1.14 (0.74, 1.77)

5.85

Aizawa Y-b (2005)

1.72 (1.12, 2.63)

5.94

Aizawa Y-c (2005)

2.27 (1.35, 3.80)

4.98

Aizawa Y-d (2005)

2.03 (1.20, 3.43)

4.90

Aizawa Y-e (2005)

1.04 (0.58, 1.85)

4.43

1.61 (1.29, 2.01)

44.00

Dema B (2009)

0.91 (0.77, 1.06)

9.28

Haas SL (2005)

1.61 (1.30, 1.99)

8.66

Glas J-a (2005)

1.19 (0.92, 1.55)

8.08

Glas J-b (2005)

1.42 (1.08, 1.88)

7.81

Glas J-c (2005)

1.16 (0.88, 1.52)

7.89

Takagawa T-a (2005)

1.53 (1.16, 2.01)

7.86

Takagawa T-b (2005)

1.90 (1.29, 2.80)

6.41

2

1.33 (1.08, 1.63)

56.00

1.45 (1.23, 1.70)

100.00

2

Heterogeneity test (I = 46.6%, P = 0.070)

Z test (Z = 4.16, P < 0.001)
Large

Heterogeneity test (I = 79.0%, P < 0.001)

Z test (Z = 2.71, P = 0.007)
2

Heterogeneity test (I = 71.9%, P < 0.001)

Z test (Z = 4.49, P < 0.001)
0.263

1

3.8

Sample size (WW + WM vs MM)

Included studies

OR (95%CI)

Weight%

Small
Ben Aleya W-a (2011)

2.19 (1.16, 4.15)

8.28

Ben Aleya W-b (2011)

3.95 (1.60, 9.72)

5.22

Tamura K (2008)

3.73 (0.38, 36.36)

1.04

Aizawa Y-a (2005)

1.24 (0.51, 3.03)

5.28

Aizawa Y-b (2005)

2.09 (0.93, 4.69)

6.13

Aizawa Y-c (2005)

4.64 (1.00, 21.61)

2.16

Aizawa Y-d (2005)

2.33 (0.46, 11.88)

1.95

Aizawa Y-e (2005)

1.98 (0.37, 10.51)

1.87

2.29 (1.60, 3.27)

31.92

Dema B (2009)

0.80 (0.55, 1.18)

13.29

Haas SL (2005)

1.76 (1.10, 2.81)

11.38

Glas J-a (2005)

1.20 (0.75, 1.90)

11.50

Glas J-b (2005)

1.90 (1.04, 3.47)

8.85

Glas J-c (2005)

1.22 (0.69, 2.16)

9.37

Takagawa T-a (2005)

1.72 (1.05, 2.81)

10.91

Takagawa T-b (2005)

1.24 (0.33, 4.70)

2.79

2

1.33 (1.02, 1.74)

68.08

1.59 (1.25, 2.02)

100.00

2

Heterogeneity test (I = 0.00%, P = 0.744)

Z test (Z = 4.54, P < 0.001)
Large

Heterogeneity test (I = 42.8%, P = 0.106)

Z test (Z = 2.07, P = 0.038)
2

Heterogeneity test (I = 37.8%, P = 0.069)

Z test (Z = 3.82, P < 0.001)
0.0275

1

36.4

Figure 3 Subgroup analyses of the relationships between interleukin-18 genetic polymorphisms and the risk of developing Crohn’s disease, using the
allele and dominant models.

test also failed to reveal any evidence of publication
bias (all P > 0.05). Univariate analysis demonstrated
that SNPs and ethnicity may be the main sources of
heterogeneity (SNP: P = 0.025; Ethnicity: P = 0.011),
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while multivariate regression analysis showed that
publication year, SNPs, ethnicity, genotyping method
and sample size were not the key factors for overall
effect size (all P > 0.05).
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Table 3 Univariate and multivariate meta-regression analyses of potential sources of heterogeneity
Heterogeneity factors

Coefficient

Publication year
Univariate
Multivariate
SNP type
Univariate
Multivariate
Ethnicity
Univariate
Multivariate
Genotyping method
Univariate
Multivariate
Sample size
Univariate
Multivariate

Z

SE

P value

95%CI
LL

UL

0.004
-0.052

0.036
0.038

0.12
-1.39

0.908
0.166

-0.066
-0.126

0.075
0.022

-0.188
-0.077

0.084
0.091

-2.25
-0.84

0.025
0.398

-0.353
-0.256

-0.024
0.102

0.241
0.476

0.095
0.250

2.55
1.90

0.011
0.057

0.056
-0.014

0.427
0.967

-0.082
0.075

0.066
0.082

-1.25
0.92

0.211
0.360

-0.211
-0.085

0.047
0.235

0.194
-0.216

0.148
0.244

1.31
-0.89

0.190
0.376

-0.096
-0.696

0.485
0.263

SE: Standard error; SNP: Single nucleotide polymorphism; UL: Upper limit; LL: Lower limit.

Allele model (W allelel vs M allele)
Lower CI limit

Estimate

Upper CI limit

Ben Aleya W-a (2011)
Ben Aleya W-b (2011)
Dema B (2009)
Haas SL (2005)
Glas J-a (2005)
Glas J-b (2005)
Glas J-c (2005)
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Figure 4 Sensitivity analysis of the summary odds ratio coefficients for the relationships between interleukin-18 genetic polymorphisms and the risk of
developing Crohn’s disease, using the allele and dominant models.
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Allele model
(W allelel vs M allele)
Begg’s funnel plot with pseudo 95% confidence limits
(Egger’s test: t = -0.86, P = 0.407)

1

Dominant model
(WW + WM vs MM)
Begg’s funnel plot with pseudo 95% confidence limits
(Egger’s test: t = -0.44, P = 0.667)
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Figure 5 Funnel plot of publication biases of the relationships between interleukin-18 genetic polymorphisms and the risk of Crohn’s disease under the
allele and dominant models. W: Wild-type allele; M: Mutant allele; WW: Wild-type homozygote; WM: Heterozygote; MM: Mutant homozygote; OR: Odds ratio.

method and sample size. The results of the subgroup
analysis by ethnicity suggested that IL-18 genetic
polymorphisms were closely linked to an increased
risk of CD among Asians and Africans, but not among
Caucasians. These results revealed that ethnic
differences may cause heterogeneity between studies
of IL-18 genetic polymorphisms and their role in
the pathogenesis of CD. Nevertheless, we failed to
find evidence of any associations between the IL-18
rs917997 C>T, codon 35 A>C and rs1946519 G>T
polymorphisms and the risk of CD, revealing that these
polymorphisms might not be important determinants
for the pathogenesis of CD.
The current meta-analysis also had limitations
that should be acknowledged. First, our results lacked
sufficient statistical power to assess the correlations
between IL-18 genetic polymorphisms and CD risk.
Second, a meta-analysis is a retrospective study that
may be susceptible to selection bias and thereby
influence the reliability of our results. Third, our metaanalysis failed to obtain original data from the included
studies, which may limit further evaluation of the
potential role of IL-18 genetic polymorphisms in the
pathogenesis of CD. Although our study has several
limitations, this is the first meta-analysis focusing on
the relationship between IL-18 genetic polymorphisms
and the risk of CD. Furthermore, we performed a
highly sensitive strategic literature search of electronic
databases. A manual search of the reference lists from
the relevant articles was also conducted to find other
potential articles. The selection process for eligible
articles was based on strict inclusion and exclusion
criteria. Importantly, rigorous statistical analysis of
SNP data provided a basis for pooling information from
individual studies.
In conclusion, the current meta-analysis indicates
that the IL-18 rs1946518 A>C, rs187238 G>C
and rs360718 A>C polymorphisms contribute to
susceptibility to CD, especially among Asians and
Africans. However, the IL-18 rs917997 C>T, codon

DISCUSSION
The results of the present meta-analysis demonstrated
a significant association between three IL-18
genetic polymorphisms and a high risk of CD,
specifically for the rs1946518 A>C, rs187238 G>C
and rs360718 A>C polymorphisms, implying that
these polymorphisms have causative roles in the
development and progression of CD. IL-18, together
with IL-1β, contributes to the host defense against
infections by augmenting antimicrobial properties
of phagocytes and initiating Th1 and Th17 adaptive
[32]
immune responses . Several epidemiological studies
have reported previously that IL-18 is involved in
the regulation of both innate and acquired immune
responses, and may be involved in the pathogenesis
[33-35]
of autoimmune and inflammatory diseases
. It
should be noted that IL-18 is capable of stimulating
the expression of TNF-α and IL-1β, enhancing the
differentiation of T cells to the proinflammatory Th
[36]
phenotype . CD is considered a Th1-cytokine (IL-12,
IFN-γ, and TNF-α) or Th2-induced inflammatory
[19,37]
disease
. Although the precise function of IL-18 in
the development of CD is not completely understood,
it is reasonable to speculate that IL-18 genetic
polymorphisms alter IL-18 expression levels, which
[13]
may play a pivotal role in the disease process .
Specifically, genetic variants in IL-18 that lead to
reduced expression of IL-18, such as the IL-18
rs1946518 A>C, rs187238 G>C and rs360718 A>C
polymorphisms, exhibit loss of transcription factor
binding because the polymorphisms alter the binding
sites. The resulting low IL-18 production also causes
major disruptions in the immune pathways responsible
for mediating T-cell regulation, thereby contributing to
[22]
the pathogenesis of CD .
To address the possibility of heterogeneity in our
data, which may have a negative influence on the
results of relevant studies, we carefully performed
stratified analyses based on ethnicity, genotyping
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35 A>C and rs1946519 G>T polymorphisms may
not be important determinants of the pathogenesis
of CD, and their effects on IL-18 mRNA and protein
levels need to be investigated further. In this context,
because of the limitations acknowledged above, more
studies with larger sample sizes are needed to provide
a more representative statistical analysis and combine
the analysis with experimental evidence describing the
polymorphisms.
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Abstract
Esophagectomy with extended lymphadenectomy and
gastric conduit reconstruction is a radical procedure for
the treatment of esophageal cancer that is associated
with a high morbidity rate. Gastric conduit necrosis
is a fatal complication that occurs in 2% of patients.
Conventionally, two-stage salvage surgery consisting
of removal of the necrotic gastric conduit followed
by reconstruction has been performed; however, this
procedure has a high morbidity rate. We describe a
61-year-old man who underwent minimally invasive
esophagectomy complicated by slowly progressive
gastric conduit necrosis associated with complete
neck drainage and a stable overall condition. There
was a 2 cm gap in the anastomosis. Because there
was no evidence of residual gastric conduit necrosis, a
removable, covered self-expanding metal stent (SEMS)
was inserted to bridge the anastomosis. The stent was
fixed to the patient’s ear with silk thread through the
lasso on its proximal end to prevent migration. Eight
weeks after insertion, the stent was removed easily
without any associated complications. The anastomotic
defect was completely bridged with granulation tissue,
showing progressive epithelialization without leakage
or stenosis. The patient was discharged home in good
general health. This is the first report of the successful
conservative management of esophago-gastric conduit
anastomosis disruption with SEMS placement.
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two-field lymph node dissection. A gastric conduit was
created by hand-assisted laparoscopic surgery in the
posterior mediastinum, with a cervical anastomosis
created by end-to-end stapling. There was no evidence
of anastomotic tension or venous stasis of the gastric
conduit. The esophago-gastric anastomotic site was
ultimately determined to be located in the mediastinum
(behind the manubrium). On postoperative day (POD)
6, the white blood cell (WBC) count and C-reactive
protein (CRP) level were elevated at 11600/µl and
9.4 mg/dl, respectively. The neck drainage tube was
dirty, with signs of anastomotic leakage. Computed
tomography (CT) performed at this time showed
continuity of the anastomosis, with no fluid or air
surrounding it (Figure 1a, arrows). The patient was
managed conservatively with a neck drainage tube
and antibiotics because his general condition was
stable. On POD 15, a small amount of pus was found
in the drainage tube in the neck. On POD 21, the WBC
and CRP levels returned to normal at 8300/µl and 1.5
mg/dl, respectively. Esophagraphy was performed
to evaluate the state of the anastomosis. The gastric
conduit was not imaged with oral contrast medium,
and the entire volume of the contrast medium leaked
out into the mediastinal cavity (Figure 2a, arrows).
CT findings showed disruption of the anastomosis
and mediastinal cavity (Figure 1b). Gastrointestinal
endoscopy showed disruption of the anastomosis.
The healthy gastric conduit was observed to contain a
stump in the mediastinal cavity (thick white arrows).
The staple in the stump of the gastric conduit was also
observed (Figure 3a, thin black arrow). The distance
between the esophageal stump and gastric conduit
stump (white thick arrows) was 2 cm (Figure 3b). We
diagnosed the patient with gastric conduit necrosis,
which was 2 cm in length at the top of conduit and had
occurred quite slowly; thus, saliva drained entirely via
the neck, and the patient’s general condition remained
stable. No inflammatory reaction was observed. We
continued with conservative management because
the patient refused surgical therapy and there was
no evidence of residual gastric conduit necrosis. A
removable covered SEMS, a Hanarostent Fully Covered
Esophageal Stent, which was 24/18 mm in diameter
and 10 cm in length (M.i.tech Co., Pyeongtaek, South
Korea), was inserted to bridge the anastomosis
(Figures 3b, 3c and 4a). To prevent migration of the
Hanarostent, we passed silk thread through the lasso
on its proximal end (Figure 3d), looped this thread,
and hung it on the patient’s ear (Figure 4b). SEMS
placement resulted in complete resolution of the
leakage, as demonstrated by a contrast study (Figure
2b). Migration was not observed while the stent was in
place. On post-stenting day (PSD) 42, gastrointestinal
endoscopy was performed to evaluate recovery of the
anastomotic defect through the transparent side wall
of the Hanarostent. The anastomotic defect was barely
detectable, and the Hanarostent maintained mobility;

Core tip: Gastric conduit necrosis is a fatal complication
after esophagectomy. Conventionally, two-stage salvage
surgery consisting of removal of the necrotic gastric
conduit followed by reconstruction has been performed,
but it has a high morbidity rate. On the other hand,
a covered self-expanding metal stent (SEMS) has
been reported to be effective for the treatment of
anastomotic leakage. This is the first report of the
successful conservative management of gastric
conduit necrosis with SEMS placement. This case
highlights the diagnosis and evaluation of the state of
esophago-gastric conduit anastomosis disruption and
demonstrates that a conservative approach with no
surgery could result in a successful outcome.
Oshikiri T, Yamamoto Y, Miki I, Tsuda M, Nakamura T, Fujino Y,
Tominaga M, Kakeji Y. Conservative reconstruction using stents
as salvage therapy for disruption of esophago-gastric anastomosis.
World J Gastroenterol 2015; 21(28): 8723-8729 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i28/8723.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i28.8723

INTRODUCTION
In Japan, esophagectomy with extended lymph
adenectomy, gastric conduit reconstruction, and
cervical anastomosis improves the prognosis of
[1]
patients with esophageal cancer , but it is associated
[2]
with high rates of morbidity and mortality . Cervical
anastomotic leakage after esophagectomy has been
[3,4]
reported in 5%-24% of patients , but most cases
are successfully treated with conservative approaches.
On the other hand, gastric conduit necrosis following
[5]
esophagectomy is a rare but critical complication .
Conventionally, two-stage salvage surgery consisting of
the removal of the necrotic gastric conduit followed by
reconstruction has been performed. However, surgical
[5]
morbidity associated with this procedure is high .
We present a particularly rare case, in which gastric
conduit necrosis and disruption of the anastomosis
occurred very gradually in a patient in relatively stable
condition. We discuss the presentation and successful
conservative management with temporary placement
of a removable covered self-expanding metal stent
(SEMS).

CASE REPORT
A 61-year-old man was admitted to our hospital with
squamous cell carcinoma in the lower third of the
[6]
esophagus, with a preoperative TNM classification
of T2N1M0 stage Ⅱ B. Neoadjuvant therapy was
administered. The patient underwent minimally
invasive esophagectomy in the prone position with
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A

B

Figure 1 Computed tomography findings of the anastomosis and mediastinum. a: Continuity of the anastomosis, no evidence of malformation of the staple
line, and no fluid or air surrounding the anastomosis were observed on postoperative day (POD) 6 (arrows); b: Computed tomography findings on POD 21 showed
disruption of the anastomosis and malformation of the anastomotic staples and mediastinal cavity.

A

B

C

Figure 2 Findings of the oral contrast studies over time. a: Complete extravasation of the entire volume of contrast medium into the mediastinal cavity (arrows);
b: complete occlusion of the leakage by self-expanding metal stent (SEMS) placement; c: complete flow of the contrast medium without leakage or stenosis after the
SEMS was removed.
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D

Figure 3 Endoscopic findings of gastric conduit necrosis and self-expanding metal stent placement. a: The stump of the healthy gastric conduit (thick white
arrows) and the staple in the stump of the gastric conduit (thin black arrow); b: complete disruption of 2 cm of the anastomosis and stump of the gastric conduit (thick
white arrows); c: placement of a removable covered self-expanding metal stent (SEMS); d: a silk thread placed through the lasso located on the proximal end of the
stent.

A

B

Figure 4 Hanarostent fully covered esophageal stent (M.i.tech Co., 24/18 mm in diameter and 10 cm in length) and lasso (a) and fixation of the stent to the
patient’s ear by placing a silk thread through the lasso to prevent stent migration (b).

thus, continuation of the stenting was selected. On
PSD 58, the Hanarostent was removed easily using
the retrieval lasso located on its proximal end (Figure
5a). The anastomotic defect, which had originally
extended over 2 cm, was completely reconstructed
by the granulation tissue that had grown around the
Hanarostent. The staple in the stump of the gastric
conduit was confirmed (Figure 5b, thin black arrow).
Complete flow of the contrast medium without leakage
or stenosis was observed, as demonstrated in the
contrast study (Figure 2c). On PSD 65 (Figure 5c)
and PSD 84 (Figure 5d), gastrointestinal endoscopy
showed chronological progression of epithelialization
at the new anastomosis site, which consisted of
granulation tissue. A staple was observed in the stump
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of the gastric conduit. The patient was able to resume
a solid diet at 8 d after stent extraction and was
discharged home at 17 days after extraction in good
general health.

DISCUSSION
The stomach is the preferred organ for reconstruction
following esophageal resection for malignant disease,
[5]
but there is a 2% failure rate due to ischemia . In
our patient, we diagnosed gastric conduit necrosis
comprehensively by a chronological change in the CT
findings, the nature of the drainage, including pus,
and gastrointestinal endoscopy. The CT findings on
POD 6 showed continuity of the anastomosis and no
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A
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D

Figure 5 Endoscopic findings of the anastomosis after removal of the self-expanding metal stent and staple in the stump of the gastric conduit (thin black
arrow). a: Easy removal of the self-expanding metal stent without complications; b: complete reconstruction of a new anastomosis with granulation tissue; c, d:
progression of epithelialization of the new anastomosis without stenosis over time (PSDs 65 and 84).

evidence of malformation of the staple line; thus,
anastomotic dehiscence was not caused by technical
failure. Gastrointestinal endoscopy on POD 21 showed
disruption of the anastomosis, but the stump of the
residual gastric conduit was quite healthy without
necrosis, which may have been because the ischemic
area was extremely localized at the top of the gastric
conduit and completely isolated, with drainage via a
neck tube.
Gastric conduit necrosis is associated with a
high mortality rate, although appropriate surgical
management with removal of the conduit can be
[5]
life-saving . In our case, we did not object to early
surgery as the standard of care, given the utmost
importance of reducing mortality. Fortunately, there
was no urgency in our patient because his gastric
conduit necrosis progressed quite slowly, and his
clinical condition remained stable.
Reconstructive surgery after gastric conduit
[5,7]
necrosis has been reported to be challenging
.
[5]
Dowson et al have reported surgical management
with removal of a conduit following gastric conduit
necrosis. In their patients, reconstruction with the
jejunum or left colon was performed with 0% mortality
and 57% morbidity. These procedures can provide
good clinical and functional outcomes, but they require
a specialized multidisciplinary approach and are
associated with a high morbidity rate.
To avoid surgery, we based our treatment approach
on conservative therapy for the anastomotic leakage.

WJG|www.wjgnet.com

The feasibility, effectiveness, and low morbidity of
stent implantation have been reported for thoracic
[8]
anastomotic leakage after esophagectomy . Gastrotracheobronchial fistula (GTF), which is rarely caused
by leakage from the esophagogastrostomy site and
subsequent postoperative development of a mediastinal
[9]
abscess, is usually fatal . Some investigators have
reported that stent placement is also useful for treating
[10,11]
GTF
. Although stent placement is a minimally
invasive procedure, it is associated with severe
complications, including hemorrhage, incomplete
[8,12]
sealing, perforation, and stent migration
. Stent
migration requires stent repositioning or placement
of a second stent. Our method of fixing the stent to
the patient’s ear with a silk thread through the lasso is
considered to be reasonable and effective to prevent
stent migration. Concerning complications due to stent
removal, removal of the prosthesis within 6-8 wk
of insertion is recommended without compromising
[12,13]
treatment efficacy
. In our patient, gastrointestinal
endoscopy revealed that the anastomotic defect was
barely detectable, and the Hanarostent maintained
mobility at 6 wk after insertion. Therefore, the duration
of stent therapy exceeded 8 wk to ideally reconstruct
the anastomosis, which was completely disrupted.
There were no complications associated with stent
removal.
Recently, a new approach for the treatment of
anastomotic leakage following esophageal resection
has been reported involving the combination of
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Imaging diagnosis

[14]

vacuum-assisted therapy with covered SEMS .
In this approach, an Endo-sponge (Braun BBD
Aesculap GmbH, Tuttlingen, Germany) is placed
into the esophageal lumen and pushed into the
para esophageal cavity, which is overstented with
a partially covered SEMS. The suction tube of the
sponge is retrieved through the nose and connected
to a continuous negative pressure of 75 to 100
mmHg within 18 h in a stepwise manner, and the
pressure is increased when secretion production is
[14]
diminished . In our patient, the paraesophageal
cavity was too large to enclose the sponge tightly.
Additionally, he experienced complete drainage by the
percutaneous drain and thus, simple SEMS therapy
was selected. In the case of leakage in a patient with
a small paraesophageal cavity without a percutaneous
drainage tube, endoluminal vacuum therapy with an
Endo-sponge is an ideal and excellent therapy.
To the best of our knowledge, this is the first report
of the successful conservative management of gastric
conduit necrosis as a complication of esophagectomy.
Our experience suggests that in very carefully selected
patients in whom the progression of gastric conduit
ischemia is slow, there is no associated inflammation
of the mediastinum, and the general condition is stable
without evidence of sepsis, a trial of conservative
management may be effective. By contrast, a patient
with early onset gastric conduit ischemia that occurs
within POD 5 may not be suitable for stent therapy
because the progression will likely be acute and
critical. To diagnose conduit necrosis immediately,
rapid execution of gastrointestinal endoscopy should
be recommended if there are any signs of anastomotic
leakage. Considering the abovementioned criteria, the
distance between the two ends of the anastomosis or
the circumference of the leakage may not be the limit
for stent therapy.
In conclusion, this case highlights the diagnosis and
evaluation of esophago-gastric conduit anastomosis
disruption and demonstrates that a conservative
approach with no surgery may result in a successful
outcome.

Computed tomography findings and gastrointestinal endoscopy showed
disruption of the anastomosis.

Treatment

A removable, self-expanding metal stent (SEMS) was inserted to bridge the
anastomosis.

Related reports

The feasibility, effectiveness, and low morbidity of stent implantation for the
treatment of simple anastomotic leakage have been reported, but there are few
reports of the successful conservative management of anastomosis disruption
with SEMS placement.

Term explanation

Gastric conduit necrosis following esophagectomy occurs in 2% of patients.

Experiences and lessons

The authors recommend that SEMS therapy for anastomosis disruption when
the progression of gastric conduit ischemia is slow, there is no associated
inflammation of the mediastinum, and the patient’s general condition is
stable without evidence of sepsis. The distance between the two ends of the
anastomosis or the circumference of the leakage may not be the limit for stent
therapy.

Peer-review

This article is a case report about the conservative management of gastric tube
necrosis as a complication of esophagectomy. The authors describe a 61-yearold man who underwent minimally invasive esophagectomy complicated by
slowly progressive gastric conduit necrosis associated with complete neck
drainage and stable overall condition. The patient’s anastomotic leakage was
treated by inserting a covered self-expanding metal stent into the esophagus.
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Abstract
Hepatic inflammatory pseudotumors are uncommon
benign lesions. Accurately diagnosing hepatic
inflammatory pseudotumor can be very challenging
because the clinical presentation and radiological
appearances are nonspecific and cannot be certainly
distinguished from malignant neoplastic processes.
Herein, we present a case of hepatic IPT in an 8-yearold boy who presented to clinic with a 3-mo history of
a tender hepatic mass, fever of unknown origin, and
9-kg weight loss. The physical examination was notable
for tender hepatomegaly. Laboratory investigations
were notable for a normal hepatic profile and elevated
erythrocyte sedimentation rate and C-reactive protein.
A T2-attenuated magnetic resonance imaging scan
of the abdomen showed a 4.7 cm × 4.7 cm × 6.6
cm, contrast-enhancing, hyper-intense, well-defined
lesion involving the right hepatic lobe. In view of
the unremitting symptoms, tender hepatomegaly,
thrombosed right hepatic vein, nonspecific radiological
findings, and high suspicion of a deep-seated
underlying infection or malignancy, a right hepatic
lobectomy was recommended. Microscopically, the
hepatic lesion exhibited a mixture of inflammatory cells
(histiocytes, plasma cells, mature lymphocytes, and
occasional multinucleated giant cells) in a background
of dense fibrous tissue. Immunohistochemically, the
cells stained negative for SMA, ALK-1, CD-21 and
CD-23, diffusely positive for CD-68, and focally positive
for IgG4. The final histopathological diagnosis was
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consistent with hepatic IPT. At the postoperative 4-mo
follow-up, the patient was asymptomatic without
radiological evidence of recurrence.

with no definitive diagnosis. The past medical history
was significant for one episode of bilateral hip pain,
which was diagnosed as septic arthritis and treated
with intravenous and oral antibiotics 4 mo prior to
the clinical presentation. The past surgical history
was remarkable for unilateral orchidopexy at the
age of 6 years and status post adenoidectomy and
tonsillectomy at the age of 2 years. The family history
was negative for consanguinity, chronic illnesses, or
malignancies. The review of systems was remarkable
for night sweats, decreased appetite, and 9-kg weight
loss over the past 3 mo.
The physical examination was notable for tender
hepatomegaly, palpable 2 cm below the costal margin.
Laboratory investigations revealed a normal white
blood cell count (no leukocytosis) and normal renal,
bone, hepatic, and coagulation profiles. The peripheral
blood smear displayed a microcytic hypochromic
picture and few reactive lymphocytes with hypersegmented neutrophils and thrombocytosis.
Other laboratory tests showed a high erythrocyte
sedimentation rate (ESR) of 140 mm/h, a C-reactive
protein (CRP) level of 246 mg/L, and a CD-25 level
of 3125 µ/mL. Serological tests for hepatitis-A,
hepatitis-B, hepatitis-C, echinococcus, brucella,
cytomegalovirus, Epstein-Barr virus (EBV), and human
immunodeficiency virus were negative. Tumor markers
such as alpha-fetoprotein (AFP), carcinoembryonic
antigen (CEA), and cancer antigen (CA) 19-9 were
negative. The hemophagocytic lymphohistiocytosis
workup profile was negative. Flow cytometric assays
for phagocyte oxidative burst, blastogenesis, and
lymphocyte markers were within normal limits.
An abdominal Doppler ultrasound revealed a
4.6-cm, well-defined, heterogeneous lesion in the
right hepatic lobe (with a nonspecific appearance) and
complete thrombosis of the right hepatic vein.
Contrast-enhanced computed tomography (CT)
of the abdomen showed a 6.3 cm × 5.1 cm × 5.5
cm, relatively well-defined, hypodense lesion with
internal enhancement involving the right hepatic lobe
(segments Ⅴ, Ⅳ, Ⅶ) (Figure 1A). No additional similar
lesions were identified elsewhere. In the delayed
venous phase, the right hepatic vein was thrombosed,
whereas the middle and left hepatic veins were patent
(Figure 1B). The portal vein and hepatic artery were
unremarkable.
Magnetic resonance imaging (MRI) of the abdomen
revealed a 4.7 cm × 4.7 cm × 6.6 cm, contrastenhancing, well-defined, moderate- to large-sized
lesion involving the right hepatic lobe, particularly
segments Ⅴ, Ⅵ and Ⅶ (Figure 2A). The right hepatic
vein was completely thrombosed up to the inferior
vena cava (Figure 2B).
Fine-needle aspiration (FNA) was performed. The
aspirate was stained with Diff-Quik and displayed a
small amount of cellular yield composed of benign
liver cells mixed with benign-appearing histiocytic cells
(Figure 3).

Key words: Inflammatory pseudotumor; Inflammatory
myofibroblastic tumor; Hepatic; Liver
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Because hepatic inflammatory pseudotumors
(IPTs) are considered benign lesions and their
natural clinical course advances toward regression,
it is extremely critical to establish the most accurate
diagnosis and not to regard them as malignant
neoplasms that may lead to needless surgical excisions.
However, accurately diagnosing hepatic IPTs can be
very challenging, likely attributable to the fact that the
clinical presentation and radiological appearances are
nonspecific and cannot be certainly distinguished from
malignant neoplastic processes. Management options
include conservative treatment, and if failed, surgical
resection. Histopathological and immunohistochemical
analysis of the hepatic lesion yields the definitive
diagnosis.
Al-Hussaini H, Azouz H, Abu-Zaid A. Hepatic inflammatory
pseudotumor presenting in an 8-year-old boy: A case report
and review of literature. World J Gastroenterol 2015; 21(28):
8730-8738 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i28/8730.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i28.8730

INTRODUCTION
Inflammatory pseudotumors (IPTs) are rare benign
lesions characterized histologically by proliferation
of inflammatory cells (for example, neutrophils,
eosinophils, lymphocytes, plasma cells, histiocytes, and
multinucleated giant cells), myofibroblasts and spindle[1]
shaped cells . The most frequent site of origin is the
[2]
lungs . Infrequently, extra-pulmonary sites include
the orbit, spleen, mesentery, intestines and other
[3]
organs . As of 2011, fewer than 300 cases of hepatic
[4]
IPTs have been reported in the medical literature .
More specifically, as of 2008, only 35 cases of pediatric
[5]
(childhood) hepatic IPTs have been reported so far .
Herein, we present the unusual case of hepatic IPT in
an 8-year-old boy who presented to the clinic with a
3-mo history of a hepatic mass and fever of unknown
origin and who was treated successfully with right
hepatic lobectomy.

CASE REPORT
An 8-year-old boy presented to the clinic with a 3-mo
history of a tender hepatic mass and fever of unknown
origin for which he underwent extensive workups
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A

B

Figure 1 Contrasted-enhanced computed tomography scan of the abdomen. A: Arterial phase: a 6.3 cm × 5.1 cm × 5.5 cm, relatively well-defined, hypo-dense
lesion with internal enhancement involving the right hepatic lobe (segments# Ⅴ, Ⅵ and Ⅶ); B: Delayed venous phase: the right hepatic vein was thrombosed,
whereas the middle and left hepatic veins, as well as the inferior vena cava, were patent.

A

B

Figure 2 T2-attenuated magnetic resonance imaging scan of the abdomen. A: A 4.7 cm × 4.7 cm × 6.6 cm, contrast-enhancing, hyper-intensive, well-defined,
and moderate- to large-sized lesion involving the right hepatic lobe (segments# Ⅴ, Ⅵ and Ⅶ); B: There was extension of the known hepatic IPT lesion into the path
of the right hepatic vein.

hepatic lobe, gall bladder and falciform ligament.
Histopathological examination of the gall bladder revealed
mild inflammation, whereas the histopathological
examination of the falciform ligament showed fibrofatty tissue without significant pathology. The resected
right hepatic lobe was sent for further macroscopic,
microscopic, and immunohistochemical analysis.
Macroscopically, the resected right hepatic lobe
measured 18 cm × 14 cm × 4 cm and weighted 595
g. There was a focal, soft, fleshy, yellow-white, tanned
nodule measuring 8 cm × 6 cm × 5 cm (Figure 4).
Microscopically, the hepatic lesion was surrounded
by a well-demarcated thin capsule (Figure 5). The
hepatic lesion exhibited a mixture of inflammatory
cells in a background of dense fibrous tissue (Figure 6
A, B). The inflammatory cells were mostly composed
of histiocytes with abundant cytoplasm, plasma cells,
mature lymphocytes, and occasional multinucleated
giant cells. The inflammatory cells were concentrated
mainly in the sub-capsular area at the periphery (Figure
6A) and around the blood vessels (Figure 6B). There
were no granulomas or necrotic areas.
Immunohistochemically, special stains for acid-fast
bacilli and fungi were negative. Moreover, the hepatic

Figure 3 Fine-needle aspiration of the focal hepatic lesion. The smear
contains a mixture of benign hepatocytes with histiocytes (Diff Quick stain,
magnification power: × 40).

In view of the unremitting fever of unknown
origin (FUO), tender hepatomegaly, thrombosed
right hepatic vein, nonspecific radiological findings,
and high suspicion of a deep-seated underlying
infection or malignancy, a right hepatic lobectomy was
recommended.
The patient underwent resection of the right
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Figure 4 Gross picture of the right hepatic lobectomy. There is a focal, soft,
fleshy, yellow-white, and tanned nodule measuring 8 cm × 6 cm × 5 cm.

Figure 5 Focal hepatic lesion was surrounded by a well-demarcated thin
capsule (HE stain, magnification power: × 20).

A

A

B

B

Figure 7 Immunohistochemical analysis of the focal hepatic lesion. A:
All histiocytes in the lesion stained diffusely positive for CD-68 (HE stain,
magnification power: × 40). B: A few plasma cells in the lesion stained focally
positive for IgG4 (IgG4 stain, magnification power: × 40).

Figure 6 Microscopic picture of the focal hepatic lesion displaying
a mixture of inflammatory cells (histiocytes, plasma cells, mature
lymphocytes, and occasional multinucleated giant cells) in a background
of dense fibrous tissues. The inflammatory cells were mostly concentrated
around the sub-capsular area at the periphery (A) and around the blood vessels
(B) (HE stain, magnification power: × 40).

pseudotumor (fibro-histiocytic subtype) was established.
The patient had an uneventful postoperative course
following surgery. At the postoperative 4-mo follow-up,
the patient was afebrile and symptom-free, with no
radiological evidence of hepatic recurrence.

lesion stained negative for SMA, ALK-1, CD-21 and
CD-23. Conversely, it stained diffusely positive for
CD-68 (Figure 7A). Furthermore, the hepatic lesion
displayed focal positivity for IgG4 (7 plasma cells/highpower field), which was inadequate for classifying it
as an IgG4-related disease (> 10 plasma cells/highpower field is required for the diagnosis) (Figure 7B).
In situ hybridization ruled out EBV infection.
Based on the histopathological and immuno
histochemical examinations (along with the clinical
history), a final diagnosis of hepatic inflammatory

WJG|www.wjgnet.com

DISCUSSION
[6]

The etiology of hepatic IPTs is largely unidentified .
Other probable etiologies include infections such as
actinomyces, bacteroides, Escherichia coli, Klebsiella,
enterococcus, gram-positive cocci and beta-hemolytic
streptococci. These seeding gut infectious bacteria may
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gain entry to the liver through the portal circulation
and subsequently provoke an inflammatory response,
which sometimes decreases or completely resolves
[4,7]
upon administration of antibiotics
or non-steroidal
[8]
anti-inflammatory drugs . Additional likely etiologies
include autoimmunity, trauma and surgical-related
[9-11]
infections
. Recently, an EBV-positive infection has
[12]
been reported as a possible predisposing factor . The
autoimmune etiology is supported by the association
[13]
with certain IgG4-related diseases .
Histologically, hepatic IPTs can be categorized into
[13]
two variants: fibrohistiocytic and lymphoplasmacytic .
Fibrohistiocytic-variant hepatic IPTs are typically
characterized by abundant xanthogranulomatous
inflammation (foamy histiocytes or multinucleated
giant cells); lymphocytic and neutrophilic infiltrations
in a background of plentiful fibrous tissue; massforming lesions mostly located in the peripheral hepatic
parenchyma (sub-capsular); venous obstruction with
minimal inflammation; cholangitis without periductal
[13]
fibrosis; and minimal IgG4 positivity of plasma cells .
Conversely, lymphoplasmacytic-variant hepatic IPTs
are typically characterized by diffuse inflammatory
cells mainly consisting of plasma cells and lymphocytes
(minimal histiocytes); conspicuous eosinophilic
infiltration in a background of reduced fibrous tissue;
mass-forming lesions mostly located around the
hepatic hilum; obliterative phlebitis; cholangitis with
periductal fibrosis; and extremely marked IgG4
[14]
positivity of plasma cells .
Bearing in mind that hepatic IPTs are considered
benign lesions and that their natural clinical course
advances toward regression, it is critical to establish
the most accurate diagnosis and not to regard them
as malignant neoplasms that may lead to needless
[14,15]
surgical excisions
. However, accurately diagnosing
hepatic IPTs can be very challenging because the
clinical presentation and radiological appearances are
nonspecific and cannot be certainly distinguished from
[7,16,17]
other malignant neoplastic processes
. Further
research is needed.
Clinically, the most frequent presenting symptoms
of hepatic IPTs are abdominal pain and subjective
constitutional symptoms such as fever, malaise,
[5,6]
fatigue and weight loss . Other infrequent symptoms
may include myalgia, jaundice and gastrointestinal
upset. Despite the vast majority of patients being
symptomatic (91%), a small proportion of patients are
[6]
asymptomatic (9%) . A study conducted by Torzilli
[18]
et al
revealed that hepatic IPTs were incidentally
found in approximately 1% of 403 patients undergoing
resection of focal liver lesions.
[18]
From the laboratory testing viewpoint , more than
one-third (37%) of hepatic IPT patients present with
high white blood cell counts (WCCs) and elevations of
acute-phase reactant inflammatory markers such as
ESR and CRP. Deranged liver function tests are also
present in approximately 15% of patients. Our patient
had neither leukocytosis nor deranged LFTs; however,
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he had high ESR and CRP levels.
Measuring the soluble CD-25 serum level is not a
routine practice in our hospital. In fact, globally, the
routine use of soluble CD-25 is largely unavailable in
the vast majority of laboratories, and its current use is
limited to only experimental research purposes.
In our case, the reason for ordering the soluble
CD-25 serum-level test was rationalized by (1) its
availability at our advanced tertiary-care hospital and,
more importantly; and (2) the possible differential
diagnosis of macrophage activation syndrome (MAS).
MAS is a fatal complication of pediatric rheumatic
diseases. It occurs most often in children with
systemic juvenile idiopathic arthritis (SJIA) and is
characterized by the presence of neurologic symptoms,
pancytopenia, coagulopathy mimicking disseminated
intravascular coagulation and hepatic insufficiency.
Its presumed pathogenesis is the life-threatening
activation and uncontrolled expansion of T-lymphocytes
and macrophagic histiocytes, causing excessive
[19,20]
hemophagocytosis and cytokine overproduction
.
Recently, soluble serum CD-25 (the alphachain of the IL-2 receptor) has been demonstrated
to be a potentially useful marker for identifying
[21,22]
early (subclinical) MAS in patients with SJIA
.
Additionally, at the very onset of MAS, patients
may experience a paradoxical improvement in the
underlying inflammatory disease, with eventual
resolution of arthritis signs and symptoms, as well as a
rapid decrease in the ESR. The latter phenomenon may
be attributed to hypofibrinogenemia due to fibrinogen
[23]
consumption and hepatic dysfunction . Despite the
high level of soluble CD-25 in the serum, our patient
did not adequately meet the other diagnostic criteria
[24-26]
for MAS complicating SJRA
.
In our case, the patient developed right hepatic vein
thrombosis, and this event could be attributed to three
main reasons. First, hepatic IPTs are characterized by
[1]
extensive proliferation of multiple inflammatory cells
that jointly produce various thrombogenic cytokines,
leading to pro-coagulant activity (that is, thrombosis)
[27]
of the vascular endothelium . Figure 6B shows that
the inflammatory cells were concentrated around
blood vessels. Second, as revealed by CT (Figure 1A)
and MRI (Figure 2A) scans, the hepatic IPT lesion
involved the right hepatic lobe (segments Ⅴ, Ⅵ, and
Ⅶ), which is known to be anatomically drained by
the right hepatic vein. Accordingly, extension of the
hepatic IPT lesion (thrombo-embolus) into the right
hepatic vein lumen is a plausible reason for the right
hepatic vein thrombosis/obstruction. Third, as opposed
to the central (hilar) location, the peripheral location of
the hepatic IPT (in our case-right lobe) and occurrence
of hepatic venous thrombosis/occlusion is a well[13]
documented phenomenon in the literature .
In our case, the portal vein was unremarkable.
Local thrombosis of the portal vein is a well-recognized
complication of IPT lesions involving the hepatic hilum
[13,28,29]
rather than the peripheral hepatic parenchyma
.
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Table 1 Recent reports of hepatic inflammatory pseudotumors in childhood, from 2009 to 2014
Ref.

Age

Sex

Clinical
presentation

Kim et al[48]

5-mo-old

Male

Hepatomegaly

Fernandes et al[30]

9-mo-old

Male

Xiao et al[49]

4-mo-old

Male

Abdominal pain
and fever
Abdominal pain

Nagarajan et al[5]

15-mo-old

Male

Hepatomegaly

Fragoso et al[50]

16-mo-old

Male

Thoracic wall mass

Manolaki et al[51]

9-mo-old Female

Goldsmith et al[6]

7-mo-old

Male

Geramizadeh et al[52] 14-mo-old

Male

Geramizadeh et al[52] 15-mo-old

Male

Tumor
markers

Important notes

No. of
lesions

Site of the
lesions

Treatment

Outcome

Single

Right lobe

Surgery

Recovery

Right lobe

Conservative
(antibiotics)
Conservative
(antibiotics)
Surgery

Recovery

Conservative
(antibiotics)
Surgery

Recovery

Surgery

Surgery

Postoperative Portal
vein thrombosis underwent liver
transplant.
Alive 5 years posttransplant
Recovery

Surgery

Recovery

Normal

Extensive portal Multiple
venous thrombosis
Normal
Single
Normal Pre-term birth and
disrupted iron
profile

Epigastric pain,
Normal
fever and anorexia
(1.5-kg weight loss)

Right lobe

Single

Left lobe

Single

Right lobe

Mycobacterium
Single
Left lobe
tuberculosis
infection in an
immunocompetent
girl
Multiple Hilum with
extension to
segments Ⅳ
and Ⅷ

Fever, chills, and
anorexia (8-kg
weight loss)
Anorexia and
weight loss

Single

HBS-positive

Left lobe

Recovery
Recovery

Recovery

HBS: Hepatitis B surface antigen.

However, although this condition is rare, Fernandes
[30]
et al
reported the extremely unusual case of exten
sive portal venous thrombosis and peripheral right
hepatic lobe IPT in a 9-year-old boy who presented
to an emergency department with a 20-d history of
abdominal pain and fever of 2 days’ duration.
Despite the advances in imaging technologies,
distinguishing between IPTs and other focal hepatic
[4]
lesions continues to be a major challenge . Radio
logically, hepatic IPTs may largely mimic other
granulomatous lesions (such as sarcoidosis and
tuberculosis) or malignant lesions (such as metastatic
tumors, hepatocellular carcinoma, lymphoma, and
[4]
malignant fibrous histiocytoma) . Hepatic IPTs
can present as a single or multi-focal mass with
[5,7,16,17]
a non-specific radiological appearance
. On
ultrasound imaging, these lesions may appear hyperechoic or hypo-echoic, with septations and increased
[31]
through-transmission . On contrast-enhanced CT
imaging, variable patterns of enhancement exist,
such as peripheral enhancement with delayed central
filling, homogeneous enhancement, heterogene
ous enhancement and enhancement of septa.
Alternatively, there may be negative enhancement or
[9,31]
central necrosis
. On MRI imaging, these lesions
express hyper-intensity and hypo-intensity on T2[32]
attenuated and T1-attenuated scans, respectively .
Moreover, the presence of small nodular extensions
at the boundary of the hepatic IPT lesions during the
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hepatobiliary phase of gadoxetic acid (Gd-EOB)-MRI
may represent a distinctive radiological finding of
hepatic IPT. However, this finding is still investigational
and needs to be validated and reproduced in other
[33]
cases . On fluorodeoxyglucose (FDG) positron
imaging tomography/computed tomography (PET/CT)
scan, the FDG uptake in hepatic IPTs range from low
to high uptake, depending on several factors, such
as (1) lesion cellularity; (2) biological behavior; (3)
composition and number of inflammatory cells; and (4)
[34]
degree of inflammatory cell activation . Additionally,
FDG PET/CT scans may be valuable for identifying
new primary IPTs, loco-regional relapses, and distant
[34]
metastatic foci .
[7,16,17]
Despite the nonspecific radiologic appearances
,
it can be concluded that the various imaging modalities
may offer valuable clues for diagnosing hepatic IPT in
patients with the following characteristics: (1) clinical
signs and symptoms of inflammation; (2) laboratory
results suggesting inflammation; (3) normal serum
tumor markers such as CEA, CA 19-9 and AFP; and
(4) evidence of mass-occupying hepatic lesions on
[35]
imaging .
When radiological findings are inconclusive,
[36]
FNA may be helpful in establishing the diagnosis .
However, on several occasions, the FNA findings
may not be sufficient to establish the diagnosis;
therefore, hepatic resection of suspicious lesions
may be required with subsequent histopathological
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5.5 cm, relatively well-defined, hypodense lesion with internal enhancement
involving the right hepatic lobe (segments Ⅴ , Ⅵ and Ⅶ ), as well as a
thrombosed right hepatic vein; magnetic resonance imaging yielded similar yet
nonspecific findings.

and immunohistochemical analysis to establish the
[37]
definitive diagnosis .
The management of hepatic IPTs remains a
[6,14]
topic of dispute
. Hepatic IPTs are largely benign
[14,15]
lesions
. The natural clinical course is spontaneous
[7,14,38,39]
regression without intervention
. However,
therapeutic interventions are sometimes necessary.
Management options include conservative or
surgical approaches. Conservative management
[4,7]
with antibiotics , non-steroidal anti-inflammatory
[8]
[40,41]
drugs , or steroids
yields complete resolution
of hepatic IPTs, although subsets of patients develop
[42]
subsequent recurrences . More-aggressive radical
treatment (that is, surgical resection) is advocated by
[43-45]
many authors
. Malignant transformation of IPTs
(into hepatic sarcomas and non-Hodgkin lymphomas)
and recurrent distant metastases a few years
following surgical resection have been described in the
[46,47]
literature
.
All cases of pediatric hepatic IPTs from 1971 to
[5]
2008 (n = 35) were reviewed by Nagarajan et al .
Some recent reports of hepatic IPTs in childhood
from 2009 to 2014 (n = 9) are summarized in Table
[5,6,30,48-52]
1
.
In conclusion, hepatic IPTs are uncommon, benign
lesions. Accurately diagnosing hepatic IPTs can be
very challenging because the clinical presentation and
radiological appearance are nonspecific and cannot
be certainly distinguished from malignant neoplastic
processes. Hepatic IPTs should be considered in the
differential diagnosis of all pediatric patients presenting
with FUO. The consensus regarding management
includes conservative treatment, and if failed, surgical
resection. Histopathological and immunohistochemical
analysis of the hepatic lesion yields the definitive
diagnosis.

Pathological diagnosis

Microscopically, the right hepatectomy tissue exhibited a mixture of
inflammatory cells (histiocytes, plasma cells, mature lymphocytes, and
occasional multinucleated giant cells) in a background of dense fibrous tissue
without granulomas, whereas immunohistochemical staining showed negativity
for SMA, ALK-1, CD-21 and CD-23 but diffuse positivity for CD-68 and focal
positivity for IgG-4.

Treatment

The patient underwent a right hemi-hepatectomy.

Related reports

Pediatric (childhood) hepatic inflammatory pseudotumors (IPTs) are exceedingly
uncommon, and fever of unknown origin is a rare presenting clinical symptom.

Term explanation

Inflammatory pseudotumors, also known as inflammatory myofibroblastic
tumors, are rare, benign lesions characterized histologically by the proliferation
of inflammatory cells (for example, neutrophils, eosinophils, lymphocytes,
plasma cells, histiocytes, and multinucleated giant cells), myofibroblasts and
spindle-shaped cells.

Experiences and lessons

Although rare, hepatic IPTs should be suspected in pediatric patients with the
following characteristics: (1) clinical and laboratory findings of inflammation/
infection; (2) normal serum tumor markers such as AFP, CEA, and CA 19-9;
and (3) evidence of liver mass-occupying lesions on imaging.

Peer-review

This article presents a rare yet challenging case of pediatric hepatic IPT. This
case report highlights that-in view of FUO, tender hepatomegaly, a thrombosed
right hepatic vein, nonspecific radiological findings, and a high suspicion
of deep-seated underlying infection or malignancy-surgical resection is the
recommended management strategy.
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EDITORIAL

Inflammatory pouch disease: The spectrum of pouchitis
Petros Zezos, Fred Saibil

Abstract

Petros Zezos, Fred Saibil, Division of Gastroenterology,
Department of Medicine, Sunnybrook Health Sciences Centre,
University of Toronto, Toronto, Ontario M4N 3M5, Canada

Restorative proctocolectomy with ileal-pouch anal
anastomosis (IPAA) is the operation of choice for
medically refractory ulcerative colitis (UC), for UC with
dysplasia, and for familial adenomatous polyposis
(FAP). IPAA can be a treatment option for selected
patients with Crohn’s colitis without perianal and/or
small bowel disease. The term “pouchitis” refers
to nonspecific inflammation of the pouch and is a
common complication in patients with IPAA; it occurs
more often in UC patients than in FAP patients. This
suggests that the pathogenetic background of UC may
contribute significantly to the development of pouchitis.
The symptoms of pouchitis are many, and can include
increased bowel frequency, urgency, tenesmus, incon
tinence, nocturnal seepage, rectal bleeding, abdo
minal cramps, and pelvic discomfort. The diagnosis
of pouchitis is based on the presence of symptoms
together with endoscopic and histological evidence of
inflammation of the pouch. However, “pouchitis” is a
general term representing a wide spectrum of diseases
and conditions, which can emerge in the pouch.
Based on the etiology we can sub-divide pouchitis
into 2 groups: idiopathic and secondary. In idiopathic
pouchitis the etiology and pathogenesis are still unclear,
while in secondary pouchitis there is an association with
a specific causative or pathogenetic factor. Secondary
pouchitis can occur in up to 30% of cases and can be
classified as infectious, ischemic, non-steroidal antiinflammatory drugs-induced, collagenous, autoimmuneassociated, or Crohn’s disease. Sometimes, cuffitis
or irritable pouch syndrome can be misdiagnosed
as pouchitis. Furthermore, idiopathic pouchitis itself
can be sub-classified into types based on the clinical
pattern, presentation, and responsiveness to antibiotic
treatment. Treatment differs among the various forms
of pouchitis. Therefore, it is important to establish the
correct diagnosis in order to select the appropriate
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treatment and further management. In this editorial,
we present the spectrum of pouchitis and the specific
features related to the diagnosis and treatment of the
various forms.

Table 1 Classification of “pouchitis” according to the etiology
Idiopathic pouchitis
Secondary pouchitis
Infectious
Bacterial pathogens
Clostridium difficile, Campylobacter jejuni, Salmonella typhi,
Escherichia coli, Klebsiella, Pseudomonas, others
Fungi: Candida
Viruses: CMV
Ischemic
NSAID-associated
Collagenous
Autoimmune-associated
Crohn’s disease-associated
Other diagnoses
Cuffitis
Irritable pouch syndrome

Key words: Pouchitis; Idiopathic pouchitis; Secondary
pouchitis; Ulcerative colitis, Crohn’s disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Proctocolectomy with ileal-pouch and anal
anastomosis is the operation of choice for refractory
ulcerative colitis, for colitis with dysplasia, for familial
polyposis and for selected Crohn’s colitis patients.
Pouchitis symptoms are non-specific, and cannot be
used alone to identify the cause. Furthermore, the
name “pouchitis” is a general term representing many
conditions, with differing causes and treatments. To
manage pouchitis appropriately, one must be able to
establish the correct diagnosis. In this paper, we have
reviewed the diagnostic methods, including endoscopy,
histology and other investigative tools, with the goal
of being able to provide the correct diagnosis and
treatment.

NSAID: Non-steroidal anti-inflammatory drug.

The diagnosis of pouchitis is based on the presence
of symptoms plus endoscopic and histological evidence
of inflammation of the pouch. In general, pouchitis can
present in 3 forms - acute, relapsing or chronic.
However, “pouchitis” is a general term like “colitis”,
and represents a wide spectrum of diseases and
conditions, which can emerge in the pouch (Table 1).
Based on etiology, we can identify 2 main diagnostic
pouchitis groups - idiopathic and secondary. In “idi
opathic” pouchitis, the etiology and pathogenesis are
unclear, while in “secondary” pouchitis, there is an
association with a specific causative or pathogenetic
[6]
factor . Secondary pouchitis occurs in up to 30% of
cases and can be infectious, ischemic, non-steroidal
anti-inflammatory drug (NSAID)-induced, collagenous,
autoimmune-associated, or due to Crohn’s disease.
Sometimes, cuffitis or irritable pouch syndrome are
misdiagnosed as pouchitis. Furthermore, idiopathic
pouchitis can be sub-classified in types based on the
clinical pattern, presentation, and responsiveness to
antibiotic treatment.

Zezos P, Saibil F. Inflammatory pouch disease: The spectrum
of pouchitis. World J Gastroenterol 2015; 21(29): 8739-8752
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i29/8739.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i29.8739

POUCHITIS: DEFINITIONS AND
CLASSIFICATION
Restorative proctocolectomy with ileal-pouch and
anal anastomosis (IPAA) is the operation of choice
for refractory ulcerative colitis (UC), for UC with
dysplasia, and for familial adenomatous polyposis
(FAP). Additionally, IPAA can be a treatment option for
a selected group of patients with Crohn’s colitis without
[1]
perianal and/or small bowel disease .
Pouchitis is a common complication in patients with
IPAA, but the term is nonspecific, and encompasses a
variety of etiologies and pathogenesis. Interestingly,
while pouchitis may occur in up to 50% of patients
[2,3]
with UC, it is rarely seen in patients with FAP . This
suggests that the pathogenetic background of UC
may contribute significantly to the development of
pouchitis.
[4]
The symptoms of pouchitis are nonspecific and
can include increased bowel frequency, urgency,
tenesmus, incontinence, nocturnal seepage, rectal
bleeding, abdominal cramps, and pelvic discomfort.
Extraintestinal manifestations, involving joints, eyes,
skin and liver may also be present, more commonly in
[5]
UC patients with IPAA .

WJG|www.wjgnet.com

IDIOPATHIC POUCHITIS
In the majority of patients with pouchitis, the etiology
and pathogenesis are not clear and the disease is
identified as idiopathic pouchitis. The pathogenesis
of pouchitis in these patients may be triggered by
dysbiosis, leading to an altered mucosal immune
response.

Pathogenesis

The intestinal microbiota, the intestinal epithelial cells
and the immune system of the gut epithelium play a
[7]
vital role in pouch homeostasis . Following ileostomy
closure, the ileal mucosa of the pouch is exposed to
feces containing higher bacterial concentrations than in
the ileum of a healthy individual; this is due to relative
[7]
fecal stasis in the pouch . During the first year
following ileostomy closure, adaptive changes occur
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Microbiota
Colonic type composition
Dysbiosis
Sulfate-reducing bacteria

Mechanical factors
Ischemia?

Genetic susceptibility?
Pouchitis

Mucosal immune response
Innate: dendritic cells
Adaptive
Increased mucosal permeability

Mucosal adaptation
Colonic metaplasia

Figure 1 Idiopathic pouchitis pathogenesis.

gradually in the pouch microbiota and mucosa. The
[8]
pouch microbiota shift to a colon-like composition
and colonic metaplasia of the pouch mucosa occurs,
where mucosal goblet cells and columnar epithelial
cells acquire colonic morphologic and functional
[9]
characteristics . Current evidence suggests that the
interactions of the altered composition and/or the
quantity of the luminal microbiota (dysbiosis), with
the altered characteristics of the mucosa (colonic
metaplasia), in conjunction with abnormalities of
innate and adaptive mucosal immunity, play a key role
[7,10,11]
in the pathogenesis of pouchitis (Figure 1)
.

pouchitis pathogenesis.
Immune responses: The interactions between the
pouch microbiota and host immune responses, innate
and adaptive, play also significant role in pouchitis
pathogenesis. Innate mucosal immune reactions
are implicated in pouchitis pathogenesis, while the
adaptive mucosal immunity reactions probably are an
epi-phenomenon after the activation of a nonspecific
[15,16]
inflammatory cascade or pathway
. Mucosal barrier
dysfunction, with increased intestinal permeability, is
[17]
also believed to play a role in pouchitis . In a recent
[18]
study, Landy et al
found abnormalities in tight
junction protein (TJP) expression in UC pouches and
differences in dendritic cell (DC) expression of guthoming markers and toll-like receptors (TLRs) between
the inflamed and non-inflamed ileal pouch in patients
with UC, but not FAP.

Microbiota: Pouchitis in UC patients is usually res
ponsive to antibiotic therapy, which is presumed to
indicate that bacteria are involved in the pathogenesis.
However, microbiological investigations of the bacterial
communities with cultures of stool or mucosal biopsies
have failed to reveal the culprit species. Furthermore,
even the new molecular microbiological techniques
have failed to identify a certain species or a group
of species which can specifically be associated with
[12]
pouchitis in patients with either a UC or FAP pouch .
However, studies have shown that pouch microbiota
[13]
differ between UC patients and FAP patients .
Bacterial diversity seems to play a protective role since
it is significantly greater in FAP patients compared to
UC patients without pouchitis, and it was also greater
in UC patients without pouchitis compared to UC
[12]
patients with pouchitis . In addition, there may be a
temporary alteration in the composition of the microbial
community during pouchitis compared to the non[13]
inflamed pouch, both in UC and FAP pouch . Sulfatereducing bacteria may play a role in UC patients with
pouchitis. These bacteria exclusively colonize pouches
in UC patients and not in FAP patients; the reasons are
[14]
unknown . Since idiopathic pouchitis is seen mostly
in UC patients, these bacteria may well play a role in

WJG|www.wjgnet.com

Genetics: So far, only a few small studies have
analyzed genetic susceptibility to pouchitis. Poly
morphisms in the interleukin-1 receptor antagonist
gene allele 2, tumor necrosis factor (TNF) allele 2,
TLR 1 and NOD2/CARD15 have been associated
with pouchitis. In addition, the carriers of the toll-like
receptor (TLR) 9-1237C and the CD14-260T alleles
were found significantly more often to have the chronic
[11]
relapsing form of pouchitis .

Risk factors

Reported risk factors for pouchitis include genetic
susceptibility (polymorphisms of IL-1ra and NOD2/
CARD15, non-carrier status of TNF allele 2), extensive
UC, backwash ileitis, preoperative thrombocytosis
or corticosteroid use, extraintestinal manifestations,
especially PSC, the presence of p-ANCA, non-smoking
[10]
status, and the use of NSAIDs . Different risk
factors may be associated with the different types of
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Table 2 The variety of idiopathic pouchitis classifications
Activity
Active
Inactive
Presentation
Acute < 4 wk duration
Chronic > 4 wk duration
Clinical pattern
Single episode
Infrequent < 4 episodes a year
Relapsing > 4 episodes a year
Continuous
Response to treatment
Responsive
Refractory
Response to antibiotics
Antibiotic-responsive:
Infrequent episodes (< 4 episodes per year) responding to a 2-wk course of a single antibiotic
Antibiotic-dependent
Frequent episodes or persistent episodes of pouchitis requiring long-term, continuous therapy for maintaining remission
Chronic antibiotic-refractory
Not responding to a 4-wk course of metronidazole or ciprofloxacin, requiring prolonged therapy of ≥ 4 wk consisting of 2 or more antibiotics,
oral or topical 5-ASA, corticosteroids, AZA/6-MP, or biologics

[25]

chronic refractory pouchitis . Fecal samples were
analyzed in 15 patients with active refractory pouchitis
and the cultures revealed Escherichia coli, Klebsiella,
unclassifiable coliforms, Pseudomonas, and Morganella
in isolation or in combination. Treatment was based
on antibiotic sensitivity results; clinical response and
remission was achieved in 12 out of 15 cases (80%).
This study showed that fecal culture, fecal coliform
sensitivity testing and targeted antibiotic treatment
can be beneficial in some patients with refractory
pouchitis. It is important to notify the lab to perform
sensitivities on all predominant organisms, and to not
discard cultures of what appear to be commensals.

pouchitis, suggesting different pathogenic pathways in
the various forms of idiopathic pouchitis and secondary
pouchitis.

Classification

Idiopathic pouchitis can be categorized as acute,
acute relapsing, or chronic. It can also be classified
as antibiotic-responsive, antibiotic-dependent and
[10,19]
antibiotic-refractory (Table 2)
. It is important to
emphasize that approximately 20%-30% of patients
with chronic antibiotic-refractory pouchitis are misclassified, and actually have secondary pouchitis. The
management of these conditions differs from that for
idiopathic pouchitis and is specific to the underlying
etiology.

Candidal pouchitis

Although fungal pouchitis as a distinct form of pouchitis
has not yet been described, fungal infection might
be involved in a subgroup of patients with chronic
[6]
refractory pouchitis. Navaneethan et al reported that
they have occasionally seen pouchitis in the setting of
systemic candidiasis, although fungal invasion of the
pouch tissue on histology was rare. In addition, they
mention that clotrimazole has been shown to benefit
patients with refractory pouchitis who had previously
[6]
failed to respond to standard antibiotic therapies .
Although there is as yet no completed study, the
authors stated that a study was in progress assessing
the effectiveness and safety of topical clotrimazole
enema in pediatric and adult patients with pouchitis
[6]
(http://clinicaltrials.gov/ct2/show/NCT00061282) .

SECONDARY POUCHITIS
Clostridium difficile pouchitis

Clostridium difficile (C. difficile) infection (CDI) is a
common cause of diarrhea in hospitalized patients,
[20]
including those with IBD . It is now also a common
cause of antibiotic-associated diarrhea in the general
[21]
population with increasing incidence . CDI can
also affect IBD patients post-surgically, both in
ileostomates, with increased stoma output, and in
patients with IPAA, in whom CDI may range from
simple asymptomatic colonization to chronic antibiotic[22,23]
refractory pouchitis
. Fulminant Clostridium difficile[24]
associated pouchitis has also been described .
Management choices should reflect standard practices
for the treatment of this infection.

CMV pouchitis

CMV infection in patients with IPAA can cause ch
ronic pouchitis with a clinical presentation similar to
idiopathic pouchitis, with the only difference being
that patients with CMV-associated pouchitis more

Infectious pouchitis

In a recent study, bacterial pathogens other than C.
difficile have been identified in some patients with

WJG|www.wjgnet.com
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often have fever compared to those with idiopathic
[26]
pouchitis .

to a more severe chronic antibiotic-resistant pouchitis.
It is characterized by elevated serum IgG4 and/or
infiltration of the pouch mucosa with IgG4-expressing
plasma cells, even in the absence of concurrent
[5]
autoimmune pancreatic disease .

Ischemic pouchitis: Pouch ischemia may also be
a cause of pouchitis. Characteristically, ischemic
pouchitis is more often found in the efferent limb of the
[27]
pouch . Factors related to the surgical construction of
the pouch have been implicated, including disruption
of the vessels supplying the distal ileum during
colectomy or the tension of the mesentery and/or the
vessels that supply the distal ileum during the IPAA
construction. However, besides the mechanical factors,
the underlying disease may also play role, since
ischemic pouchitis is more common in UC patients
[28]
than in those with FAP . Ischemic pouchitis may also
be related to oxidative stress of the endothelial cells,
due to ischemia-reperfusion injury, which eventually
[29]
results in inflammation of the pouch mucosa .
Patients with IPAA have lower plasma concentra
tions of lipophilic antioxidants (alpha-carotene, betacarotene and lycopene) and higher free radical activity
[29]
suggesting increased oxidative stress . Patients with
ischemic pouchitis are often mis-classified as having
chronic antibiotic-refractory pouchitis. Most of these
patients have minimal symptoms, and do not require
management.

Crohn’s pouchitis: Crohn’s disease of the pouch
can occur in patients with prior Crohn’s colitis without
previous small intestinal or perianal disease. More
interestingly, Crohn’s disease of the pouch can develop
de novo in UC patients after colectomy with IPAA. CD
of the pouch can exhibit the inflammatory, fistulizing
or fibrostenotic phenotypes of classic CD and can
affect any part of the gastrointestinal tract including
the proximal GI tract, the neo-terminal ileum, the
pouch and the perianal area. CD pouchitis is a more
complex disease than the idiopathic variant or the
other secondary forms of pouchitis. Separation of
this diagnosis from the other forms of pouchitis, as
well as from the surgery-associated complications
[31]
is required . With a view to pouch preservation,
management should be relatively aggressive; unless
antibiotics are highly effective, immunomodulators
and/or biologics should be used, with the goal of
mucosal healing.
Cuffitis: Cuffitis refers to inflammation of the rectal
cuff in the area between the anastomosis and dentate
line. Cuffitis may be a variant of UC or simply represent
a flare of UC in the rectal cuff, and is particularly
common in IPAA constructed with stapled anastomosis
without mucosectomy. With this technique a 1-2 cm
segment of rectal columnar epithelium remains in situ,
increasing the risk for cuffitis and requiring surveillance
for dysplasia. The symptoms of cuffitis can be very
similar to those of pouchitis plus the presence of
bloody bowel movements. Thus, differential diagnosis
from pouchitis is required since the management can
[32-34]
be different
.

NSAID-induced pouchitis: It is well known that
NSAID use can induce mucosal injury in the GI tract
and can exacerbate disease activity in IBD patients.
Not surprisingly, in a subset of patients with IPAA,
NSAIDs can cause erosions in the pouch mucosa,
which can result in either a pure NSAID-induced
pouchitis per se or exacerbation of a pre-existing
idiopathic pouchitis. NSAID use should always be
elucidated in patients with chronic antibiotic-refractory
[30]
pouchitis . Elimination of NSAIDs should result in
resolution.
Autoimmune pouchitis: In a subgroup of patients
with antibiotic-refractory chronic pouchitis, there is
emerging evidence implicating autoimmunity as a factor.
In these patients the pouchitis has some particular
features, including: no response to conventional
antibiotics; presence of extraintestinal manifestations
such as arthralgia or PSC; concurrent autoimmune
disorders such as asthma, psoriasis, type Ⅰ diabetes,
rheumatoid arthritis, autoimmune thyroid diseases,
psoriasis, systemic lupus erythematosus; presence of
serum autoantibodies (pANCA); and responsiveness to
immunosuppressive therapies (steroids, thiopurines,
[5]
biologics) .
Autoimmune pouchitis includes the PSC-associated
and IgG4-associated forms of pouchitis. PSC has
been described as a risk factor for the development
of pouchitis in UC patients with IPAA. PSC-associated
pouchitis predisposes to chronic antibiotic-resistant
pouchitis. IgG4-associated pouchitis represents another
subgroup of autoimmune pouchitis that predisposes

WJG|www.wjgnet.com

Irritable pouch syndrome: The irritable pouch
syndrome is a functional disorder of unclear cause
in patients with IPAA. The patients present with
symptoms of pouchitis without endoscopic or histologic
evidence of inflammation in the pouch mucosa. It is
a diagnosis of exclusion; aside from idiopathic and
secondary pouchitis, other diagnoses which should
be excluded include celiac disease, lactose or fructose
intolerance, and proximal small-bowel bacterial
[35]
overgrowth, and possibly others .

DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS
“Pouchitis” represents a wide spectrum of inflam
matory and non-inflammatory disorders of the
pouch, with different pathogenetic mechanisms, pre
sentations, courses, prognoses and treatments. It is
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Table 3 The pouchitis disease activity index

Table 4 The pouchitis activity score

Criteria

Score

Clinical
Stool frequency
Usual postoperative stool frequency
1-2 stool⁄d > postoperative usual
3 or more stool⁄d > postoperative usual
Rectal bleeding
None or rare
Present daily
Fecal urgency or abdominal cramps
None
Occasional
Usual
Fever (temperature > 37.8 ℃)
Absent
Present
Endoscopic findings
Edema
Granularity
Friability
Loss of vascular pattern
Mucous exudates
Ulceration
Histological findings - acute histological inflammation
Polymorphonuclear leucocyte infiltration
Mild
Moderate without crypt abscess
Severe with crypt abscess
Ulceration per low-power field (mean)
< 25%/25%-50%/> 50%
Total pouchitis disease activity index (max 18) pouchitis ≥ 7

Criteria

0
1
2
0
1
0
1
2
0
1
1
1
1
1
1
1

1
2
3
1/2/3

0/2/4/6
0/3
0/3
0/1
0/1
0/1/2
0/2/3
0/2
0/2/3

0/1/2/3

0/1/2/3

0/1/2/3
0/1/2/3

[36]

endoscopic and/or histologic findings . It is generally
accepted that the diagnosis and differential diagnosis
of pouchitis should be based on a combination of
[37]
clinical, endoscopic and histological findings .
Two scoring systems have been developed to
diagnose pouchitis and to assess disease severity, the
[38]
pouchitis disease activity index and the pouchitis
[39]
activity score (PAS) . Both combine the scoring of
clinical symptoms, endoscopic findings and histologic
features (Tables 3 and 4) and are commonly used in
clinical trials. On the other hand, in clinical practice,
endoscopy is the most accurate and valuable tool
to diagnose the presence, describe the features and
assess the severity of inflammation in the pouch
mucosa.
Pouchoscopy guides the next steps of the diagnostic
work-up and, finally, the treatment. During pouchoscopy
it is important to identify and carefully evaluate the
pouch outlet, the pouch body, the efferent limb, the tip
of the pouch (in J pouch), the pouch inlet, the afferent
limb, the staple lines and the anal transitional zone
[40]
or cuff (Figure 2) . The endoscopist should collect
information about the anatomical construction of the
pouch and the severity, extent, and distribution of
mucosal inflammation in the various parts of the pouch.
The presence of edema, granularity, erythema, friability,
spontaneous bleeding, erosions and ulcerations should
[41]
be recorded . Additionally, one should record the
presence of afferent loop ileitis, cuffitis, or inflammatory
polyps.
Although one might expect a totally normal mucosa
in the pouch, mild patchy edema and erythema are

Afferent loop
Tip of "J" pouch
Pouch inlet

Pouch body
Efferent loop
Pouch outlet

Rectal cuff

Figure 2 The J-pouch anatomy (adapted and modified from Cima et al[40]).

therefore important to establish the correct diagnosis
in order to optimize the management and treatment.
The symptoms of pouchitis are non- specific. As is
often the case in IBD, the severity of the symptoms
does not necessarily correlate with the severity of
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Score

Clinical
Stool frequency/24 h: < 8/8-10/10-13/> 13
Urgency: absent/present
Rectal bleeding: absent/present
Endoscopic findings
Edema: absent/present
Granularity: absent/present
Friability: absent/mild/severe
Erythema: absent/mild/severe
Mucosal flattening: absent/present
Ulcerations/erosions: absent/mild/severe
Histological findings
Acute histological inflammation
Polymorphonuclear leucocyte infiltration
absent/discrete and patchy/moderate ± crypt
abscesses or cryptitis/
extensive ± crypt abscesses or cryptitis
Ulcerations/erosions
absent/mild and superficial/moderate/extensive
Chronic histological inflammation
Polymorphonuclear leucocyte infiltration
absent/mild and patchy/moderate/extensive
Villous atrophy
absent/minimal/partial/subtotal-total
Total pouchitis activity score (max 36)
Pouchitis ≥ 13
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A

B

Tip of pouch

Pouch body

Pouch body
mucosal granular pattern

Afferent loop

Pouch reverse view

Figure 3 Normal pouch mucosa (A), mucosal granular pattern (edema) with disappearance of the mucosal vascular pattern (B).

A

B

Figure 4 Active pouchitis (A, B). The mucosal vascular pattern has been lost and the mucosa is characterized by diffuse redness, severe edema with erosions and
ulcers.

considered to be acceptable in a “normal” pouch
[42]
(Figure 3A and B) . A normal-appearing mucosa
in a symptomatic patient should raise the suspicion
of irritable pouch syndrome. In active pouchitis, a
spectrum of findings occurs. Most typical is a mucosa
with findings resembling those of active ulcerative
colitis (Figure 4A and B).
Patients with CDI pouchitis typically lack the clas
sical endoscopic or histologic features of pseudo[43]
membranes . Immune-mediated pouchitis, including
the PSC-associated and IgG4-associated forms, often
produces diffuse inflammation in the pouch body,
together with a long segment of inflammation in the
[44]
afferent limb .
Ischemic pouchitis is characterized by an asym
metric distribution of the inflammation in the pouch
body. The pouchitis is present in the efferent limb only,
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sparing the afferent limb of the pouch, with a sharp
demarcation of inflamed and non-inflamed parts of the
[27]
pouch body .
Patients with typical CD of the pouch may have:
segmental inflammation of the pouch body and/or
[45]
afferent limb ; strictures at the pouch inlet/outlet or
in the afferent limb (Figure 5A-H); and the presence of
1 or more fistulas (perianal, pouch-vaginal or pouch[46]
vesical) .
With a finding of afferent limb ileitis, one must
consider the following possibilities: NSAID-induced
ileitis, CD ileitis, and immune-related ileitis. Immune
ileitis is continuous, whereas the lesions in NSAIDs or
CD ileitis can be patchy/segmental and often extend
to the distal neo-terminal ileum (more than 10 cm
beyond the pouch inlet, Figure 5). On endoscopy,
cuffitis is characterized by inflammation of the rectal
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A

B

H

G

C

45 cm

Pouch outlet

Pouch outlet
transitional zone
dentate line

65 cm

F
E

25 cm

D

20 cm

D
Pouch body

Pouch inlet

Pouch
C

A, B

E

F

Afferent loop
ulcerations
Afferent loop
stenosis

G

H

Ulcers

Proximal stenosis

Figure 5 Crohn’s ileo-pouchitis. Stenosis of the pouch outlet (A, B), normal appearing mucosa of the pouch (C), stenosis of the pouch inlet (D), stenosis of the
afferent limb at 25 cm (E), linear deep ulcerations in the ileum (F), proximal stenosis of the ileum at 65 cm (G) and ulcers more proximally (H).

cuff only, while the pouch should be normal or near[34]
normal, with minimal inflammation .
Histology, abdominal and pelvic imaging, stool
examination and cultures, and serology can also
contribute to the differential diagnosis, especially in
chronic antibiotic-refractory pouchitis. Infectious causes
can be excluded with stool culture and Clostridium
difficile toxin assay. Antibiotic sensitivity testing in stool
cultures can help identify effective antibiotics. The
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serology panel may include pANCA, celiac tests and
serum IgG4 levels.
Histology can help by characterizing the inflam
mation as acute or chronic, and by providing information
useful for the differential diagnosis. However, it is
important to recognize that there is a default “physiologic”
inflammation in the pouch mucosa that represents an
adaptive response of the ileal mucosa to the pouch
construction and the environment (fecal stasis). The
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histologic features of the “normal” pouch include
villous atrophy and crypt-cell hyperplasia, mild acute
and chronic inflammatory infiltration by neutrophils,
eosinophils, lymphocytes, plasma cells, and histiocytes,
and colonic metaplasia of the mucosa with increased
numbers of Paneth and goblet cells. True pouchitis is
associated with increased villous atrophy, acute and/or
chronic inflammatory infiltrates, crypt abscesses, and
[47]
ulceration .
Specific histological features often help with the
differential diagnosis. The presence of granulomas is
typically indicative of CD, while viral inclusion bodies
provide evidence for CMV infection, which can be
confirmed with immunostaining for CMV antigen or
tissue PCR for CMV, confirming the diagnosis of CMV
[26,48]
pouchitis
. Pyloric metaplasia is a sign of chronic
mucosal inflammation which can be associated
with chronic antibiotic-refractory pouchitis or CD
[49,50]
pouchitis
. Increased crypt apoptosis and lamina
propria infiltration with IgG4 (+) plasma cells are
[51,52]
observed in autoimmune-pouchitis
. In ischemic
pouchitis a characteristic feature on histology is the
presence of extracellular hemosiderin or hematoidin
pigment deposits, while the classic histologic features
[27]
of ischemic enteritis are not always present .
Abdominal imaging is a valuable tool for the
diagnosis and differential diagnosis of ileal pouch
disorders, particularly when CD is the cause. Computed
tomography (CT) enterography and magnetic
resonance imaging (MRI) enterography are useful for
the evaluation of the location, number, and degree
of strictures, the presence of abscesses, or, simply,
the presence of inflammation of the pouch and the
proximal small bowel. Contrast pelvic MRI or anorectal
ultrasound can be used for the evaluation of the
anatomy and abnormalities around the pouch body
and the anal transitional zone, such as fistulas, sinus
[53]
tracts, and abscesses .

can be initiated. Stool culture and testing for C. difficile
toxin should be obtained. In more chronic forms of
pouchitis, relapsing or refractory, along with endoscopy
and biopsies, the diagnostic evaluation should be
expanded to cover the diagnosis and differential
diagnoses of secondary or other causes of “pouchitis”
(Figure 6). Subsequently, the treatment will be tailored
to the specific diagnosis (Figure 7).

PREVENTION AND TREATMENT
Primary prophylaxis of a first episode of pouchitis

The prevention of pouchitis begins in the operative
room during surgical construction of the pouch. A
suitable-sized, not too long pouch, is less susceptible
[56]
to pouchitis . Excessive weight gain postoperatively
has been associated with an increased risk for worse
[57,58]
pouch outcomes, including pouchitis
. Moreover,
the increase in fruit consumption and intake of
antioxidants, vitamin A, and vitamin C may protect
[59]
from pouchitis . The use of probiotics, i.e., VSL#3,
has been shown to be beneficial in the primary
[60]
prevention of pouchitis . The administration of
Lactobacillus rhamnosus GG has also shown to be
[61]
effective in the primary prophylaxis . However, these
treatments are expensive and the long-term benefit or
[58]
safety is as yet unknown .

Treatment of acute idiopathic pouchitis

Patients with a first episode of acute pouchitis typically
respond rapidly to antibiotic therapy. Metronidazole,
ciprofloxacin, tinidazole, and rifaximin have all been used
[62]
in the treatment of acute pouchitis in clinical practice .
First-line therapy includes a 2-wk treatment with
metronidazole (15-20 mg/kg per day) or ciprofloxacin
(1 g/d). High-dose VSL#3 has been reported to be
[62,63]
effective for treating mild acute pouchitis
. It is
noteworthy that patients who experience pouchitis
symptoms immediately post-IPAA and do not
respond to the antibiotic therapy, surgery-associated
complications, such as pouch anastomotic leaks, should
[19]
be suspected .

MANAGEMENT
Antibiotics are the first-line treatment for idiopathic
pouchitis. In patients with IPAA and a first attack
of acute pouchitis, a course of empiric antibiotic
treatment with metronidazole or ciprofloxacin can be
justified, without the need of endoscopy and biopsy,
since the majority of these patients will have a rapid
favorable response. In approximately 40% of cases,
acute pouchitis will present as a single episode without
[54]
recurrence . However, in 60% of the patients,
acute pouchitis will follow a relapsing course after the
first episode, and 20%-30% of them will develop a
[54,55]
frequently relapsing form or refractory pouchitis
.
In general, when symptoms of pouchitis appear in
patients with IPAA, it is recommended, if possible, that
endoscopy with biopsies be performed to establish the
diagnosis, before initiating treatment. If endoscopy
must be delayed, empiric treatment with antibiotics

WJG|www.wjgnet.com

Secondary prophylaxis of subsequent episodes of
pouchitis

Relapse of pouchitis or recurrent pouchitis is common
(60%) after treatment and resolution of the initial
episode, and some of the patients will develop
treatment-refractory disease. Long-term administration
of the probiotic VSL#3 has been shown to be effective
in maintaining antibiotic-induced pouchitis remission
[62,64]
in 85% of treated patients in a 9-mo period
.
However, other studies have failed to confirm this
[65]
beneficial effect of VSL#3 . Rifaximin may be an
[66]
alternative maintenance treatment .

Treatment of chronic antibiotic-refractory pouchitis

Chronic antibiotic-refractory pouchitis may respond

8747

August 7, 2015|Volume 21|Issue 29|

Zezos P et al . The spectrum of pouchitis

Pouchitis symptoms
(idiopathic vs secondary)

Pouchoscopy and biopsies
Normal
irritable pouch syndrome?

Cuffitis

Diffuse pouchitis
+
neoterminal ileitis

Diffuse
pouchitis

Segmental pouchitis
+
strictures/fistulas

Asymmetric
pouchitis

Stool: cultures, C. difficile toxin
blood: liver enzymes, antinuclear antibody, IgG4, celiac serology
tissue: granulomas, apoptosis, CMV

Idiopathic
pouchitis

Infectious pouchitis

C. difficile

other pathogens
CMV

Autoimmune pouchitis
PSC-associated
IgG4-associated

Crohn’s
pouchitis

Ischemic
pouchitis

Appropriate treatment

Figure 6 Pouchitis diagnostic algorithm (adapted and modified from Shen[15]). C. difficile: Clostridium difficile.

effect both in an animal model and in treating active
[74]
pouchitis .
Autoimmune pouchitis, both PSC- and IgG4-asso
ciated, can be treated with corticosteroids (prednisone
or budesonide), immunomodulators (azathioprine,
6-mercaptopurine), or anti-TNF biologics (infliximab,
adalimumab, others). The same treatment options
apply for Crohn’s pouchitis together with endoscopic
or surgical interventions for fistulizing or stenosing
[75,76]
disease
. With a view to pouch preservation, ma
nagement should be relatively aggressive; unless
antibiotics are highly effective, immunomodulators and/
or biologics should be used, with the goal of mucosal
healing.
Cuffitis can be treated similarly to ulcerative pro
ctitis with topical 5-ASA or topical steroids; suppo
sitories should be sufficient. Cuffitis refractory to
topical treatment should raise the suspicion of other
conditions in the perianal and peri-pouch area.
Therefore, investigation with the appropriate additional
imaging studies is recommended to rule out surgical
complications or CD manifestations including fistulas,
[77]
sinus tracts or abscesses .
Finally, the treatment of irritable pouch syndrome
is empiric similar to the irritable bowel syndrome,
and therapies can include dietary modifications,
anti-diarrheals, antispasmodics, and tricyclic antide
pressants.

to longer courses of antibiotic combinations such
[67]
as ciprofloxacin and rifaximin , ciprofloxacin and
[68]
[69]
metronidazole
or ciprofloxacin and tinidazole . In
patients with antibiotic-resistant pouchitis, a thorough
investigation is recommended. Fecal cultures and
antibiotic sensitivity testing may be needed to choose
the appropriate effective antibiotics. Additionally, the
investigation should aim to identify and treat causes of
secondary pouchitis.
Despite the atypical endoscopic findings of C. difficile
infection in pouch patients, management choices should
reflect standard practices for the treatment of this
[70,71]
infection
. Finally, recent studies have suggested that
fecal microbiota transplantation might be an alternative
[72]
or adjunctive treatment for refractory CDI pouchitis .
CMV-pouchitis can be treated with oral or intravenous
[26]
anti-CMV agents (ganciclovir) . Management should
reflect current practice.
If NSAID-associated pouchitis is suspected, a
trial of discontinuation of NSAIDs is recommended,
and should result in prompt resolution. The safety
of selective COX-2 inhibitors in IPAA patients is still
unknown and if those suffering from arthralgias do not
respond to acetaminophen (paracetamol), they can be
[73]
tried on sulfasalazine .
Ischemic pouchitis may be treated with allopurinol.
Allopurinol is a scavenger of oxygen-derived free
radicals and previous studies have shown its beneficial
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Acute pouchitis

Antibiotic treatment: ciprofloxacin, metronidazole
Yes
Frequent
relapsing
course?

No
Antibiotic
responsive
pouchitis

No

Response

Antibiotic-resistant pouchitis

Yes
Antibiotic
depended
pouchitis

Bacterial

C. difficile

CMV

Antibiotic or
probiotic
maintenance

Repeat therapy
when necessary

Immune mediated

Pathogen induced

PSC
associated

5-ASA
budesonide
AZA/6MP
biologics

Ganciclovir

Vancomycin
fidaxomicin
fecal transplant

Stool culture
based treatment

IgG4
associated

Figure 7 Pouchitis treatment algorithm (adapted and modified from Shen et al[15]). C. difficile: Clostridium difficile.

construction, as well as potential pathogens involved in
pouchitis will contribute to understanding the IBD and
pouchitis pathogenesis. The pouch may be an ideal
environment to study the gut microbiota and the role
[79]
of dysbiosis in IBD pathogenesis .
[80]
Finally, in a recent study more than half of asym
ptomatic patients with IPAA had abnormal endoscopic
and/or histologic findings on surveillance pouchoscopy,
suggesting that even asymptomatic pouch patients
should have pouchoscopy at regular intervals in order
to diagnose and consider treating sub-clinical pouch
complications at an early stage.

FUTURE TRENDS AND RESEARCH
The pouch itself and pouchitis, both acute and chronic,
can serve as models to study IBD pathogenesis. Des
pite some differences, there are many similarities
between idiopathic pouchitis and ulcerative colitis.
Therefore, by studying the changes in the pouch
environment that might eventually lead to pouchitis
we can extract information that may help us to
understand the pathogenesis of UC, as it proceeds
from normal mucosa to chronic inflammation.
So far, there are no reliable animal models of
pouch/pouchitis. There are technical difficulties in
the creation of a pouch and translational difficulties
in interpreting the results into clinical practise due to
differences in the genetic background, the bacterial
flora and the gut inflammation between animals and
humans. On the other hand, in the human pouch
model these obstacles are lacking. Pouchitis can serve
as an excellent clinical model to study the pathogenetic
pathways of UC, CD and other conditions that affect
[78]
the bowel including C. difficile, CMV or NSAIDs .
Undoubtedly, the gut microbiome has an impor
tant role in both IBD in general and in pouchitis
pathogenesis. The development of new techniques
for identifying the luminal and mucosal bacterial
compositions in the gut before and after pouch
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CONCLUSION
Pouchitis represents a disease spectrum with diff
erences in pathogenesis, clinical manifestations,
course and treatment. It is therefore important for
the clinician to be aware of the various phenotypes
of pouchitis and to be familiar with the clinical,
endoscopic and histologic features of each one in order
to plan the appropriate management and apply the
suitable treatment. Pouchoscopy is the best way to
assess the patient with pouchitis symptoms in order
to reach the correct diagnosis, treat accordingly, and
follow the course. It is important to realize that one
third of chronic treatment-refractory pouchitis cases
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are related to secondary etiologies or triggering factors
that can be treated or modified, thus altering the
course of pouchitis and avoiding pouch failure.
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Abstract
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De novo neoplasms account for almost 30% of deaths

10 years after liver transplantation and are the most
common cause of mortality in patients surviving at
least 1 year after transplant. The risk of malignancy is
two to four times higher in transplant recipients than
in an age- and sex-matched population, and cancer
is expected to surpass cardiovascular complications
as the primary cause of death in transplanted pa
tients within the next 2 decades. Since exposure to
immunosuppression is associated with an increased
frequency of developing neoplasm, long-term immuno
suppression should be therefore minimized. Promising
results in the prevention of hepatocellular carcinoma
(HCC) recurrence have been reported with the use of
mTOR inhibitors including everolimus and sirolimus
and the ongoing open-label prospective randomized
controlled SILVER. Study will provide more information
on whether sirolimus-containing vs mTOR-inhibitorfree immunosuppression is more efficacious in reducing
HCC recurrence.
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Core tip: With the notable increase in life expectancy
after liver transplantation, together with the lengthy
exposure to immunosuppression, transplant recipients
are at risk of developing neoplastic disease, which
accounts for almost 30% of deaths 10 years after liver
transplantation. The risk of malignancy is two to four
times higher in transplant recipients than in an age-
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and sex-matched population, and cancer is expected
to surpass cardiovascular complications as the primary
cause of death in transplanted patients within the next
2 decades, making this an important topic for clinicians
to consider.

Table 1 Estimated standardized incidence ratios for de novo
malignancies after liver transplantation (data according
[7,9,15,46-48,61,72,174-182]
to
)
Cancer site/type
All cancers
Kaposi’s sarcoma
Skin (non melanoma)
PTLD
Gastrointestinal and
oropharyngeal sites
Lip/oropharyngeal/head and
neck cancers
Esophagus1
Colorectal overall
Colorectal in IBD/PSC
Stomach
Vulva
Lung
Renal
Thyroid
Prostate
Breast
Colorectal in non-IBD/PSC

Burra P, Rodriguez-Castro KI. Neoplastic disease after liver
transplantation: Focus on de novo neoplasms. World J Gastroenterol
2015; 21(29): 8753-8768 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i29/8753.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8753

INTRODUCTION
With excellent long-term survival rates, the causes
of morbidity and mortality of liver transplant (LT)
recipients are primarily cardiovascular diseases, renal
insufficiency, and de novo neoplasm, the latter of
which account for almost 30% of deaths at 10 years
post transplantation. Apart from hepatic causes,
neoplasm has been reported as the most common
cause of death in patients surviving at least 1 year
after LT, and is responsible for approximately 40% of
[1,2]
deaths . Overall, it is estimated that in LT recipients
the incidence of neoplasms is between 3.1% and
14.4%, and the cancer-related mortality rate is
[3,4]
between 0.6% and 8.0% .
Although the risk of some neoplasms including
breast cancer (1.9 times lower) and genitourinary
cancer (1.5 times lower) in women seem to be reduced
[5]
compared to those of the general population , in
general terms, the status of transplant recipient is
associated with an increased risk of developing de
novo neoplasm. As shown in a study analyzing 1000
consecutive LT recipients in Pittsburgh and comparing
this population’s incidence of neoplasms compared to
the general population, the former have a significantly
elevated risk for developing neoplasm, which is 7.6
times higher for oropharyngeal cancer and 1.7 times
higher for respiratory malignancies (Table 1).
Since a more prolonged exposure to immuno
suppression is associated with an increased frequency
of developing neoplasms, the cumulative risk of
developing de novo malignancy rises from 20% at
[6]
10 years to 55% at 15 years after transplant . In an
Italian study analyzing 313 LT recipients who survived
more than 12 mo after transplant, during a total followup time of 1753 person-years, de novo malignancies
were diagnosed in 40 (12.8%) subjects, with a median
time from transplantation to diagnosis of 54 mo (range,
[7]
2-159 mo) . Other studies have reported a slightly
lower mean interval between LT and diagnosis of non[5]
lymphoid malignancies (36.2 mo, range, 5.8-74.1) .
Not only are malignant neoplasms more frequent
in transplant recipients, but they also have a more
aggressive behavior, present at an earlier age
compared to the non-transplant population, and take

WJG|www.wjgnet.com

Estimated
incidence (%)

SIR

5-6
0.14-2.8
0.9-3.2
0.9-2.6

1.94-3
> 100
> 30
6-20

0.1-2.0

5-14

0.5-1.19
0.0-0.65
0.7-7.9
0.25
0.25
0.6-1.2
0.35
0.20
0.25-0.6
0.40
0.30

12-18.7
1.41
3-5
3
8-23.8
2-8
2-2.65
4.60
1 (risk not increased)
1 (risk not increased)
1 (risk not increased)

1

Although there are no population-based SIR estimates showing an
increased risk of esophageal cancer after LT, an Italian study reported an
SIR of 23.4 on the basis of cases ascertained by medical record reviews[178].
This association may be related to prior alcohol exposure; 2 of 3 patients
diagnosed with esophageal cancer in a US cohort underwent LT for ALD[1].
IBD: Inflammatory bowel disease; PSC: Primary sclerosing cholangitis;
PTLD: Posttransplant lymphoproliferative disease; SIR: Standardized
incidence ratio.
[8]

a higher toll on survival . Mortality after diagnosis of
de novo malignant neoplasms is particularly elevated,
with reported rates as high as 55% and a median
[7]
survival of 54 mo after diagnosis . Overall, estimated
survival rates for all types of de novo malignancies
are reportedly 70%, 56%, 48%, and 39% after 1,
3, 5, and 10 years, respectively. For certain types of
cancer, mortality is particularly high, reaching 100%
for lung cancer, 62.5% for esophageal and gastric
cancers, 57% for head and neck cancer, 50% for posttransplant lymphoproliferative disorder (PTLD), and
[7]
50% for Kaposi Sarcoma (KS) .

Types of de novo neoplasms
De novo malignancies are neoplasms that develop
after transplantation, including solid tumors such
as pancreatic cancer, lung cancer, colorectal cancer,
gastric cancer, esophageal cancer, renal cell carcinoma,
bladder cancer, thyroid cancer, oral cancer, brain
tumors and laryngeal cancer, as well as non-solid
tumors, primarily PTLD/non-Hodgkin Lymphoma (NHL)
and leukemia. According to a large German study
analyzing the frequency and distribution of de novo
[9]
neoplasms after LT , 1 de novo malignancy is to be
expected approximately every 120 person-years after
LT (120 de novo malignancies/14490 person-years).
It was also shown that cancer incidence rates for LT
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PTLDs

recipients are almost twice as high as those for an
age- and sex-matched general population. To quantify
the risk that the status of transplant recipient conveys,
cancer site-specific incidence rates in the transplant
population are compared against the general popu
lation, with standardized incidence ratios (SIRs).
Estimated SIRs for each malignancy, as well as the
reported incidence are shown in Table 1. PTLD is the
most frequent de novo malignancy after LT, accounting
[7]
for approximately 20% of cases . Other common
types of de novo malignant tumors include KS (17%),
head and neck cancer (17%), esophageal tumors
(12%), lung cancer (10%), gastric adenocarcinoma
(7%), melanoma (5%), colorectal cancer (5%),
cervical cancer (5%), and breast cancer (2%), as
[7]
shown in a study from Northern Italy .

PTLD encompasses a heterogeneous group of diseases
characterized by excessive proliferation of lymphoid
cells and it commonly results from de novo infection
[16,17]
or reactivation of latent Epstein-Barr virus (EBV)
,
especially in the case of EBV seronegative recipients
of organs from EBV seropositive donors. LT carries an
intermediate risk of PTLD, in contrast with intestinal
[18,19]
transplantation, which has the highest rates
.
[5,20-23]
An increased intensity of immunosuppression
and the use of certain types of immunosuppressive
agents, in particular T-cell depleting antibodies such
as Muromonab-CD3 (OKT3) or anti-thymocyte glo
bulin (ATG), cyclosporine, and belatacept (in renal
transplant recipients) constitute additional risk factors
[24-26]
for PTLD development
. In an Italian study, 15
cases of PTLD were described in 1011 solid organ
transplant recipients; in 13/15 patients, induction
immunosuppressive therapy with OKT3 was used,
and EBV was detected in 10 of 13 patients in whom
neoplastic tissue was available for analysis. Moreover,
in 2 of the 3 patients who were negative for EBV,
hepatitis C virus (HCV) was present, and positivity
for HCV was significantly more frequent in patients
who developed PTLD compared to those who did not,
suggesting a possible role of HCV in the development
[19]
of PTLD . Other studies have also shown a correlation
between the presence of HCV and the development of
[27-29]
PTLD
.
In the pediatric population, PTLD is the most
common tumor in solid organ recipients, with an
overall incidence rate of 5% to 15% in different series
or 298/100000 posttransplantation years of follow[30,31]
up
. Reported mortality is unfortunately very high,
of up to 60%, especially in infants who develop PTLD
as a result of primary EBV transmission from EBV[32-35]
positive allograft transplant
.
The most important risk factors for PTLD develop
ment in the pediatric population include high levels
of immunosuppression (especially associated with
[36]
tacrolimus-based regimens ), young age, time
from transplant (related to longer exposure time
to immunosuppression), EBV seronegativity before
transplant, and primary EBV transmission. Fukushima
and collaborators, in a recently published study on 32
infants younger than 2 years who had undergone livingdonor liver transplantation and were on tacrolimusbased immunosuppression, found that deteriorated
tacrolimus metabolism (with elevated plasmatic levels)
accompanied by an increase in Epstein-Barr viral load
[36]
was more frequently associated with PTLD . In a
recently published paper by the Studies of Pediatric
[37]
Transplantation Research Group analyzing a large
multicenter cohort of pediatric patients who underwent
LT, transplants performed in the era 1995-2001 (vs
those performed between 2002 and 2007), recipient
EBV status, and frequent rejection episodes were
associated with symptomatic EBV infection and

Skin cancer

In a series of LT recipients with nonlymphoid de novo
malignancies, skin cancer was reportedly the most
common type of malignancy (22/57 patients with de
novo cancer, representing 33.3%), including squamous
cell carcinomas in 50%, basal cell carcinomas in
40.9%, and melanomas in 9.1%. Neoplasms were
most frequent on the skin of the head, face, and neck
(in 14 subjects), but there were also several cases of
multiple site involvement, and the mean time to onset
[5]
was 36.4 mo (range, 8.2-75.1 mo) . Another study
demonstrated that the prevalence of pre-malignant
and neoplastic cutaneous lesions increased with time,
with a frequency of premalignant lesions of 5% at
2-3 years, 12% at 3-5 years, 28% beyond 5 years,
and frequency of malignant lesions of 0% at 2-3
years, 9% at 3-5 years, and 12% beyond 5 years of
follow-up after transplantation. Furthermore, in that
same study, the cumulative incidence of cutaneous
lesions was significantly higher in patients treated with
[10]
cyclosporine compared to recipients on tacrolimus .
One-year survival after diagnosis of skin cancer in LT
[5]
recipients is reportedly 90.9% . Several factors have
been identified as being considered high risk for deve
loping skin cancer, including increased age, increased
intensity and longer duration of immunosuppressive
therapy, infection with human papillomavirus, history
of increased ultraviolet exposure, easily burned skin,
history of actinic keratosis, CD4 lymphocytopenia,
[11,12]
and blue or hazel eyes
. Primary sclerosing cho
[13]
langitis
as well as alcohol-related liver disease as
indications for LT are associated with a higher risk of
skin malignancies compared to other etiologies of liver
[14,15]
disease
. Other risk factors for the development of
skin malignancy after LT include male sex, age over
55 years, Caucasian background, and monoclonal
[11]
antibody induction therapy , while the use of poly
clonal or interleukin (IL)-2 receptor antibody induction
therapy, treatment for rejection, and non-cholestatic
etiologies of liver disease as indications for LT, seem
not to be associated with an increased risk.
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PTLD. The subgroup at a highest risk is constituted
by younger infants with multiple rejection episodes.
Importantly, the incidence of both symptomatic
EBV infection and PTLD are seemingly decreasing in
pediatric LT recipients, concomitantly with a reduction in
[37]
immunosuppression .
[38]
In a recent study, Khedmat and Taheri
reviewed
250 cases of PTLD after liver transplantation published
in the literature, of whom 212 were pediatric cases (18
years of age or less). PTLD was diagnosed at a mean
age of 9.9 years and the mean ± SD interval between
LT and diagnosis of PTLD was 28.7 mo (35.1 mo).
Organs/areas involved included: orbit, skin, stomach,
genitalia, central nervous system, spleen, kidneys,
respiratory system, liver, bone marrow, small intestine,
and colon; in comparison with their adult counterparts,
histopathological features of PTLD were significantly of
more benign types.
Analogous to management strategies in adults,
a sequential approach is employed, starting with
reduction or complete withdrawal of immunosup
pression, initiation of inferferon-alpha, various
chemotherapic regimens, surgery, and radiotherapy,
escalating strategies if the previous alternative proves
[39]
inefficacious . Moreover, long-term withdrawal of
immunosuppression has been shown to be feasible
[40]
without graft rejection . The use of the anti-Bcell monoclonal antibody rituximab has brought
about improved results, and more recently, Gupta
and collaborators reported on satisfactory outcomes
employing a dual combination of rituximab and reduced
dose chemotherapy, with two-year failure-free survival
[39]
of 57% in liver transplant recipients .

LT recipients is increased compared to the general
population, and reportedly accounted for 15.7% of
nonlymphoid neoplasms in a series of LT recipients, in
whom it was diagnosed, on average, 48.5 mo (range,
11.2 to 64.3 mo) after LT, and a one-year survival
[5]
of 37.5% . In large case series of LT recipients, the
[5,46-48]
mean time to diagnosis ranges from 42 to 50 mo
.
Akin to the association between smoking observed in
the general population, this carcinogen is correlated
with an increased risk of lung cancer in transplant
[5,46]
recipients
. Although probably representing an
epidemiological association, as smokers are also
frequently heavy drinkers, a study showed that
patients with alcohol-related cirrhosis as an indication
for LT had higher rates of lung cancer than those who
[49]
underwent LT for other indications .
Head and neck cancers: Head and neck neoplasms
are more frequent in the LT population than in the
general population, and mean time to diagnosis is
[5,15,47,50,51]
reportedly between 34.3 mo and 61.2 mo
.
Oropharyngeal cancer is 25.5 times more frequent in
patients transplanted for alcohol-related cirrhosis vs
[52]
those transplanted for other indications . Moreover,
upper aerodigestive squamous carcinomas are more
frequent in patients with alcohol-related cirrhosis as
[53]
the main indication for LT . Moreover, another study
showed that whereas the incidence of oropharyngeal
cancer was 16.7% in patients who underwent LT for
alcohol-related liver disease, none of the patients
who underwent LT for indications other than alcoholrelated cirrhosis developed oropharyngeal malignant
[50]
neoplasms (P = 0.001) . Notably, there was not one
case of oropharyngeal cancer in a small, single-center
study involving patients without a history of smoking or
[54]
alcohol use . Likewise, tongue cancer and laryngeal
[5,46]
cancer have been reported in smokers
, and the
carcinogenic effects of tobacco observed in the general
population also applies for transplant recipients. It is
difficult to establish the weight of alcohol compared to
tobacco use as contributing risk factors for head and
neck neoplasms, as alcohol is known to potentiate
[55]
the carcinogenic effects of smoking , and also since
patients who are heavy smokers also tend to be heavy
[56]
drinkers .

Kaposi’s sarcoma

KS is a multifocal angioproliferative mucocutaneous
neoplasm driven by HHV-8 infection and represents
approximately 4% of all post-transplant tumors. The
risk of developing this neoplasm is increased 500-fold
in solid organ transplant recipients compared with
[41,42]
the general population
. In a large study on 2705
recipients of solid organs, amongst whom 159 LT
recipients, KS was diagnosed in 1.44% of all transplant
[43]
recipients, including 12.8% of LT recipients .
Contrary to most other neoplasms, the incidence of
KS seems to decrease significantly with time after
[44]
solid organ transplantation . In the presence of
infection with HHV-8, the most important risk factor
for the development of this neoplasm is the intensity
of immunosuppression, and its therapy is based on
immunosuppression tapering, as well as the use
of chemotherapeutic agents. Moreover, evidence is
mounting on the usefulness of mTOR inhibitors in
treating this tumor while at the same time providing
[45]
effective immunosuppression .

Esophageal and gastric cancer: Although their
incidence is increased with respect to the general
[57]
population , gastric and esophageal cancers are
[58]
reported infrequently in most series of LT recipients .
As well as for several other types of cancer, notably
those of the oropharynx/larynx, alcohol is a wellestablished risk factor for esophageal malignant
[59]
neoplasms , and this neoplasm occurs at a higher
rate after LT in patients with alcohol-related liver
[15,27,60]
disease
. In an Italian study on 313 LT recipients
followed during a 15-year period, of 40 patients with
de novo malignancy, esophageal cancer was diagnosed

Solid tumors

Lung cancer: The incidence of lung cancer among
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in 12%, with a mortality (combined for esophageal
and gastric cancer of 62.5%) being second only to that
[7]
of lung cancer . A German study analyzing 1,926 LT
recipients found that 9 patients (0.5%) developed a
de novo esophageal cancer and 1 patient developed
cancer of the cardia (0.05%), diagnosed on average
51 mo after LT. The histological type of tumor was
squamous cell carcinoma in 7/10 and adenocarcinoma
in 3/10. Of note, 9/10 patients had undergone LT due
[61]
to alcohol-related cirrhosis . A predisposing lesion,
Barrett’s esophagus, has been demonstrated to rapidly
evolve into adenocarcinoma after LT, which is why
surveillance endoscopy with aggressive endoscopic
treatment of Barrett’s mucosa is paramount in these
[62-66]
patients to prevent death from cancer
. In a Korean
study of 6491 patients who underwent solid organ
transplantation, 30 patients (0.46%) with 31 lesions
[67]
were diagnosed with gastric cancer . In another
series, 36 cases of gastric cancer were identified
among 7000 transplant-related malignant neoplasms,
[68]
and 3 of the 34 were observed in LT recipients .
Moreover, another study reported 3 cases of gastric
cancer amongst 329 cases of malignant neoplasms in
[69]
LT recipients .

with LT for primary sclerosing cholangitis, probably
[70-72]
due to the association with ulcerative colitis
. More
frequently diagnosed between 16 and 50 mo after
transplant, colorectal cancer in transplant recipients
tends to be detected at an earlier age and has been
associated with a worse prognosis compared to the
[73,74]
general population
.
De novo hepatocellular carcinoma: A search
[75]
performed by Trevisani et al
identified 14 cases
of de novo hepatocellular carcinoma (HCC) which
have been reported in the literature. Although until
now a relatively rare occurrence, truly de novo
HCC, that is, neoplasms arising from the liver graft
and not recurrences of recipient HCC, might be
seen more often in the future, due to the increased
use of extended criteria grafts, especially those
from older donors, donors carrying HCV or HBV
[76,77]
infection, or alcoholic liver disease
. One of the
principal risk factors for de novo HCC is recurrence
of liver disease in the allograft, and especially the
[75]
development of cirrhosis , and reported cases have
been diagnosed on average 2 years after LT. As for
non-transplant recipients, post transplant exposure
to hepatocarcinogens like aflatoxin B1, nitrosamine,
aromatic amines, vinyl chloride, azo-dyes, pesticides,
arsenic, organic solvents, and cigarette smoking, can
theoretically trigger the development of HCC, although
no case has yet been reported in association with any
of these factors. Immunosuppression regimens used
in the 14 reported cases include OKT3, azathioprine,
cyclosporine, corticosteroids, mycophenolate mofetil,
[78-82]
basiliximab, and tacrolimus
.
Prognosis seems dismal according to reported cases,
despite tapering of immunosuppression, transarterial
chemoembolization, radiofrequency ablation, hepatic
resection, or retransplantation. Strategies for pre
venting this neoplasm include avoidance of recurrent
graft damage as well as a judicious immunosuppression
[75]
after LT . While HCC recurrence is considered a
contraindication for retransplantation, this therapeutic
option could be contemplated in the setting of de novo
HCC and has been reported in a case with development
of this de novo malignancy 14 years after primary
[82]
LT .

Genitourinary cancer: Although the incidence of
prostate cancer does not seem to be increased in LT
recipients, all other genitourinary cancers (including
bladder and renal cancer) seem to be higher than
[5,15,27,46,47]
that of the general population
. Mean time to
diagnosis of non-prostate genitourinary cancer ranges
from 20 to 55.3 mo, while in cases of prostate cancer
the diagnosis is often performed between 5.8 and 18.4
[5,15,47,48]
mo after LT
. In LT recipients, prostate cancer is
more often diagnosed at earlier stages and has a good
prognosis, whereas renal and bladder cancers have a
[5]
poor prognosis .
Gynecological cancer: Although it seems that
breast cancer is no more frequent in LT compared to
[3]
the general population , non-breast gynecological
cancers (cervical and ovarian) are more frequent in LT
[15,46,47]
recipients than in the general population
. It has
been hypothesized that rigorous screening before LT
has contributed to a tendency, albeit not statistically
significant, for a lower incidence of breast cancer in LT
[5]
recipients . However, other studies have documented
that breast cancer incidence is in fact elevated in the
transplant population, with the advantage, however,
that early detection is more common, and this has also
resulted in decreased mortality compared to that of
[46]
the general population upon similar diagnoses .

Risk factors for the development
of de novo malignancies
In a study analyzing risk factors for the development
of solid neoplasms after LT, multivariate analyisis
demonstrated that primary sclerosing cholangitis (HR
= 2.62, 95%CI: 1.50-4.56), alcohol-related cirrhosis
(HR = 2.14, 95%CI: 1.22-3.73), smoking (HR = 1.72,
95%CI: 1.06-2.79), and increasing age in decades
(HR = 1.33, 95%CI: 1.05-1.66) were all significantly
[1]
associated with de novo neoplasms . A summary of
the most important risk factors is provided in Table 2.

Colorectal cancer: The incidence of colorectal cancer
seems to be higher in the LT recipient population vs
[46,47]
the general population
, although most of this
difference in incidence, if not all, can be accounted for
by the increased risk of colorectal cancer associated

WJG|www.wjgnet.com

8757

August 7, 2015|Volume 21|Issue 29|

Burra P et al . Malignant neoplasms after liver transplant
with a neoplasm. It is important, however, to quantify
the risk, based on the type of neoplasm. Thus, an organ
from a donor with basal cell carcinoma is considered
to be associated with a minimal risk (< 0.01%) of
transmission and may be used as a graft, whereas at
the other end of the spectrum, the history or presence
of melanoma, lung cancer, or active breast cancer >
stage 0 are considered at high risk of transmission
[92]
(> 10%) and their use is discouraged . Allegedly,
organs from donors with central nervous system
malignancies may be safely transplanted; in a study
analyzing 62 recipients of organs from donors with a
history of or active central nervous system neoplasm,
8 transmissions were identified, occurring 2-15 mo
after transplant, with seven patients dying as the
result of metastatic disease. The presence of one or
more risk factors, identified as: high-grade tumors,
ventriculoperitoneal or ventriculoatrial shungs, prior
craniotomy and systemic chemiotherapy, entailed a risk
of 53% of tumor transmission, whereas the rate was
significantly lower (7%, P < 0.01) if no risk factor was
[93]
present . However, a more recent and larger study
performed in the United Kingdom concluded that organs
from donors who died as a consequence of primary
intracranial malignancy, including those with high-grade
tumors, should be considered for transplantation due
to the small risk of tumor transmission. Identification
of 448 recipients of 495 organs from 177 donors with
primary intracranial malignancy, including 33 with
high-grade malignancy (9 medulloblastomas and 24
grade Ⅳ gliomas amongst 179 donors) demonstrated
[94]
not one single case of tumor transmission . As in all
medical interventions, a risk-benefit evaluation must
be performed, the patient should be informed of the
possibility of receiving one such organ, and this must
be weighed against the risk of dying on the waiting list,
which is much higher.
The recommendations for screening in the donor
so as to reduce the risk of undiagnosed neoplasm
and subsequent transmission to the recipient include
execution of complete medical history specifically
inquiring on previous diagnosis of malignancy,
radiological imaging, complete physical examination
to rule out possible skin cancer, laboratory analysis for
the detection of tumor markers, pathology examination
of extracted organs, and in cases of unexplained
intracranial hemorrhage and in women with menstrual
[95,96]
disorders, underlying neoplasms must be excluded
.

Table 2 Risk factors for the development of de novo ma
lignancies according to tumor location/type (data according
[5,14-17,20-22,25,26,46,48,50,53,54,61,62,64,75,130,181,183,184]
to
)
Tumor location/type
Skin

KS
PTLD

Lung cancer
Head and neck cancers
Esophageal and gastric
cancers
Colorectal cancer
De novo HCC
Gynecologic cancers
Genitourinary cancers

Risk factor
Age > 40 yr
Male gender
Skin type
Sun exposure
Smoking
Alcoholic cirrhosis
Primary sclerosing cholangitis as indication
for LT
Cyclosporine-based immunosuppression
Increased intensity of immunosuppression
Infection with HHV-8
Age > 50 yr
Infection with EBV (especially seronegative
recipients of organs from EBV seropositive
donors)
Increased intensity of immunosuppression
OKT3 or anti-thymocyte globulin
Cyclosporine-based immunosuppression
Hepatitis C virus
Cigarette smoking
LT for alcohol-related liver disease
Cigarette smoking
LT for alcohol-related liver disease
LT for alcohol-related liver disease
Barrett’s Esophagus
Primary sclerosing cholangitis
Inflammatory bowel disease
Recurrence of liver disease in the allograft
Insufficient evidence
Insufficient evidence

EBV: Epstein-Barr virus; HCC: Hepatocellular carcinoma; HHV-8: Human
herpesvirus 8; KS: Kaposi’s sarcoma; LT: Liver transplantation; PTLD:
Post-transplant lymphoproliferative disorder.

Donor-transmitted malignancies
The role of immunosuppression in reactivating dormant
neoplasms is supported by the fact that transplant
recipients who have received organs from donors with
previously cured neoplasms may develop the donor’
[83,84]
s malignancy
. Reportedly, 0.5% to 3% of donors
have a history of malignancy, and transmission from
these donors to the recipients has been demonstrated
[85-89]
in 0.02%-6% of cases
, the risk being higher
in LT recipients as compared to recipients of other
[90,91]
organs
. According to the time elapsed from clinical
remission of the neoplasm in the donor to the moment
of donation, tumor site, and risk of transmission,
recommendations for specific tumor types have
been issued by the Malignancy Subcommittee of the
Disease Transmission Advisory Committee of the Organ
Procurement and Transplantation Network/United
Network for Organ Sharing (OPTN/UNOS). Organ
shortage, a low risk of transmission of malignancy to
the recipient, and the need for a life-saving transplant
in cases of urgent LT may drive the decision of using
organs from extended criteria donors, including donors
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IMMUNOSUPPRESSION
Immunosuppression plays a fundamental role in the
development of neoplasms, acting through several
different mechanisms including decreased immune
surveillance, increased susceptibility to infections,
induction of insulin resistance, and a direct carcinogenic
effect which has been described in the case of some
immunosuppressive agents. The association between
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[114-116]

alterations in the immune system and the development
of neoplasms is also reflected in the elevated incidence
of cancer in most medical conditions associated with
[97,98]
immunosuppression
and the fact that the length of
exposure and intensity of immunosuppression correlate
[99,100]
with the incidence of malignant neoplasms
.
Whereas in immunocompetent subjects there is
continuous ongoing surveillance that acts as tumor
suppressor, keeping in check possible accumulated cell
damage resulting in neoplasms, immunosuppression in
organ transplant recipients results in a lower threshold
for immunosurveillance, allowing neoplastic cells to
proliferate.
Moreover, chronic immunosuppression renders
transplant recipients more vulnerable to viral in
fections, some of which have oncogenic potential.
Although not all neoplasms are the result of viral
triggers, the ones that are tend to be those that show
the greatest rise in frequency amongst transplant
recipients including B-cell lymphoma and PTLD (EBV),
squamous cell skin carcinoma (HPV), Kaposi’s sarcoma
(HHV8), anogenital cancers (HPV), Merkel skin cancer
[97]
(polyomavirus), and HCC (HBV, HCV) . The viral
oncogenic potential may be enhanced by the action
of some immunosuppressants. Calcineurin inhibitors
in particular, can favor the expression of EBV growth
and virus-inducing factors including IL-1, IL-6, and
transforming growth factor (TGF-β), can promote EBV
replication, and can augment immunoresistance by
[101]
favoring the expression of anti-apoptotic genes .
Aside from these indirect effects, several immuno
suppressive drugs seem to have direct oncogenic
effects, either by provoking damage to DNA or through
other mechanisms not linked to immunosuppression.
Azathioprine, for instance, induces chromosomal
aberrations and increases skin cell sensitivity to
[97]
photodamage .

impact on patient and graft survival
, diabetes
being a recognized risk factor for neoplasms, playing
[117]
an important role especially in HCC
. Calcineurin
inhibitors, especially tacrolimus, have in fact been
shown to increase the risk of developing new-onset
diabetes mellitus after transplantation.
Other immunosuppressant agents: The use of
other immunosuppressant agents, including OKT3 and
ATG, has also been associated with an increased risk
for the development of neoplasms after solid organ
transplantation. Early PTLD has been shown to occur
shortly after administration of OKT3, with an average
of 7 mo from transplantation and/or administration to
[118]
diagnosis of PTLD . In other series, high total doses of
OKT3, especially in individuals in whom a second course
of therapy was administered, were associated with
[119,120]
a higher frequency of lymphomas
. In contrast,
a single-center study reporting on 1570 LT of whom
125 patients developed de novo tumors, did not show
any relationship between OKT3 and the development
of de novo neoplasms; the authors note that this is
consistent with the concept that chronic maintenance
immunosuppression is more important than short albeit
intense periods of immunosuppression (treated with
[47]
OKT3) . A recently published Cochrane Database
Systematic Review evaluated the benefits and harms
of immunosuppressive T-cell specific antibody induction
compared with placebo, no induction, or another type
of T-cell specific antibody induction for prevention of
acute rejection in LT recipients, and included studies
using T-cell specific antibodies polyclonal antibodies
[rabbit of horse antithymocyte globulin (ATG), or
antilymphocyte globulin (ALG)], monoclonal antibodies
(OKT3, anti-CD2, or alemtuzumab), and IL-2 receptor
antagonists (daclizumab, basiliximab, BT563, or
Lo-Tact-1). The authors concluded that there were
no statistically significant differences in terms of
[121]
malignancy .

Calcineurin inhibitors: There is evidence of direct prooncogenic activity in the case of calcineurin inhibitors,
which induce tumorigenesis and tumor growth by
[102]
inducing cancer cell invasiveness
, hampering DNA
[103,104]
[103]
repair mechanisms
and apoptosis
, inducing
tumor angiogenesis via the stimulation of vascular
[105]
endothelial growth factor (VEGF)
, and promoting
the transcription and functional expression of the
TGF-β1 gene which results in tumor cell invasion and
[106]
metastatic potential
. In LT recipients, it has been
shown than exposure to elevated concentrations of
tacrolimus (> 20 ng/mL) in the weeks immediately
after transplantation increases long-term mortality due
to infections, cardiovascular events and development of
[107-110]
neoplasms
.
Furthermore, both calcineurin inhibitors and steroids
exert a diabetogenic effect, causing impaired insulin
[111-113]
secretion and inducing pancreatic beta cell apoptosis
.
As many as 5%-27% of LT recipients develop neo-onset
diabetes mellitus, and it is associated with a negative
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Mammalian target of rapamycin inhibitors:
Mammalian target of rapamycin (mTOR) is a
serine/threonine protein kinase downstream of the
phophoinositide-3-kinase-related kinase family, which
plays a fundamental role as regulator of various
oncogenic processes including cell growth, proliferation,
[122]
metabolism, and angiogenesis . The combination of
anti-tumoral as well as immunosuppressive properties
render this family of drugs very attractive in the posttransplantation setting. There is growing evidence
that the incidence of neoplastic disease is inferior
in patients with gradual reduction of CNI with the
introduction of mTOR inhibitors, vs those subjects
[123]
treated with standard-dose CNI . An anti-neoplastic
activity has been demonstrated for everolimus with
regard to various solid tumors, and a potential role in
HCC and cholangiocarcinoma are being increasingly
[105,124-127]
reported
.
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used in the management of neoplasms in transplant
[105,136,137]
recipients
. Since cyclosporine favors an invasive
and aggressive tumor cell behavior, the combination
with mTORi was hypothesized to be beneficial,
adequately avoiding rejection while also providing
malignancy control. This has been proven to be true,
with significantly better survival times with mTORi plus
cyclosporine treatment vs cyclosporine-only treatment
[138]
in mice injected with tumor cells
. In fact, mTORi
alone or mTORi plus cyclosporine impairs immunity and
promotes allograft survival in experimental models,
and the combination of sirolimus and everolimus with
cyclosporine is effective in clinical transplantation,
being approved by the Food and Drug Administration
[139]
(FDA) for use in transplant recipients
. Specifically,
everolimus is indicated for immunosuppression kidney
heart and liver transplantation, while sirolimus has
been approved for kidney transplantation. Malignancy
rates post-conversion to sirolimus-based, CNI-free,
immunosuppression regimen were significantly
lower with respect to the CNI-based immunosuppres
sion protocol in the RMR study and the CONVERT
[140,141]
trials
. Moreover, experience in renal transplant
recipients has demonstrated that the risk of de novo
malignancies is significantly lower in patients treated
with mTOR inhibitors (with or without CNIs) compared
[142]
to patients on CNI-based regimens
. Thus, one of
the recommended strategies in the management of
post-transplant neoplasms is the conversion from CNIs
to mTOR inhibitors or inclusion of mTOR inhibitors
[143-145]
in a CNI-based immunosuppressive regimen
.
Furthermore, in another study reporting on 10 LT
recipients who had developed de novo neoplasms after
LT, everolimus treatment significantly increased the
probability of survival from 14% (in a similar historical
cohort of patients not treated with everolimus) to
[146]
72% at 20 mo
. Moreover, in a recently published
retrospective study analyzing prognostic factors for
patients transplanted for alcohol-related cirrhosis
who developed non-cutaneous de novo solid organ
neoplasms, conversion to everolimus improved
prognosis, with one- and five-year survival rates of
77.4% and 35.2% in patients converted to everolimus
vs 47.2% and 19.4% in patients not treated with
[147]
everolimus, respectively (P = 0.003) .

Table 3 Intensive screening protocols for tumor surveillance
[128-130]
in liver transplant recipients (data according to
)
Traditional screening
Annual chest X-ray
Annual abdominal ultrasound
Chest and abdominal CT
Mammography and urologic
screening (with timing
according to standard of care)

Intensive screening
Annual chest and abdominal CT
Annual abdominal ultrasound
Annual urologic screening with PSA
determination
Annual Pap smear and mammography
(every 1-2 yr)
Annual skin examination
Colonoscopy 1 year after LT in patients
with adenoma on pre-LT colonoscopy,
and repeated every 2-4 yr if more
adenomas are found. Colonoscopy
repetition every 10 yr in patients
> 50-yr-old
Ears, nose and throat clinic visit in
patients with > 20 pack year smoking

CT: Computed tomography; PSA: Prostatic specific antigen; LT: Liver
transplant.

Prevention
As most neoplasms are favored by immunosup
pression, the long-term use of the lowest effective
dose of immunosuppression to avoid rejection are
recommended, as well as the avoidance of excessive
sun exposure, treatment of premalignant lesions
including warts and actinic keratoses, and avoidance
of exposure to confirmed carcinogenic substances
including those present in tobacco smoke.
Screening protocols are recommended in order
to detect malignancies in early states, increasing the
probability of opportune treatment and improving
[128,129]
prognosis
. Some recommended strategies
include monthly skin autoexam, annual dermatological
visit, annual Pap smear, mammography every 2
years, annual digital rectal exam and prostatespecific antigen determination, annual fecal occult
blood test, colonoscopy every 10 years, annual chest
X-ray, abdominal ultrasound, chest and abdominal
[130-135]
CT scan
. A summary of preventive measures is
provided in Table 3.
Management of neoplastic disease in LT reci
pients: In general terms, management of malignant
neoplasms in LT recipients is similar to that of the
immunocompetent patient in terms of surgery,
chemotherapy and radiotherapy, but, in contrast, one
of the main pillars of the approach to a neoplasm in
transplant recipients is represented by modification of
immunosuppression, especially in tumors which are
highly susceptible to immunosuppression, such as KS
and PTLD.
Owing to their strong anti-angiogenic effects which
result in inhibition of tumor growth, as well as their
direct action on cancer cells by the inhibition of their
dependence on the mTOR pathway for cell growth
and survival, mTOR inhibitors are increasingly being
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RECURRENCE OF NON-HEPATIC
NEOPLASMS
With the broadening of eligibility criteria for LT, older
patients are now being transplanted, increasing
the probability of patients with past medical history
of malignancy to be evaluated for LT, waitlisted,
and transplanted. The risk of neoplastic recurrence
upon commencement and maintenance of immuno
suppression and its derived mortality must be weighed
against the probability of survival without a transplant.
Recurrence of a preexistent neoplasm can occur after
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LT, and according to the risk of recurrence, neoplasms
can be classified as low recurrence risk (0%-10%)
as in the case of cervical carcinoma, endometrial
carcinoma, myeloproliferative disorders, and lym
phomas; intermediate recurrence rate (11%-25%) as
in the case of colorectal cancer, non-melanoma skin
cancer, and thyroid carcinoma; and neoplasms with
a high recurrence rate (> 26%) as in the case of oral
[148]
squamous carcinoma and breast cancer
. There
is consensus that the tumor type and stage of the
disease must be carefully evaluated, and according
to this, recommendations have been made regarding
the waiting time between achieving clinical “cure” or
[149-151]
[151]
disease control and LT
. According to American
[95]
and European
guidelines, proposed malignancyfree delay periods before transplantation vary from no
delay in cases of basal-cell skin cancers and incidental
renal cell carcinoma, to less than 2 years in cases of
small single focal neoplasms, low-grade bladder cancer,
excised squamous cell carcinoma, 2 years in cases
off testicular and thyroid neoplasms, to 2-5 years or
more for malignant melanomas, breast cancer, invasive
cervical cancer, and colorectal cancer. Nevertheless,
since many patients being evaluated for LT are too
sick to endure a long waiting period, provided that the
neoplasm is adequately controlled and the stage of the
neoplasm itself is not associated with a poor prognosis,
LT may be considered before completion of the waiting
[152]
period with informed consent of the candidate .

microvascular thrombosis, which correlates with lower
[122,161]
metastatic potential
. The antineoplastic effect of
mTOR inhibitors has also been shown in several clinical
[162]
studies
. There is growing evidence that mTOR
deregulation plays a significant role in hepatocellular
carcinogenesis, and pre-clinical data indicate that
deregulated expression of mTOR pathway effectors is
present in 40%-50% of HCCs, and activation of the
mTOR pathway is associated with less differentiated
neoplasms, earlier tumor recurrence, and worse
[163,164]
survival outcomes
. A recent meta-analysis
comparing CNIs against sirolimus demonstrated a
protective effect of the latter in terms of achieving a
[165]
lower incidence of HCC recurrence after LT
. This
protective effect was confirmed in a more recent
[166]
meta-analysis , which demonstrated that sirolimus,
compared with CNIs, was associated with lower
HCC recurrence (OR = 0.30, 95%CI: 0.16-0.55, P <
0.001), lower HCC recurrence-related mortality (OR
= 0.29, 95%CI: 0.12-0.70, P = 0.005), and lower
overall mortality (OR = 0.35, 95%CI: 0.20-0.61, P <
0.001). In addition, a recent systematic review showed
that patients on CNIs developed HCC recurrence
significantly more frequently compared with patients
on mTORi. In addition,patients on everolimus had
significantly lower HCC recurrence rates compared with
those on sirolimus or CNIs, although patients treated
with mTOR inhibitors tended to have less advanced
[167,168]
stages of HCC
.

HCC recurrence in LT recipients

CONCLUSION

In spite of the 5-year 60%-80% disease-free survival
rate after LT for HCC in cases with unresectable early
stages of the neoplasm, recurrence does occur in
3.5%-21% of cases, and is associated with a poor
[153]
prognosis
. Tumor-related established risk factors
for HCC recurrence after LT include high levels of
[154,155]
[156,157]
alpha-fetoprotein
, tumor grading
, tumor
[154,156-158]
[154,157,158]
stage
, and vascular invasion
, while im
munosuppression-related risk factors for HCC recurrence
[156]
are primarily the level of immunosuppression
,
mTOR- vs mTOR inhibitor-free immunosuppression
[154,159]
regimen
. Clinical studies have shown a CNIs
dose-dependent increase in the risk of developing HCC
[102]
recurrence . Elevated exposure to CNIs (mean trough
concentrations of tacrolimus > 10 ng/ml or cyclosporine
> 300 ng/ml) during the first postoperative period has
in fact been associated with an increased risk of HCC
[160]
recurrence
. Moreover, it has been observed that
high doses of cyclosporine are associated with a lower
recurrence-free survival in patients transplanted for
HCC. In fact, a study on 219 patients transplanted for
HCC undertaken in Milan revealed that elevated doses
of cyclosporine or tacrolimus during the first 30 d after
[127]
LT almost tripled the risk of HCC recurrence .
In contrast, mTOR inhibitors possess anti-angiogenic
and anti-proliferative properties acting though the
reduction of several growth factors and enhancing

Overall, the risk of malignancy is two to four times
higher in transplant recipients than in an age- and sexmatched population, and cancer is expected to surpass
cardiovascular complications as the primary cause
of death in transplanted patients within the next 2
[4,169]
decades
. De novo malignancy is a very significant
cause of mortality, particularly for long-term survivors,
and minimization of long-term immunosuppression
should be aimed at reducing the incidence of de novo
[1,170]
neoplasms
. Promising results in prevention of HCC
recurrence have been reported with the use of mTOR
[154,159,171]
inhibitors including everolimus and sirolimus
and the ongoing open-label prospective randomized
[172]
controlled SILVER Study
will provide more infor
mation on whether sirolimus-containing vs mTORinhibitor-free immunosuppression is more efficacious
in reducing HCC recurrence. The combined use of
sorafenib, a multikinase antiangiogenic inhibitor, and
an mTOR inhibitor has yielded positive results in
treating patients with HCC recurrence after LT, despite
[173]
notable associated toxity .
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Clinical applications of 5-aminolevulinic acid-mediated
fluorescence for gastric cancer
Tsutomu Namikawa, Tomoaki Yatabe, Keiji Inoue, Taro Shuin, Kazuhiro Hanazaki

Abstract

Tsutomu Namikawa, Kazuhiro Hanazaki, Department of
Surgery, Kochi Medical School, Nankoku, Kochi 783-8505,
Japan

5-aminolevulinic acid (ALA) is a naturally occurring
amino acid that is a protoporphyrin IX (PpIX) precursor
and a next-generation photosensitive substance. After
exogenous administration of ALA, PpIX specifically
accumulates in cancer cells owing to the impaired
metabolism of ALA to PpIX in mitochondria, which
results in a red fluorescence following irradiation
with blue light and the formation of singlet oxygen.
Fluorescence navigation by photodynamic diagnosis
(PDD) using ALA provides good visualization and
detection of gastric cancer lesions and is a potentially
valuable diagnostic tool for gastric cancer for evaluating
both the surgical resection margins and extension of
the lesion. Furthermore, PDD using ALA might be used
to detect peritoneal metastases during preoperative
staging laparoscopy, where it could provide useful
information for the selection of a therapeutic approach.
Another promising application for this modality is in the
evaluation of lymph node metastases. Photodynamic
therapy (PDT) using ALA to cause selective damage
based on the accumulation of a photosensitizer in
malignant tissue is expected to be a non-invasive
endoscopic treatment for superficial early gastric
cancer. ALA has the potential to be used not only as
a diagnostic agent but also as a therapeutic drug,
resulting in a new strategy for cancer diagnosis and
therapy. Here, we review the current use of PDD and
PDT in gastric cancer and evaluate its future potential
beyond conventional modalities combined with a light
energy upconverter, a light-emitting diode and nearinfrared rays as light sources.
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[12,13]

stomach
.
Recent advances in limited treatments, including
EMR, ESD and minimally invasive surgery, can improve
[11,14]
the quality of life for patients with EGC
. However,
sufficient resection margins are necessary to prevent
the reappearance of EGC, as inadequate resections that
do not maintain surgical margins free of cancer can
[10,11]
lead to disease recurrence
. Recently, fluorescence
imaging using photosensitive molecules such as ALA or
indocyanine green (ICG) has been developed, and it is
being applied as a navigating tool for various fields of
[15,16]
surgery
.

Core tip: 5-Aminolevulinic acid (ALA) is a naturally
occurring amino acid that is a protoporphyrin IX
precursor and a next-generation photosensitive
substance. Fluorescence navigation by photodynamic
diagnosis (PDD) using ALA is a potentially valuable
diagnostic tool for gastric cancer for evaluating both
the surgical resection margins and the extension of the
lesion. Furthermore, PDD using ALA might be useful
to detect peritoneal metastases during preoperative
staging laparoscopy and evaluation of lymph node
metastases. Photodynamic therapy using ALA to
cause selective damage based on the accumulation
of a photosensitizer in malignant tissue is expected
to become a non-invasive endoscopic treatment for
superficial early gastric cancer.

PRINCIPLE OF PHOTODYNAMIC
DIAGNOSIS
Exogenously administered ALA is incorporated by
cells and is used to synthesize a naturally fluorescent
substance, PpIX, which also exhibits photoactivity.
When PpIX is excited by irradiation of a specific
wavelength, mainly visible blue light of 375-475 nm,
it emits red fluorescence, and this property can be
harnessed to accurately identify cancer cells, which
accumulate PpIX. This so-called photodynamic dia
gnosis (PDD) is a relatively new modality that is based
on tumor-specific accumulation of 5-ALA-induced
[3,15,16]
PpIX
.
PDD imaging systems were recently improved to
enable detection of malignant lesions in the brain, lung
and esophagus based on systemic administration of
[15]
the photosensitive substance Photofrin . However,
Photofrin has considerable adverse effects, such
as strong phototoxic skin reactions and increases
in serum aminotransaminase. Accordingly, ALA is
clinically recognized as an effective and safe substrate
for detecting various cancers owing to the low risk of
[3,15,17-19]
side effects
.
We have used an endoscopic PDD system (Karl
Storz, Tuttlingen, Germany) comprised of a CCU
Tricam SLII/3CCD CH Tricam-P PDD, D-Light C, and
HOPKINSII Straight Forward Telescope 30° (Karl
[5,15,16,20]
Storz)
. The D-Light C light source (300 W
xenon arc lamp, Karl Storz) is equipped with a bandpass filter designed to transmit blue light (excitation
wavelength, 375-445 nm), and the CCU Tricam
SLII/3CCD CHTricam-P PDD video camera system is
equipped with a long-pass filter designed to exclude
blue light for fluorescence imaging (fluorescence
emission wavelength, 600-740 nm). This PDD system
has the advantage that it can switch instantly between
the blue light mode for fluorescence imaging and the
white light mode for conventional observation. In our
studies, ALA is dissolved in 50 mL of a 5% glucose
solution, and 1.0 g of this solution is given orally 3-4
h before the intraoperative PDD observation. Patients
are shielded from direct sunlight for 24 h to avoid
phototoxicity. In our experience, no special precautions
have been necessary during ALA-PDD, such as liver

Namikawa T, Yatabe T, Inoue K, Shuin T, Hanazaki K. Clinical
applications of 5-aminolevulinic acid-mediated fluorescence for
gastric cancer. World J Gastroenterol 2015; 21(29): 8769-8775
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INTRODUCTION
5-Aminolevulinic acid (ALA) is a naturally occurring
amino acid derivative that acts as an endogenous
substrate and precursor to protoporphyrin IX (PpIX).
PpIX is a heme precursor in the biosynthetic pathway
that emits a strong red fluorescence upon excitation
[1,2]
with blue light . Since ALA is analogous to amino
acids, rapid absorption can be expected following
ingestion, followed by being immediately metabolized
to heme in normal cells. In various cancer cells,
exogenous administration of excessive amounts of
ALA increases the cellular level of PpIX, resulting in
a higher accumulation of PpIX in cancer cells than in
normal cells. However the mechanism of preferential
[3-5]
accumulation of PpIX remains unclear .
Gastric cancer remains one of the leading causes of
cancer-related deaths and is the third most common
[6]
cancer worldwide . Although surgery is the main
treatment for operable gastric cancer, most patients who
present with inoperable advanced or metastatic disease
require palliative treatment, including chemotherapy
or radiotherapy, in combination with novel moleculartargeted drugs that induce antibody-dependent cellular
[7-9]
cytotoxicity . Fortunately, early gastric cancer (EGC),
in which the cancer cells are confined to the gastric
mucosa or submucosa, regardless of lymph node
metastasis, has an excellent outcome with surgical
[10,11]
curative resection
. A less invasive therapy using
endoscopy, such as endoscopic mucosal resection
(EMR) or endoscopic submucosal dissection (ESD),
is considered a favorable treatment for EGC without
lymph node metastasis because it is able to resect a
target lesion en bloc with preservation of the entire
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Table 1 Previous clinical reports of 5-aminolevulinic acid-mediated fluorescence for gastric cancer
Study

Year

Number of
patients

Mayinger et al[22]
Kishi et al[20]

1999
2012

4
13

Murayama et al[21]

2012

13

Koizumi et al[23]

2013

14

Namikawa et al[16]

2014

21

Nakamura et al[24]

2014

5

Kishi et al[25]

2014

52

Clinical application

Results

Feasibility study of PDD during endoscopy
All malignant lesions exhibited fluorescence during PDD
Detection of peritoneal metastases
The tumor detection rate was higher in PDD than white light
(72% vs 39%)
Detection of peritoneal metastases
The accuracy of the fluorescence imaging was greater than
that of white-light imaging
Detection of metastatic lymph nodes
The sensitivity, specificity, and accuracy of ALA-PDD were
70.8%, 96.7%, and 92.4%, respectively
Feasibility study of PDD during surgery
The sensitivity, specificity, and accuracy of ALA-PDD were
57.7%, 100%, and 66.7%, respectively
Evaluation of high-resolution magnifying
PDD and PDT were successfully and safely performed, and
videoendoscopy for PDD and PDT
CR was obtained in 71.4% of cases
Detection of peritoneal metastases
ALA-PDD detected peritoneal metastases in 21% of the
patients, while 46% of the patients had no evidence of
dissemination on white-light examination

ALA: 5-aminolevulinic acid; CR: Complete response; PDD: Photodynamic diagnosis; PDT: Photodynamic therapy.

support or light shielding, and no adverse events have
thus far been encountered.

of gastric cancer, such as determining the extent of
[33]
the cancer in cases with indistinct margins . In these
cases, ALA-PDD might provide useful information to
judge the margins that would be sufficient for resection
of the tumor.
Magnifying endoscopy is useful for determining
the extent of intramucosal spread of differentiated
EGC, and also provides more precise endoscopic
[34,35]
diagnoses
. In addition, ALA-PDD might be an
effective diagnostic procedure during endoscopic
therapies such as EMR or ESD, in addition to early
detection of gastric cancer. To detect any extension
[36]
of the cancer in these limited surgeries , new
endoscopic diagnostic procedures for EGC based
on magnifying endoscopes and image-enhanced
endoscopies, such as narrow-band imaging (NBI) and
flexible spectral imaging color enhancement (FICE),
[34,35,37]
have been developed
. In this regard, ALA-PDD
could provide additional information to that obtained
with these conventional endoscopic modes, and thus
might prove valuable for evaluating the extent of the
lesion.

PDD FOR GASTRIC CANCER
Several studies have used PDD using ALA (ALA-PDD)
for the diagnosis and treatment of gastric cancer,
including the application of this approach for staging
[16,20-22]
laparoscopy
. Table 1 summarizes previous
clinical reports of ALA-mediated fluorescence used
for gastric cancer, including both PDD and photodyna
[16,20-25]
mic therapy (PDT)
. Among these studies, we
recently examined the clinical usefulness of ALA-PDD
[16]
during surgery for gastric cancer . Our findings
indicate that there is a difference in the ALA-PDDpositive rate between intestinal- and diffuse-type
gastric cancers.
Oligopeptide transporters (PEPT), such as peptide
transporter 1 (PEPT1) and PEPT2, are involved
[26-29]
in the cellular uptake of ALA
. ALA-mediated
PpIX accumulation in tumors is associated with the
expression of particular proteins, such as PEPT1,
PEPT2, ferrochelatase, and ATP-binding cassette
[29-31]
[29]
transporter G2 (ABCG2)
. Hagiya et al
reported
that high expression of PEPT1 and low expression of
ABCG2 correlated with ALA-induced accumulation of
[30]
PpIX. Furthermore, Kobuchi et al reported that ALAinduced PpIX production and cellular photosensitivity
correlated negatively with the expression of the PpIX
transporter ABCG2 but not with that of PEPT1, PEPT2
or ferrochelatase in a cancer cell line. These differences
in the PpIX biosynthesis pathway might involve
diagnostic findings of different histological types of
[29,30,32]
gastric cancer
.
Regarding the future direction of ALA-PDD for
gastric cancer, it could be used as a tool for evaluating
surgical resection margins and thereby assist with
pathological diagnosis during surgery. Sometimes, a
situation is encountered in which decisions must be
made for proceeding during surgery for the treatment

WJG|www.wjgnet.com

NEW APPROACH FOR CANCER STAGING
Peritoneal metastasis from a primary gastric cancer
is the most frequent type of distant metastasis and
post-surgical recurrence in advanced gastric cancer
with serosa-invading tumors, and is an incurable
[38,39]
condition with poor prognosis
. Numerous attempts
with new approaches have been made for gastric
cancer staging, because accurate staging of gastric
cancer, and particularly the diagnosis of peritoneal
dissemination, is a prerequisite for determining the
[7,8,25,39]
most appropriate therapy
. Although staging
laparoscopy is used frequently in the management
of patients with advanced gastric cancer to prevent
[40,41]
unnecessary laparotomy
, it has limitations in
[42-45]
visualizing the dissemination of cancer nest
.
Staging laparoscopy with ALA-PDD is safe and
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A

B

Figure 1 Staging laparoscopy images using photodynamic diagnosis-5-aminolevulinic acid showing serosal invasion of gastric cancer. A whitish nodulated
surface was seen in the stomach (A), which was visualized by ALA-induced red fluorescence (B). ALA: 5-aminolevulinic acid.

invisible under white light were detected under ALAinduced fluorescence in 13 patients undergoing
staging laparoscopy. Furthermore, they correlated
the ALA-PDD results with those from peritoneal
fluid cytology and molecular diagnostic testing in 52
[26]
patients with advanced gastric cancer . Twenty-four
of the 52 patients (46%) had no macroscopic evidence
of peritoneal metastases on white light examination;
however, ALA-PDD detected dissemination in 5 of
these 24 patients (21%).
[21]
Murayama et al
assessed the diagnostic capa
bility of fluorescence laparoscopy in 13 patients with
advanced gastric cancer using ALA for peritoneal
dissemination, and for small superficial liver
metastases that are difficult to identify by computed
tomography scanning. Five of the 13 patients de
monstrated peritoneal metastases, and one patient
demonstrated superficial liver micrometastases by
fluorescence laparoscopy using ALA.
We have also carried out staging laparoscopy
using ALA-PDD in patients with serosa-invading
gastric cancer and confirmed good visualization of
peritoneal metastases (Figures 1-3). Thus, ALA-PDD
in combination with staging laparoscopy is a promising
procedure for improving the reliability of detection of
invisible metastases in advanced gastric cancer.
Lymph node metastases are one of the most
important prognostic factors in gastric cancer, and
precise diagnosis of these metastases is essential for
selecting the most appropriate therapeutic strategy.
[23]
Koizumi et al
examined the feasibility of using
ALA-PDD to detect metastatic foci in 144 excised
lymph nodes that were obtained from 14 gastric cancer
patients. In total, 121 lymph nodes were diagnosed
in agreement with the results of histopathological
examination, and the overall diagnostic accuracy
of gross fluorescence inspection without regard to
fluorescence patterns was 84%. The authors concluded
that ALA-PDD is a feasible and direct approach for
detecting metastatic lymph nodes in gastric cancer
patients using a simple apparatus. One difficulty with
ALA-PDD in this application is that fluorescence imaging

A

B

Figure 2 Peritoneal metastasis of gastric cancer comparing photodynamic
diagnosis-5-aminolevulinic acid with conventional methods during
staging laparoscopy. ALA-induced red fluorescence was seen in the white
nodule (B, arrow), which appeared as a non-specific nodule under white light (A).
ALA: 5-aminolevulinic acid.

improves the diagnostic accuracy for peritoneal
[20,21,25]
metastases in patients with gastric cancer
. Kishi
[20,25]
et al
examined the usefulness of ALA-PDD with
staging laparoscopy in patients with serosa-invading
advanced gastric cancer, comparing the detection
sensitivity with that obtained using conventional white
light. They demonstrated that the tumor detection
rate of 72% using ALA-induced fluorescence was
significantly higher than that achieved using white light
(39%) in a mouse model of peritoneal metastases,
which involved 8 mice with 729 peritoneal nodes.
In addition, three metastatic lesions that were

WJG|www.wjgnet.com

8772

August 7, 2015|Volume 21|Issue 29|

Namikawa T et al . 5-Aminolevulinic acid for gastric cancer

A

B

Figure 3 Peritoneal metastasis of gastric cancer detected by photodynamic diagnosis using 5-aminolevulinic acid. ALA-induced red fluorescence was seen
in the omentum (B, arrow), which was not detected under white light (A). ALA: 5-aminolevulinic acid.

is only obtained from the outside of the lymph nodes,
because human lymph nodes are surrounded by
abundant connective tissues, causing a lower depth
of penetration of blue light into the tissues. If deep
observations were possible, diagnosis of lymph node
metastasis would be possible in the full surgical field in
situ, and thus it could be possible to select individual
[21]
lymph nodes for extraction . To resolve these issues,
further investigations are needed.

red at a peak wavelength of 635 nm. The violet and
green LEDs had the same anticancer effects, which
[50]
were significantly greater than those of the red LED .
Thus, violet light has a greater cytotoxic effect, while
red and infrared light penetrate deeper within biological
[51]
tissues for in vivo clinical applications .
The near-infrared (NIR) window, composed of
wavelengths between 700 and 1000 nm, provides the
greatest depth of penetration in biological tissues, while
blue or red lights yield low tissue penetrability and
therefore are limited to surface cancer applications.
[51]
To this end, Shimoyama et al
demonstrated a
potentially novel PDT in a human gastric cancer cell
line using NIR-irradiated lanthanide nanoparticles
(LNP), which are excited by NIR-emitting visible light
and administered using ALA. In addition to the tissue
penetrability advantage, these early studies indicated
possible additional advantages of LNP-sensitizer
conjugates in reducing the background fluorescence,
photobleaching, and photoblinking properties that are
[51,54]
generally associated with such techniques
.

PHOTODYNAMIC THERAPY FOR
GASTRIC CANCER
ALA has been used successfully, not only to diagnose,
[44,45]
but also to treat various tumors
. PDT is defined as
the use of photodynamic agents that are biochemically
activated by light, to cause tissue damage in the
[46]
treatment of disease . During PDT, emission of
the excitation light, which falls within the absorption
wavelengths of PpIX, results in the generation of
reactive oxygen species (ROS) that induce apoptosis
[47-49]
within the irradiated cells
. One advantage of
ALA-PDT is that the lack of PpIX in normal cells po
tentially allows for a tumor-specific PDT with minimal
adverse effects, and because tissue penetration by the
excitation light is limited, the cytotoxic effects of PDT
[50]
are also limited to the superficial tissue . Therefore,
ALA-PDT is expected to become an important non[50,51]
invasive endoscopic treatment for superficial EGC
.
[46]
Loh et al
demonstrated selective photosen
sitization of gastric mucosa with sparing of the other
tissue layers of the stomach with ALA-PDT using a
rat model. Although red light at a peak wavelength of
approximately 635 nm is often used as the excitation
[52,53]
[50]
light source in ALA-PDT
, Hino et al reported the
efficacy of a light-emitting diode (LED) as an irradiation
source for ALA-PDT in a mouse model of peritoneally
disseminated gastric cancer. They demonstrated
differences in anticancer effects, including ROS
generation and cytotoxic effects, among three LED
sources, which were violet at a peak wavelength of
410 nm, green at a peak wavelength of 525 nm, and
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CONCLUSION
ALA-PDD is a promising and safe diagnostic modality
for determining tumor extent and for detecting
metastatic lesions in gastric cancer. Furthermore,
PDT has potential advantages in terms of minimizing
the procedure invasiveness. Further investigations,
including a prospective randomized controlled trial, are
needed to verify the usefulness of the ALA-mediated
fluorescence technology for gastric cancer.

REFERENCES
1

2

8773

Kelty CJ, Brown NJ, Reed MW, Ackroyd R. The use of
5-aminolaevulinic acid as a photosensitiser in photodynamic
therapy and photodiagnosis. Photochem Photobiol Sci 2002; 1:
158-168 [PMID: 12659511]
Inoue K, Karashima T, Kamada M, Shuin T, Kurabayashi
A, Furihata M, Fujita H, Utsumi K, Sasaki J. Regulation of
5-aminolevulinic acid-mediated protoporphyrin IX accumulation
in human urothelial carcinomas. Pathobiology 2009; 76: 303-314
[PMID: 19955842 DOI: 10.1159/000245896]

August 7, 2015|Volume 21|Issue 29|

Namikawa T et al . 5-Aminolevulinic acid for gastric cancer
3

4

5

6
7

8

9

10
11

12

13
14

15

16

17

Loh CS, Vernon D, MacRobert AJ, Bedwell J, Bown SG,
Brown SB. Endogenous porphyrin distribution induced by
5-aminolaevulinic acid in the tissue layers of the gastrointestinal
tract. J Photochem Photobiol B 1993; 20: 47-54 [PMID: 8229468]
Krieg RC, Messmann H, Rauch J, Seeger S, Knuechel R.
Metabolic characterization of tumor cell-specific protoporphyrin
IX accumulation after exposure to 5-aminolevulinic acid in human
colonic cells. Photochem Photobiol 2002; 76: 518-525 [PMID:
12462647]
Hinnen P, de Rooij FW, van Velthuysen ML, Edixhoven A, van
Hillegersberg R, Tilanus HW, Wilson JH, Siersema PD. Biochemical
basis of 5-aminolaevulinic acid-induced protoporphyrin IX
accumulation: a study in patients with (pre)malignant lesions of the
oesophagus. Br J Cancer 1998; 78: 679-682 [PMID: 9744510]
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA
Cancer J Clin 2015; 65: 5-29 [PMID: 25559415 DOI: 10.3322/
caac.21254]
Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi
M, Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y,
Nagaie T, Takagi S, Yamamura Y, Yanaoka K, Orita H, Takeuchi
M. S-1 plus cisplatin versus S-1 alone for first-line treatment
of advanced gastric cancer (SPIRITS trial): a phase III trial.
Lancet Oncol 2008; 9: 215-221 [PMID: 18282805 DOI: 10.1016/
S1470-2045(08)70035-4]
Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T, Sawaki A,
Koizumi W, Saito H, Yamaguchi K, Takiuchi H, Nasu J, Ohtsu
A. Fluorouracil versus combination of irinotecan plus cisplatin
versus S-1 in metastatic gastric cancer: a randomised phase 3
study. Lancet Oncol 2009; 10: 1063-1069 [PMID: 19818685 DOI:
10.1016/S1470-2045(09)70259-1]
Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Rüschoff J, Kang YK. Trastuzumab
in combination with chemotherapy versus chemotherapy alone for
treatment of HER2-positive advanced gastric or gastro-oesophageal
junction cancer (ToGA): a phase 3, open-label, randomised
controlled trial. Lancet 2010; 376: 687-697 [PMID: 20728210
DOI: 10.1016/S0140-6736(10)61121-X]
Sano T, Sasako M, Kinoshita T, Maruyama K. Recurrence of
early gastric cancer. Follow-up of 1475 patients and review of the
Japanese literature. Cancer 1993; 72: 3174-3178 [PMID: 8242540]
Okabayashi T, Kobayashi M, Nishimori I, Sugimoto T, Namikawa
T, Onishi S, Hanazaki K. Clinicopathological features and medical
management of early gastric cancer. Am J Surg 2008; 195: 229-232
[PMID: 18083138]
Ono H, Kondo H, Gotoda T, Shirao K, Yamaguchi H, Saito D,
Hosokawa K, Shimoda T, Yoshida S. Endoscopic mucosal resection
for treatment of early gastric cancer. Gut 2001; 48: 225-229 [PMID:
11156645]
Gotoda T. Endoscopic resection of early gastric cancer. Gastric
Cancer 2007; 10: 1-11 [PMID: 17334711]
Namikawa T, Hiki N, Kinami S, Okabe H, Urushihara T,
Kawahira H, Fukushima N, Kodera Y, Yumiba T, Oshio A, Nakada
K. Factors that minimize postgastrectomy symptoms following
pylorus-preserving gastrectomy: assessment using a newly
developed scale (PGSAS-45). Gastric Cancer 2015; 18: 397-406
[PMID: 24760336 DOI: 10.1007/s10120-014-0366-y]
Inoue K, Fukuhara H, Shimamoto T, Kamada M, Iiyama
T, Miyamura M, Kurabayashi A, Furihata M, Tanimura M,
Watanabe H, Shuin T. Comparison between intravesical and oral
administration of 5-aminolevulinic acid in the clinical benefit of
photodynamic diagnosis for nonmuscle invasive bladder cancer.
Cancer 2012; 118: 1062-1074 [PMID: 21773973]
Namikawa T, Inoue K, Uemura S, Shiga M, Maeda H, Kitagawa H,
Fukuhara H, Kobayashi M, Shuin T, Hanazaki K. Photodynamic
diagnosis using 5-aminolevulinic acid during gastrectomy for
gastric cancer. J Surg Oncol 2014; 109: 213-217 [PMID: 24214406
DOI: 10.1002/jso.23487]
Utsuki S, Miyoshi N, Oka H, Miyajima Y, Shimizu S, Suzuki
S, Fujii K. Fluorescence-guided resection of metastatic brain

WJG|www.wjgnet.com

18

19

20

21

22

23

24

25

26

27
28

29

30

31

8774

tumors using a 5-aminolevulinic acid-induced protoporphyrin IX:
pathological study. Brain Tumor Pathol 2007; 24: 53-55 [PMID:
18095131]
Fukuhara H, Inoue K, Satake H, Tamura K, Karashima T, Yamasaki
I, Tatsuo I, Kurabayashi A, Furihata M, Shuin T. Photodynamic
diagnosis of positive margin during radical prostatectomy: preliminary
experience with 5-aminolevulinic acid. Int J Urol 2011; 18: 585-591
[PMID: 21658132 DOI: 10.1111/j.1442-2042.2011.02789.x]
Mayinger B, Neidhardt S, Reh H, Martus P, Hahn EG.
Fluorescence induced with 5-aminolevulinic acid for the endoscopic
detection and follow-up of esophageal lesions. Gastrointest Endosc
2001; 54: 572-578 [PMID: 11677472]
Kishi K, Fujiwara Y, Yano M, Inoue M, Miyashiro I, Motoori M,
Shingai T, Gotoh K, Takahashi H, Noura S, Yamada T, Ohue M,
Ohigashi H, Ishikawa O. Staging laparoscopy using ALA-mediated
photodynamic diagnosis improves the detection of peritoneal
metastases in advanced gastric cancer. J Surg Oncol 2012; 106:
294-298 [PMID: 22389064 DOI: 10.1002/jso.23075]
Murayama Y, Ichikawa D, Koizumi N, Komatsu S, Shiozaki A,
Kuriu Y, Ikoma H, Kubota T, Nakanishi M, Harada Y, Fujiwara
H, Okamoto K, Ochiai T, Kokuba Y, Takamatsu T, Otsuji E.
Staging fluorescence laparoscopy for gastric cancer by using
5-aminolevulinic acid. Anticancer Res 2012; 32: 5421-5427 [PMID:
23225446]
Mayinger B, Reh H, Hochberger J, Hahn EG. Endoscopic pho
todynamic diagnosis: oral aminolevulinic acid is a marker of GI
cancer and dysplastic lesions. Gastrointest Endosc 1999; 50: 242-246
[PMID: 10425420]
Koizumi N, Harada Y, Murayama Y, Harada K, Beika M,
Yamaoka Y, Dai P, Komatsu S, Kubota T, Ichikawa D, Okamoto
K, Yanagisawa A, Otsuji E, Takamatsu T. Detection of metastatic
lymph nodes using 5-aminolevulinic acid in patients with gastric
cancer. Ann Surg Oncol 2013; 20: 3541-3548 [PMID: 23846777
DOI: 10.1245/s10434-013-3017-3]
Nakamura T, Oinuma T, Yamagishi H, Masuyama H, Terano A.
Evaluation of a novel high-resolution magnifying videoendoscope
that is capable of photodynamic diagnosis and therapy for gastric
cancer. Photodiagnosis Photodyn Ther 2015; 12: 115-122 [PMID:
25462577 DOI: 10.1016/j.pdpdt.2014.10.010]
Kishi K, Fujiwara Y, Yano M, Motoori M, Sugimura K, Ohue
M, Noura S, Marubashi S, Takahashi H, Sakon M. Diagnostic
laparoscopy with 5-aminolevulinic-acid-mediated photodynamic
diagnosis enhances the detection of peritoneal micrometastases
in advanced gastric cancer. Oncology 2014; 87: 257-265 [PMID:
25139224 DOI: 10.1159/000365356]
Rodriguez L, Batlle A, Di Venosa G, MacRobert AJ, Battah
S, Daniel H, Casas A. Study of the mechanisms of uptake
of 5-aminolevulinic acid derivatives by PEPT1 and PEPT2
transporters as a tool to improve photodynamic therapy of tumours.
Int J Biochem Cell Biol 2006; 38: 1530-1539 [PMID: 16632403]
Novotny A, Xiang J, Stummer W, Teuscher NS, Smith DE, Keep
RF. Mechanisms of 5-aminolevulinic acid uptake at the choroid
plexus. J Neurochem 2000; 75: 321-328 [PMID: 10854277]
Döring F, Walter J, Will J, Föcking M, Boll M, Amasheh S, Clauss
W, Daniel H. Delta-aminolevulinic acid transport by intestinal
and renal peptide transporters and its physiological and clinical
implications. J Clin Invest 1998; 101: 2761-2767 [PMID: 9637710]
Hagiya Y, Endo Y, Yonemura Y, Takahashi K, Ishizuka M, Abe
F, Tanaka T, Okura I, Nakajima M, Ishikawa T, Ogura S. Pivotal
roles of peptide transporter PEPT1 and ATP-binding cassette
(ABC) transporter ABCG2 in 5-aminolevulinic acid (ALA)-based
photocytotoxicity of gastric cancer cells in vitro. Photodiagnosis
Photodyn Ther 2012; 9: 204-214 [PMID: 22959800 DOI: 10.1016/
j.pdpdt.2011.12.004]
Kobuchi H, Moriya K, Ogino T, Fujita H, Inoue K, Shuin T,
Yasuda T, Utsumi K, Utsumi T. Mitochondrial localization of ABC
transporter ABCG2 and its function in 5-aminolevulinic acidmediated protoporphyrin IX accumulation. PLoS One 2012; 7:
e50082 [PMID: 23189181]
Robey RW, Steadman K, Polgar O, Bates SE. ABCG2-mediated

August 7, 2015|Volume 21|Issue 29|

Namikawa T et al . 5-Aminolevulinic acid for gastric cancer

32

33

34

35

36

37

38

39

40

41

42

transport of photosensitizers: potential impact on photodynamic
therapy. Cancer Biol Ther 2005; 4: 187-194 [PMID: 15684613]
Inoue K, Fukuhara H, Kurabayashi A, Furihata M, Tsuda M,
Nagakawa K, Fujita H, Utsumi K, Shuin T. Photodynamic therapy
involves an antiangiogenic mechanism and is enhanced by
ferrochelatase inhibitor in urothelial carcinoma. Cancer Sci 2013;
104: 765-772 [PMID: 23480042 DOI: 10.1111/cas.12147]
Namikawa T, Kobayashi M, Kitagawa H, Okabayashi T,
Dabanaka K, Okamoto K, Sugimoto T, Toi M, Hanazaki K. Early
gastric cancer with widespread duodenal invasion within the
mucosa. Dig Endosc 2010; 22: 223-227 [PMID: 20642614 DOI:
10.1111/j.1443-1661.2010.00982.x]
Nakayoshi T, Tajiri H, Matsuda K, Kaise M, Ikegami M, Sasaki
H. Magnifying endoscopy combined with narrow band imaging
system for early gastric cancer: correlation of vascular pattern with
histopathology (including video). Endoscopy 2004; 36: 1080-1084
[PMID: 15578298]
Yao K, Oishi T, Matsui T, Yao T, Iwashita A. Novel magnified
endoscopic findings of microvascular architecture in intramucosal
gastric cancer. Gastrointest Endosc 2002; 56: 279-284 [PMID:
12145613]
Abe N, Takeuchi H, Ooki A, Nagao G, Masaki T, Mori T,
Sugiyama M. Recent developments in gastric endoscopic
submucosal dissection: towards the era of endoscopic resection of
layers deeper than the submucosa. Dig Endosc 2013; 25 Suppl 1:
64-70 [PMID: 23368096 DOI: 10.1111/j.1443-1661.2012.01387.x]
Osawa H, Yoshizawa M, Yamamoto H, Kita H, Satoh K, Ohnishi
H, Nakano H, Wada M, Arashiro M, Tsukui M, Ido K, Sugano K.
Optimal band imaging system can facilitate detection of changes in
depressed-type early gastric cancer. Gastrointest Endosc 2008; 67:
226-234 [PMID: 18061596]
Nashimoto A, Akazawa K, Isobe Y, Miyashiro I, Katai H, Kodera
Y, Tsujitani S, Seto Y, Furukawa H, Oda I, Ono H, Tanabe S,
Kaminishi M. Gastric cancer treated in 2002 in Japan: 2009 annual
report of the JGCA nationwide registry. Gastric Cancer 2013; 16:
1-27 [PMID: 22729699 DOI: 10.1007/s10120-012-0163-4]
Yoon H, Lee DH. New approaches to gastric cancer staging:
beyond endoscopic ultrasound, computed tomography and
positron emission tomography. World J Gastroenterol 2014; 20:
13783-13790 [PMID: 25320516 DOI: 10.3748/wjg.v20.i38.13783]
Cardona K, Zhou Q, Gönen M, Shah MA, Strong VE, Brennan
MF, Coit DG. Role of repeat staging laparoscopy in locoregionally
advanced gastric or gastroesophageal cancer after neoadjuvant
therapy. Ann Surg Oncol 2013; 20: 548-554 [PMID: 22941159
DOI: 10.1245/s10434-012-2598-6]
Karanicolas PJ, Elkin EB, Jacks LM, Atoria CL, Strong VE,
Brennan MF, Coit DG. Staging laparoscopy in the management of
gastric cancer: a population-based analysis. J Am Coll Surg 2011;
213: 644-651, 651.e1 [PMID: 21872497 DOI: 10.1016/j.jamcollsu
rg.2011.07.018]
Muntean V, Mihailov A, Iancu C, Toganel R, Fabian O, Domsa I,
Muntean MV. Staging laparoscopy in gastric cancer. Accuracy and
impact on therapy. J Gastrointestin Liver Dis 2009; 18: 189-195

43

44

45

46

47
48
49

50

51

52

53

54

[PMID: 19565050]
Wong J, Coit D. Detection of gastric cancer peritoneal metastases
by peritoneal lavage: Current limitations and future perspectives.
Surgery 2012; 152: 1-4 [PMID: 22703894 DOI: 10.1016/
j.surg.2012.03.022]
Saito M, Yano K, Kamigaki T, Goto S. A patient with scirrhous
stomach cancer treated with combination of hyperthermotherapy
and 5-aminolevulinic acid (ALA). Anticancer Res 2013; 33:
2957-2963 [PMID: 23780986]
Ishizuka M, Abe F, Sano Y, Takahashi K, Inoue K, Nakajima M,
Kohda T, Komatsu N, Ogura S, Tanaka T. Novel development of
5-aminolevurinic acid (ALA) in cancer diagnoses and therapy. Int
Immunopharmacol 2011; 11: 358-365 [PMID: 21144919 DOI:
10.1016/j.intimp.2010.11.029]
Loh CS, Bedwell J, MacRobert AJ, Krasner N, Phillips D,
Bown SG. Photodynamic therapy of the normal rat stomach:
a comparative study between di-sulphonated aluminium
phthalocyanine and 5-aminolaevulinic acid. Br J Cancer 1992; 66:
452-462 [PMID: 1520582]
Dolmans DE, Fukumura D, Jain RK. Photodynamic therapy for
cancer. Nat Rev Cancer 2003; 3: 380-387 [PMID: 12724736]
Brown SB, Brown EA, Walker I. The present and future role of
photodynamic therapy in cancer treatment. Lancet Oncol 2004; 5:
497-508 [PMID: 15288239]
Ito H, Tamura M, Matsui H, Majima HJ, Indo HP, Hyodo
I. Reactive oxygen species involved cancer cellular specific
5-aminolevulinic acid uptake in gastric epithelial cells. J Clin
Biochem Nutr 2014; 54: 81-85 [PMID: 24688215 DOI: 10.3164/
jcbn.13-98]
Hino H, Murayama Y, Nakanishi M, Inoue K, Nakajima M, Otsuji
E. 5-Aminolevulinic acid-mediated photodynamic therapy using
light-emitting diodes of different wavelengths in a mouse model
of peritoneally disseminated gastric cancer. J Surg Res 2013; 185:
119-126 [PMID: 23746762 DOI: 10.1016/j.jss.2013.05.048]
Shimoyama A, Watase H, Liu Y, Ogura S, Hagiya Y, Takahashi
K, Inoue K, Tanaka T, Murayama Y, Otsuji E, Ohkubo A, Yuasa
H. Access to a novel near-infrared photodynamic therapy through
the combined use of 5-aminolevulinic acid and lanthanide
nanoparticles. Photodiagnosis Photodyn Ther 2013; 10: 607-614
[PMID: 24284118 DOI: 10.1016/j.pdpdt.2013.07.005]
Otake M, Nishiwaki M, Kobayashi Y, Baba S, Kohno E, Kawasaki
T, Fujise Y, Nakamura H. Selective accumulation of ALAinduced PpIX and photodynamic effect in chemically induced
hepatocellular carcinoma. Br J Cancer 2003; 89: 730-736 [PMID:
12915887]
Chen X, Zhao P, Chen F, Li L, Luo R. Effect and mechanism
of 5-aminolevulinic acid-mediated photodynamic therapy in
esophageal cancer. Lasers Med Sci 2011; 26: 69-78 [PMID:
20676910 DOI: 10.1007/s10103-010-0810-0]
Mai HX, Zhang YW, Si R, Yan ZG, Sun LD, You LP, Yan CH.
High-quality sodium rare-earth fluoride nanocrystals: controlled
synthesis and optical properties. J Am Chem Soc 2006; 128:
6426-6436 [PMID: 16683808]
P- Reviewer: Kim GH, Park WS, Peng SY, Shimada H, Verlato G
S- Editor: Ma YJ L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

8775

August 7, 2015|Volume 21|Issue 29|

World J Gastroenterol 2015 August 7; 21(29): 8776-8786
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i29.8776

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2015 Advances in Inflammatory Bowel Disease

Advances in refractory ulcerative colitis treatment: A new
therapeutic target, Annexin A2
Satoshi Tanida, Tsutomu Mizoshita, Keiji Ozeki, Takahito Katano, Hiromi Kataoka, Takeshi Kamiya, Takashi Joh

Abstract

Satoshi Tanida, Tsutomu Mizoshita, Keiji Ozeki, Takahito
Katano, Hiromi Kataoka, Takeshi Kamiya, Takashi Joh,
Department of Gastroenterology and Metabolism, Nagoya City
University Graduate School of Medical Sciences, Nagoya city
Aichi prefecture, Aichi 467-8601, Japan

Medical treatment has progressed significantly over the
past decade towards achieving and maintaining clinical
remission in patients with refractory ulcerative colitis
(UC). Proposed mediators of inflammation in UC include
pro-inflammatory cytokines such as tumor necrosis
factor-α (TNF-α) and interleukin-2, and the cellsurface adhesive molecule integrin α4β7. Conventional
therapeutics for active UC include 5-aminosalicylic acid,
corticosteroids and purine analogues (azathioprine and
6-mercaptopurine). Patients who fail to respond to
conventional therapy are treated with agents such as
the calicineurin inhibitors cyclosporine and tacrolimus,
the TNF-α inhibitors infliximab or adalimumab, or a
neutralizing antibody (vedolizumab) directed against
integrin α4β7. These therapeutic agents are of benefit
for patients with refractory UC, but are not universally
effective. Our recent research on TNF-α shedding
demonstrated that inhibition of annexin (ANX) A2 may
be a new therapeutic strategy for the prevention of
TNF-α shedding during inflammatory bowel disease
(IBD) inflammation. In this review, we provide an
overview of therapeutic treatments that are effective
and currently available for UC patients, as well as
some that are likely to be available in the near future.
We also propose the potential of ANX A2 as a new
molecular target for IBD treatment.

Author contributions: Tanida S study concept, data acquisition,
data analysis, drafting of the manuscript; Kataoka H, Kamiya T
and Joh T study concept, supervision; Mizoshita T, Ozeki K and
Katano T technical support and data analysis.
Supported by Grant-in-Aid for Scientific Research (C) from
Japan Society for the Promotion of Science, No. 25460957.
Conflict-of-interest statement: All authors declare that there
are no conflicts of interest regarding this work.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Satoshi Tanida, MD, PhD, Department
of Gastroenterology and Metabolism, Nagoya City University
Graduate School of Medical Sciences, Nagoya city Aichi
prefecture, 1 Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya, Aichi
467-8601, Japan. stanida@med.nagoya-cu.ac.jp
Telephone: +81-52-8538211
Fax: +81-52-8520952

Key words: Tumor necrosis factor-α; Shedding; Integrin
α4β7; Epidermal growth factors
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: April 2, 2015
Peer-review started: April 4, 2015
First decision: April 23, 2015
Revised: May 8, 2015
Accepted: July 8, 2015
Article in press: July 8, 2015
Published online: August 7, 2015

WJG|www.wjgnet.com

Core tip: The main goal of ulcerative colitis (UC) therapy
is to induce and maintain long-term corticosteroid-free
remission. Therapies such as anti-tumor necrosis factor
(TNF)-α and integrin α4β7 neutralizing antibodies
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have emerged in recent times, but are not universally
efficacious; additional treatments are needed. We have
recently demonstrated that annexin (ANX) A2 inhibition
may be a new therapeutic strategy to prevent TNF-α
shedding during inflammatory bowel disease (IBD)
inflammation. Here we focus on effective therapies for
UC patients that are currently available, or will be in
the near future, and the potential of ANX A2 as a new
molecular target for IBD treatment.

A systematic review and meta-analysis of the effect
of 5-ASA on UC demonstrated that 5-ASA is highly
effective for inducing remission in UC with a relative
risk (RR) of failure to achieve remission of 0.79 (95%CI:
0.73-0.85; P = 0.009). This finding was based on
analysis of data showing that remission of UC was not
achieved in 887 (60.3%) of 1470 patients randomized
to receive 5-ASA, compared with 494 (80.2%) of 616
[14]
patients allocated to placebo . In addition, when
[15-19]
remission was defined as endoscopic healing
,
5-ASA was of benefit in inducing remission in active
UC (RR = 0.76; 95%CI: 0.69-0.84). Moreover, a
systematic review and meta-analysis that investigated
the effect of high- or standard-dose 5-ASA (≥ 2 g)
vs low-dose 5-ASA (< 2 g) on induction of remission
demonstrated that doses of ≥ 2 g/d were more
effective than doses of < 2 g/d for inducing remission
with a RR of failure to achieve remission of 0.91
[14]
(95%CI: 0.85-0.98) . This finding was based on data
showing that 380 (58.7%) of 647 patients receiving
high- or standard-dose 5-ASA failed to achieve
remission, compared with 257 (69.8%) of 368 patients
[18,20-26]
assigned to low-dose 5-ASA
.
A systematic review and meta-analysis of the ef
ficacy of 5-ASA vs placebo in preventing relapse in
quiescent UC demonstrated that 5-ASA is highly effective
for preventing relapse in UC with a RR of relapse of 0.65
[14]
(95%CI: 0.55-0.76) . This finding was based on data
showing that 342 (40.3%) of 849 patients randomized
to 5-ASA relapsed, compared with 409 (62.6%) of 653
[27-37]
patients allocated to placebo
.
It was also suggested that doses of ≥ 2 g/d
may be more effective than doses of < 2 g/d for
preventing relapse with a RR of relapse of 0.79 (95%CI:
0.64-0.97). This finding was based on data showing
that 225 (34.7%) of 649 patients receiving high- or
standard-dose 5-ASA relapsed, compared with 379
[14]
(42.8%) of 885 patients assigned to low-dose 5-ASA .

Tanida S, Mizoshita T, Ozeki K, Katano T, Kataoka H, Kamiya
T, Joh T. Advances in refractory ulcerative colitis treatment: A
new therapeutic target, Annexin A2. World J Gastroenterol 2015;
21(29): 8776-8786 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i29/8776.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8776

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory dis
ease that affects the colonic mucosa and that is
characterized by repeated periods of remission and
[1]
deterioration . Pharmacologic management of UC to
achieve clinical remission, and improve the quality of life
[2]
currently consists of 5-aminosalicylic acids (5-ASA) ,
[3]
corticosteroids , purine analogues [azathioprine
[4]
[5]
(AZA) and 6-mercaptopurine (6-MP)] , cytapheresis
[granulocyte and monocyte adsorptive apheresis (GMA)
[6,7]
and leukocytapheresis (LCAP)], calcineurin inhibitors
[cyclosporine and tacrolimus (TAC)], and biologics
[8,9]
including tumor necrosis factor (TNF)-α inhibitors .
In particular, anti-TNF-α antibodies such as infliximab
[8]
[9]
(IFX) and adalimumab (ADA) can induce clinical
remission in patients with refractory UC by inhibiting
the activity of TNF-α, a member of the TNF superfamily
that mediates a series of immune responses. However,
responses to anti-TNF-α antibodies are often diminished
during scheduled maintenance therapy; consequently,
[10]
patients develop flare-ups . Therefore, new the
rapeutic targets are needed for UC patients who no
longer respond to these therapeutic agents.
A disintegrin and metalloproteinase (ADAM)17, also
[11,12]
known as TNF-α converting enzyme (TACE)
, is a key
enzyme for the shedding of the membrane-anchored
TNF-α (proTNF-α). We have recently demonstrated
that annexin (ANX) A2 is involved in the shedding of
[13]
proTNF-α through ADAM17 . Inhibition of ANX A2
may be a new therapeutic strategy for the prevention of
TNF-α shedding during inflammatory bowel disease (IBD)
inflammation.
The present review focuses on therapeutic treat
ments that are effective and currently available for
UC patients, or will be in the near future, and the
potential of ANX A2 as a new molecular target for IBD
treatment.

WJG|www.wjgnet.com

Corticosteroids

A systematic review and meta-analysis of the efficacy
of corticosteroids in UC demonstrated that stan
dard corticosteroids were superior to placebo for UC
remission with a RR of failure to achieve remission of
[38]
0.65 (95%CI: 0.45-0.93) . This finding was based
on analysis of data showing that 122 (54.0%) of 226
patients assigned to standard oral glucocorticoids failed
to achieve remission, compared with 173 (79.0%) of
[3,39-42]
219 patients allocated to placebo
. Based on the
above, standard corticosteroids are probably effective
in inducing remission in UC.
This systematic review also showed that there was
no evidence of increased adverse events in patients
taking standard corticosteroids, compared with
placebo, even though the absolute rate was higher
(14.3% compared with 7.0%, RR = 1.69; 95%CI:
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[38]

0.30-9.62)

.

demonstrated a trend to benefit of AZA over placebo in
a total of 130 UC patients allocated to AZA or placebo,
with no statistical significance (RR = 0.85; 95%CI:
[4,52,53]
0.71-1.01; P = 0.07)
. However, AZA is of benefit
in preventing relapse in quiescent UC (RR = 0.60;
[52]
95%CI: 0.37-0.95; P = 0.03) . This finding was
based on data that 26 (39.3%) of 66 patients receiving
AZA experienced a relapse of UC, compared with 40
[4,53,54]
(65.6%) of 61 patients allocated to placebo
, with
a statistically significant benefit of AZA.
Based on the above, AZA/6-MP appears to be of
little benefit for inducing remission in active UC, but
may prevent relapse in quiescent UC.
This systematic review also showed that there was
no evidence of increased adverse events in patients
[52]
taking purine analogues, compared with placebo .
However, there has been one trial that reported that
one patient was dying of an infection associated with
an immunocompromised state that occurred when
[55]
taking AZA . AZA/6-MP are also associated with a
[56,57]
4-6 fold increased risk of lymphoma
and a 2-6
[58,59]
fold increase in non-melanoma skin cancer
. Thus,
immunosuppressive therapy with AZA/6-MP is never
without risk.

Cytapheresis

Cytapheresis including GMA (Adacolumn®) and LCAP
(Cellsoba®) is an extracorporeal therapy that selectively
depletes activated granulocytes and monocytes,
or leukocytes, resulting in amelioration of the gut
inflammation of UC.
A systematic review and meta-analysis of the effect
of GMA in both active and corticosteroid-dependent
or resistant UC demonstrated that GMA appeared
superior to conventional medical therapy. This
conclusion was based on data showing that 26 (74%)
of 35 patients assigned to GMA achieved remission,
compared with 16 (49%) of 35 patients receiving
[43,44]
prednisolone (PSL) (P = 0.02)
. In addition, there
was also evidence for corticosteroid-sparing effects
with GMA, with significantly lower cumulative doses
of corticosteroids, and significantly higher rates of
corticosteroid-free remission in patients receiving
GMA. These findings were based on data that showed
that (1) during the 12 wk of treatment, the cumulative
amount of PSL received per patient was 1157 mg in 46
patients assigned to GMA, compared with 1938 mg in
23 patients assigned to receiving the mean dose of PSL
[45]
up to 30 mg daily (P = 0.001) ; and that (2) 27 (77%)
of the GMA-treated patients achieved corticosteroidfree at 12 wk, compared with 5 (14%) of the patients
[43]
allocated to PSL (P = 0.008) . However, GMA did not
achieve significantly higher remission rates compared
[46]
with a sham procedure in achieving remission in UC .
Interestingly further subgroup analysis demonstrated
that GMA is of benefit in patients with confirmed
endoscopically active disease. This conclusion was
based on the data of a total of 63 patients with
histological evidence of mucosal erosions or ulcerations
at baseline, which showed that clinical remission was
achieved in 11 (24%) of 46 patients randomized to
GMA, compared with 0 (0%) of 17 patients allocated
to sham apheresis (P = 0.03). On the other hand,
a randomized trial comparing LCAP with a sham
[47]
column also suggested benefit . Interestingly, a
systematic review and meta-analysis of the effect of
intensive GMA regimens (two sessions per week) over
conventional GMA regimens (one session per week) in
achieving remission in UC demonstrated that intensive
[48-50]
GMA regimens had higher remission rates
and
shorter time-to-remission than conventional re
[48,49]
gimens
. Serious adverse side effects have been
rare in patients receiving GMA. Based on the above,
cytapheresis appears of some benefit in UC.

Calcineurin inhibitors

Calcineurin inhibitors including cyclosporine and TAC
are useful for the treatment of refractory UC due to
their potent immunosuppressive properties that inhibit
the transcription of the early activation genes encoding
interleukin (IL)-2, TNF-α, and interferon-γ, which
[60]
contribute to the development of inflammation .
A clinical trial that investigated the effect of
cyclosporine on severely active UC, in which a res
ponse was defined as symptomatic improvement
demonstrated that cyclosporine was of benefit over
placebo in improving symptoms (RR no improvement
with cyclosporine, 0.22; 95%CI: 0.07-0.67). This
finding was based on data showing that 2 (18%) of
11 patients receiving cyclosporine had no response, as
[7,52]
compared with 9 of 9 patients allocated to placebo
.
A recent systematic review of pertinent literature in
the Cochrane Database that investigated the efficacy
of TAC in inducing remission or clinical improvement
of symptoms of UC in a total of 63 moderate-tosevere UC patients randomized to TAC or placebo
demonstrated that TAC was of benefit in inducing
short-term clinical improvement in patients with
refractory UC. This conclusion was based on data
showing that 21 (48.8%) of 43 patients randomized to
TAC achieved clinical improvement at 2 wk, compared
with 2 (10.0%) of 20 patients allocated to placebo
(odds ratio (OR), 8.66; 95%CI: 1.79-42.00), with a
[60,61]
statistically significant benefit of TAC
. However,
TAC is of little benefit in inducing remission. This
conclusion is based on data showing that 6 (13.9%) of
43 patients randomized to TAC achieved remission at
2 wk, compared with 1 (5.0%) of 20 patients allocated

AZA/6-MP

The traditional pyramid of therapy for the management
of UC suggests that patients are prescribed immu
nosuppressive agents when 5-ASA and corticosteroids
[51]
fail . A systematic review and meta-analysis of the
effect of the immunosuppressant AZA on active UC
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to placebo (OR = 2.27; 95%CI: 0.35-14.75), with no
statistically significant benefit of TAC over placebo.
Regarding safety concerns, patients in the high
serum target concentration group were significantly
more likely than placebo patients to experience adverse
events related to treatment (P = 0.043). Finger tremor
(n = 6) was the most common adverse event in 43
patients receiving TAC. Other adverse events included:
gastroenteritis, sepsis, sleepiness, hot flush, headache,
[60,61]
queasiness and stomach discomfort
.
Based on the above, TAC may be effective for shortterm clinical improvement in patients with refractory
UC.

This conclusion is based on data showing that re
mission of UC was not achieved in 231 (42.9%) of 539
patients that were randomized to receive IFX for 6 to
12 wk, compared with 201 (69.8%) of 288 patients
[8,69-72]
allocated to placebo
.
Regarding safety concerns, it was also suggested
that the number of patients experiencing any adverse
event was not greater with IFX in moderate-to-severe
[69]
UC . Based on the above, IFX is of benefit over
placebo in inducing remission in active UC.
IFX and calcineurin inhibitors such as cyclosporin
and TAC are effective for the treatment of patients
with moderate or severe corticosteroid-dependent/
refractory UC. Whether cyclosporin or TAC therapy
should precede IFX as a second-line therapy cur
rently remains controversial. A parallel, open-label
randomized controlled trial compared the efficacy
of cyclosporin and IFX on acute severe UC that was
refractory to intravenous corticosteroids. In this trial,
a total of 115 severe UC patients were randomized
to cyclosporine (n = 58) or IFX (n = 57), and this
trial demonstrated that cyclosporine was not more
effective than IFX. This conclusion was based on
data showing that 35 (60%) of 58 patients receiving
cyclosporine failed to respond to the treatment by
day 98, compared with 31 (54%) of 57 patients
receiving IFX, with no statistically significant benefit of
cyclosporine over IFX (OR = 1.3; 95%CI: 0.6-2.7; P =
0.52). Furthermore, 50 (86%) of 58 patients receiving
cyclosporine achieved a clinical response by day 7,
compared with 48 (84%) of 57 patients receiving IFX,
with no statistically significant benefit of cyclosporine
[73]
over IFX (OR = 1.2; 95%CI: 0.4-3.3; P = 0.76) .
A retrospective study that investigated the effi
cacy of IFX salvage therapy for patients with severe
or moderate UC who failed to respond to TAC de
monstrated that IFX salvage therapy following TAC
tended to be more efficacious in TAC responders (loss
of response or no tolerance) than in non-responders
(refractoriness), and that sequential therapy may
prove useful and well tolerated. These conclusions
were based on data showing the following: (1) in 13
patients receiving IFX for severe or moderate UC who
showed refractoriness or loss of response to TAC, or no
tolerance, the mean partial Mayo score of UC activity
was significantly decreased (P < 0.05) to 5.69, 3.07,
and 2.77 at baseline, 8, and 30 wk, respectively;
(2) six (46.2%) of the 13 patients showed clinical
remission at 8 wk and four (30.8%) showed clinical
remission at 30 wk; and (3) rates of clinical remission
at 8 and 30 wk of IFX therapy were 60.0% and
40.0%, respectively in TAC responders, and good
remission rates of 37.5% and 25.0%, respectively,
[74]
were also obtained in TAC non-responders . More
interestingly, some recent investigations demonstrated
that biological therapy could be terminated after
achieving complete remission in response to scheduled
maintenance therapy with TNF-α biologics in patients

Biological therapy

IBDs are characterized by chronic inflammation
involving the surplus or excessive activity of the
immune system in the gut. In order to block this
excessive immune reaction, many approaches to
the treatment of IBD with biological agents against
inflammatory cytokines and adhesive molecules have
been developed. The most popular approach to IBD
treatment is to block TNF-α, a pro-inflammatory
cytokine, which activates inflammatory cells, upregulates adhesion molecules, and ultimately induces
gut inflammation. Treatments with monoclonal
antibodies against TNF-α are currently successful
in many patients. However, only a third or less will
achieve remission and many of those who do will
[62,63]
eventually lose their response
. Monoclonal
antibodies (vedolizumab) that block integrin α4β7,
which mediates the infiltration of leukocytes into
the gut mucosa, have also been developed, and will
hopefully be used in clinical practice in the near future.
A very recent systematic review and network metaanalysis of the efficacy of biological agents on UC in a
total of 2282 mild-to-moderate UC patients randomized
to biological agents (n = 1167) or placebo (n = 1115)
also demonstrated that all biological agents (ADA,
golimumab (anti-TNF-α), IFX, and vedolizumab) were
superior to placebo for induction of clinical response,
clinical remission, and mucosal healing, except for ADA
for clinical remission. Furthermore, IFX was shown to
be more likely to induce a favorable clinical outcome
than ADA for induction of clinical response (OR = 2.36,
95%CI: 1.22-4.63), clinical remission (OR = 2.79,
95%CI: 0.95-8.83), and mucosal healing (OR = 2.02,
[8,9,64-68]
. In addition, all biological
95%CI: 1.13-3.59)
agents also suggested superiority over placebo for
[64]
maintenance .

TNF-α BLOCKADE
Another systematic review and meta-analysis of the
efficacy of all anti-TNF-α antibodies on moderately to
severely active UC demonstrated that IFX antibodies
are superior to placebo in inducing remission (RR of
failure to achieve remission, 0.72; 95%CI: 0.57-0.91).
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[75,76]

with refractory UC

.

Based on the above, vedolizumab is superior to
placebo for induction of clinical remission, response,
and endoscopic remission in patients with moderateto-severe UC, and for prevention of relapse in patients
with quiescent UC.

Combination therapy with IFX plus AZA

A randomized, double-blind, double-dummy trial
evaluated the efficacy of IFX alone, AZA alone, and
combination therapy with IFX and AZA, at week 16
for the treatment of moderate-to-severe UC that
was naïve to anti-TNF-α antibodies in a total of 239
patients. This trial demonstrated that the patients
receiving combination therapy with IFX and AZA were
more likely to achieve corticosteroid-free remission at
week 16 than those receiving either monotherapy. This
conclusion was based on data showing that 31 (39.7%)
of 78 patients receiving a combination of IFX and AZA
achieved corticosteroid-free remission, compared with
17 (22.1%) of 77 patients receiving IFX alone (P =
0.017) and 18 (23.7%) of 76 patients receiving AZA
[77]
alone (P = 0.032) . In addition, combination therapy
led to significantly better mucosal healing than AZA
alone, based on data showing that 49 (62.8%) of 78
patients receiving IFX and AZA combination therapy
achieved mucosal healing at week 16, compared with
42 (54.6%) of 77 patients receiving IFX alone (P =
0.295) and 28 (36.8%) of 76 patients receiving AZA
[77]
alone (P = 0.001) .

Tofacitinib

Tofacitinib is an inhibitor of Janus kinases 1, 2 and
3 that are believed to block lymphocyte activation,
function, and proliferation through inhibition of
signaling involving gamma chain-containing cytokines
[79,80]
including IL-2, -4, -7, -9, and -15
. Consequently
tofacitinib is expected to be a therapeutic agent for the
treatment of active UC.
A double-blind, placebo-controlled, phase II
trial that evaluated the efficacy of tofacitinib in 194
patients with moderate-to-severe UC demonstrated
that clinical response at week 8 occurred in 20 (42%)
of 48 patients allocated to placebo (95%CI: 28-56)
compared with 10 (32%) of 31 patients randomized
to 0.5 mg of tofacitinib (95%CI: 16-49; P = 0.39), 16
(48%) of 33 randomized to 3 mg of tofacitinib (95%CI:
31-66; P = 0.55), 20 (61%) of 33 randomized to 10
mg of tofacitinib (95%CI: 44-77; P = 0.10), 38 (78%)
of 49 randomized to 15 mg of tofacitinib (95%CI:
[81]
66-89; P < 0.001) . In addition, clinical remission at
week 8 occurred in 5 (10%) of 48 patients receiving
placebo (95%CI: 2-19), compared with 4 (13%) of
31patients receiving 0.5 mg of tofacitinib (95%CI:
1-25; P = 0.76), 11 (33%) of 33 receiving 3 mg of
tofacitinib (95%CI: 17-49; P = 0.01), 16 (48%) of
33 receiving 10 mg of tofacitinib (95%CI: 31-66; P
< 0.001), and 20 (41%) of 49 receiving 15 mg of
[81]
tofacitinib (95%CI: 27-55; P < 0.001) . Regarding
safety concerns, there was a dose-dependent incr
ease in both low-density lipoprotein and high-density
lipoprotein cholesterol concentrations at week 8 with
tofacitinib, which reversed after discontinuation of the
study drug.
Based on the above, patients with moderate-tosevere UC treated with tofacitinib were more likely to
achieve clinical response and remission than those
receiving placebo.

Vedolizumab

A recent systematic review of pertinent literature in
the Cochrane Database that investigated the efficacy
of vedolizumab for induction and maintenance of
remission in a total of 606 moderate-to-severe UC
patients randomized to vedolizumab demonstrated
that vedolizumab is significantly more effective than
placebo in inducing clinical remission and response
as well as endoscopic remission. This conclusion
was based on the following data: (1) 293 (77%) of
382 patients that were randomized to vedolizumab
failed to achieve clinical remission by week 4 to 6,
compared with 205 (92%) of 224 patients allocated to
placebo, with a statistically significant effect in favor
of vedolizumab (RR = 0.86; 95%CI: 0.80-0.91); (2)
48% of patients randomized to vedolizumab failed to
have a clinical response at week 6, compared with
72% of patients allocated to placebo (RR = 0.68;
95%CI: 0.59-0.78); and (3) 68% of patients failed
to achieve endoscopic remission at week 4 to 6,
compared with 81% of patients allocated to placebo
[78]
(RR = 0.82; 95%CI: 0.75-0.91) . In addition,
vedolizumab was of benefit over placebo in preventing
relapse in patients who were in remission, based on
data that showed that 140 (54%) of 247 patients
randomized to vedolizumab experienced a clinical
relapse at week 52, compared with 106 (84%) of 126
patients allocated to placebo (RR = 0.67; 95%CI:
[78]
0.59-0.77) . Regarding safety concerns, patients
receiving vedolizumab were no more likely than those
receiving placebo to experience adverse events or
[78]
serious adverse events .
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ANX A2 as a new molecular target for conquering the
failure of TNF-α blockade

As described above, TNF-α blockade using antiTNF-α antibodies is not always successful. A better
understanding of the TNF-α shedding process may
lead to new methods of blocking TNF-α shedding
and thereby attenuating the inflammation of UC. A
recent investigation demonstrated a mechanism for
the regulation of TNF-α shedding in which ANX A2
regulates ADAM17-mediated cleavage and subsequent
shedding of proTNF-α from the cell membranes of
[13]
monocytes and colon epithelial cells .
ANX A2 was initially isolated as a substrate for
the tyrosine kinase of the oncogene protein pp60
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in the endocytic pathway, ANX A2 in combination
with acylated caveolin is considered to be involved in
[84]
the internalization/transport of lipids . Therefore,
ANX A2 has been proposed to play a key role in
many processes including exocytosis, endocytosis,
membrane organization, ion channel conductance,
and in linking the F-actin cytoskeleton to the plasma
[83,85]
membrane
.
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The molecular mechanism by which TNF-α shedding
is induced by interaction of ANX A2 with ADAM 17 has
now become clear. TNF-α is known to be expressed on
the cell membranes of monocytes. Western blotting
that examined the endogenous protein expression
levels of TNF-α, ADAM17 and ANX A2 in cell lines such
as the colon epithelial cell lines, HCT116 and HT29,
and the monocyte cell line, U937, showed that a high
level of TNF-α protein was constitutively expressed
in U937 cells, whereas HCT116 and HT29 cells
expressed TNF-α at very low levels. High expression
levels of ADAM17 and ANX A2 were observed in all
three cell lines. Immunoprecipitaion with an antiANX A2 antibody followed by Western blotting with an
anti-ADAM17 antibody demonstrated that ADAM17
directly interacts with ANX A2. It is known that the
ectodomain of proTNF-α is mainly shed through
the activity of ADAM17, although ADAM10 can also
[86]
mediate a small amount of proTNF-α shedding .
The role of ADAM17 in TNF-α shedding was confirmed
by analysis of the inhibitory effects of KB-R7785, an
ADAM inhibitor, and of ADAM17 short interfering RNAs
(siRNAs) on 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced shedding of TNF-α from HCT116 cells
overexpressing alkaline-phosphatase (AP)-tagged
proTNF-α, which allowed quantitative analyses of
shed AP-tagged TNF-α in the culture medium during
TPA stimulation using an AP assay. Forced depletion
of ANX A2 using siRNAs targeted towards ANX A2
resulted in a significant suppression of TPA-induced
TNF-α shedding (Figure 1A). In accordance with these
data, the expression level of the AP-tagged proTNF-α
protein of these HCT116 cells was decreased after TPA
stimulation, which was partially inhibited by siRNAmediated depletion of ANX A2. Furthermore, forced
depletion of ANX A2 using siRNAs targeted toward ANX
A2 resulted in a significant suppression of stimulationinduced endogenous TNF-α release from HCT116 and
U937 cells, which was assessed using an ELISA of
TNF-α shed into the conditioned medium (Figure 1B
and C). These data suggested that ANX A2 is involved
in TNF-α shedding and release in colon epithelial cells
and monocytes.
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Figure 1 Involvement of annexin A2 in tumor necrosis factor-a ecto
domain shedding and release. Quoted and adapted from Ford et al[14]. A:
Quantitative analysis of TNF-a shedding during TPA stimulation of HCT116 cells
overexpressing AP-tagged proTNF-a and inhibitory effects of ANX A2 siRNA on
TNF-a shedding. aP < 0.05 vs control for the stimulatory effect, and cP < 0.05
vs control for the inhibitory effect; B: Inhibitory effect of ANX A2 siRNA on IL-1βinduced TNF-a release from HCT116 cells. The concentration of TNF-a released
into the conditioned medium was measured using ELISA. aP < 0.05 vs control for
the stimulatory effect, and cP < 0.05 vs control for the inhibitory effect; C: Inhibitory
effects of ANX A2 siRNA on TPA-induced TNF-α release in U937 cells. The
concentration of TNF-α released into the conditioned media was measured using
ELISA. aP < 0.05 vs control for the stimulatory effect, and cP < 0.05 vs control for
the inhibitory effect. TNF: Tumor necrosis factor; ANX: Annexin; IL: Interleukin.
[82]

(v-src) . ANX A2 is a pleiotropic calcium- and
anionic phospholipid-binding protein that exists as a
monomer and as a heterotetrameric complex with the
[83]
plasminogen receptor protein, S100A10 . A recent
extensive study of the detailed biological functions
of ANX A2 showed that ANX A2 in complex with
2+
S100A10 participates in Ca -evoked exocytosis, and,
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ANX A2 depletion promotes ectodomain shedding of
epidermal growth factor receptor ligands

ADAM17 is also a key enzyme for the shedding of
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Figure 2 Putative model of ADAM17-cleaved shedding of tumor necrosis factor-a or epidermal growth factor receptor ligands through annexins.
Quoted and adapted from Ford et al[14]. A: Highly expressed ANX A2 (grey) binds to and activates ADAM17 (green) and, as a consequence, ANX A2 promotes
ADAM 17-mediated ectodomain shedding of TNF-a (pink). In parallel, the levels of ANX A8 and 9 are regulated so that they are maintained at a low level; B: Highly
expressed ANX A8 and A9 (orange) subsequently bind to and activate ADAM17; as a consequence, ANX A8 and A9 promote ADAM 17-mediated ectodomain
shedding of EGFR ligands. In parallel, levels of ANX A2 are regulated so that low levels are maintained. TNF: Tumor necrosis factor; ANX: Annexin; IL: Interleukin;
EGFR: Epidermal growth factor receptor.

various other membrane proteins in addition to TNF-α,
including epidermal growth factor receptor (EGFR)
[87]
ligands . The C-terminus of type 1 membrane
proteins such as EGFR ligands [e.g., amphiregulin
(AREG) and heparin-binding epidermal growth factorlike growth factor (HB-EGF)] is in the cytoplasm,
whereas the N-terminus of type 2 membrane proteins
(e.g., TNF-α) is in the cytoplasm. The detailed me
chanism by which ADAM17 cleaves type 1 and 2
membrane proteins is unclear. An AP assay of HCT116
cells overexpressing AP-tagged proAREG and proHBEGF demonstrated that, in contrast to its effect on
TNF-α shedding, depletion of ANX A2 with siRNAs
[13]
significantly increased AREG and HB-EGF shedding .
These experiments confirmed that ANX A2 is involved
in the ectodomain shedding of AREG and HB-EGF.
The combined data indicated that depletion of
ANX A2 inhibited ADAM17-mediated ectodomain
shedding of proTNF-α; conversely, depletion of ANX A2
upregulated ADAM17-mediated ectodomain shedding
of proAREG and proHB-EGF. These results suggest
that depletion of ANX A2 ameliorates gut inflammation
by suppressing TNF-α cleavage and induces cell
proliferation and mucosal repair by promoting AREG
and HB-EGF cleavage.
More interestingly, depletion of other members
of the ANX family, ANX A8 and A9 abrogated the
shedding of EGFR ligands, suggesting that ANX A8
[88]
and A9 are required for their shedding . In contrast,
decreased levels of TNF-α shedding were observed
during stimulation from HCT116 cells overexpressing
ANX A8 and A9, compared with mock cells, suggesting
that ANX A8 and A9 inhibit TNF-α shedding.
Based on the above studies, ANX A2, A8 and A9
are responsible for regulation of the cleavage of the
type 2 membrane-anchored protein TNF-α, and the
cleavage of the type 1 membrane-anchored proteins
AREG and HB-EGF (Figure 2). Clearly, ANX A2 is a new
candidate molecular target for overcoming the failure
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of TNF-α blockade, and inhibition of ANX A2 may be a
new therapeutic strategy for the prevention of TNF-α
shedding during IBD inflammation.

CONCLUSION
As detailed in this review, many agents with different
mechanisms of action are available, or are likely to be
available in the near future, for the treatment of UC.
However, these therapeutic strategies are not always
satisfactory and there also remains the problem of
refractory UC. Of the current treatments, calcineurin
inhibitors, TNF-α blockade, and vedolizumab, which
block or neutralize the production and functions of
proinflammatory cytokines including IL-2 and TNF-α,
and adhesive molecules, can be effective for the
treatment of patients with refractory UC, but they
have limitations. To address these limitations, the
development and clinical trials of new therapeutic
agents that target the surplus or excessive activity
of the immune system are needed. ANX A2, which
mediates TNF-α shedding, is also one such new
candidate molecular target. Progress in understanding
the pathogenesis of UC is expected to result in the
emergence of many potentially useful treatments,
such as the targeting of ANX A2, for UC treatment in
the future.
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REVIEW

role of the normal gut microbiota
Sai Manasa Jandhyala, Rupjyoti Talukdar, Chivkula Subramanyam, Harish Vuyyuru, Mitnala Sasikala,
D Nageshwar Reddy

Abstract

Sai Manasa Jandhyala, Rupjyoti Talukdar, Chivkula
Subramanyam, Harish Vuyyuru, Mitnala Sasikala, Department
of Gastroenterology, Asian Institute of Gastroenterology, Asian
Healthcare Foundation, Hyderabad 500082, India

Relation between the gut microbiota and human
health is being increasingly recognised. It is now
well established that a healthy gut flora is largely
responsible for overall health of the host. The normal
human gut microbiota comprises of two major phyla,
namely Bacteroidetes and Firmicutes. Though the
gut microbiota in an infant appears haphazard, it
starts resembling the adult flora by the age of 3
years. Nevertheless, there exist temporal and spatial
variations in the microbial distribution from esophagus
to the rectum all along the individual’s life span.
Developments in genome sequencing technologies and
bioinformatics have now enabled scientists to study
these microorganisms and their function and microbehost interactions in an elaborate manner both in health
and disease. The normal gut microbiota imparts specific
function in host nutrient metabolism, xenobiotic and
drug metabolism, maintenance of structural integrity
of the gut mucosal barrier, immunomodulation, and
protection against pathogens. Several factors play a
role in shaping the normal gut microbiota. They include
(1) the mode of delivery (vaginal or caesarean); (2)
diet during infancy (breast milk or formula feeds)
and adulthood (vegan based or meat based); and (3)
use of antibiotics or antibiotic like molecules that are
derived from the environment or the gut commensal
community. A major concern of antibiotic use is
the long-term alteration of the normal healthy gut
microbiota and horizontal transfer of resistance genes
that could result in reservoir of organisms with a
multidrug resistant gene pool.
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to live in a collaborative relationship with the healthy
microbiota, while serving its function to fight off
invasive pathogenic microorganisms.
The purpose of this manuscript is to review the
recent evidence on the functions of the normal
gut microbiota and the mechanistic insights into
the execution of these pro-health functions. Data
presented in this review is a composite of both
observational and experimental studies on humans,
germ free and humanized mice. The implications of the
gut microbiota in disease states are out of the scope of
this review.

Core tip: In this review we present an up-to-date
overview of the normal gut microbiota, their functional
implications in health, and the mechanistic insights
that orchestrate these functions. We also discuss the
characteristics that define a healthy gut microbiota
and factors that shape and perturb the gut microbial
diversity and functions. The evidence that we present
here is a composite of observational and experimental
studies on humans, germ free and humanized mice.
Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H,
Sasikala M, Reddy DN. role of the normal gut microbiota. World
J Gastroenterol 2015; 21(29): 8787-8803 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i29/8787.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i29.8787

CURRENT METHODS TO STUDY GUT
MICROBIOTA
To study the gut microbiota, stool samples have to
be collected from individuals and DNA from stool is
isolated. Isolation, identification and enumeration of
the vast majority of gastrointestinal microorganisms
using conventional culture based techniques is an
arduous task. Earlier, using culture based techniques,
scientists were able to isolate only 10%-25% of
the microbiota, and this was because most of the
microorganisms in the gut are anaerobic. Later,
with the improvements in the anaerobic culturing
techniques, dominant genera were identified such
as, Bacteroides, Clostridium, Bifidobacterium etc.
The major drawback in using these techniques is the
difficulty in studying the culture characteristics of
various colonies on a petri plate. Secondly, it is time
[8-10]
consuming
.
With the availability of high throughput gene
sequencing technology, study of the gut microbiota
currently consists of two major stages: (1) 16S
rRNA based sequencing of bacterial gene; and (2)
bioinformatics analysis. Metabolomics is another
rapidly expanding field of gut microbiota research
that evaluates small molecules associated with the
interrelationship of host-bacterial metabolism that
has implications in health and disease. Composite
data from the gut microbiota and the metabolome
currently provides the most powerful evidence that can
demonstrate the closest association with health and
diseased states.

INTRODUCTION
Microbiota refers to the entire population of micro
organisms that colonizes a particular location; and
includes not just bacteria, but also other microbes
[1]
such as fungi, archaea, viruses, and protozoans .
Significant interest have evolved on the gut microbiota
in the recent years within the scientific community;
and the gut microbiota have been associated with a
large array of human diseases ranging from luminal
[2]
diseases such as inflammatory bowel diseases (IBD)
[3]
and irritable bowel syndrome (IBS) , metabolic
[4]
[5]
diseases such obesity and diabetes , allergic disease
to neurodevelopmental illnesses, though the strength
of evidence is not robust with many of them. It has
been speculated since long that the gut microbiota
bear significant functional role in maintaining the
gut in the normal individual and human health as
a whole. There is now mounting evidence resulting
from studies on humans and germ free mice that
supports these speculations. Several high quality data
[6]
from the US Human Microbiome Project (HMP) ,
European Metagenomics of the Human Intestinal
[7]
Tract (MetaHIT) and several other studies have
now demonstrated the beneficial functions of the
normal gut flora on health down to the genetic level.
For example, studies have now identified several gut
microbial genes, such as the HMO-related gene cluster
1 that is responsible for human milk oligosaccharide
digestion.
From an immunological perspective, micro
organisms are viewed as pathogens by the host
immune system that recognizes and eliminates
them. However, majority of the gut bacteria are
non-pathogenic and, co-habit with the enterocytes
in a symbiotic relationship. The gut commensals
predominantly aid in nutrient metabolism, drug me
tabolism, prevention of colonization of pathogenic
microorganisms and in intestinal barrier function. At
the same time, the immune system has co-evolved
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Bacterial gene sequencing

Sequencing of bacterial genes involves metagenomic
analysis of DNA that codes for the 16S rRNA. The
16S region of bacterial gene is small (1.5 Kb size)
and highly conserved, with 9 hyper variable sites
that are sufficient to differentiate various bacterial
[11]
species . Common regions for bacterial identification
[12]
in 16S rRNA are the V3, V4, V6 and V8 . With the
development of biomedical technology, bacterial
gene sequencing has rapidly evolved from Sanger’s
sequencing to several variations of next-generation
sequencing (NGS). Even though NGS could provide
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COMPOSITION OF THE NORMAL GUT
MICROBIOTA

Table 1 Advantages and disadvantages of few of the currently
[15,16]
available next generation sequencing techniques
Techniques used
in next generation
sequencing
454 Pyrosequencing

Accuracy

99.9%

Shot gun Sequencing

98%

Illumina Sequencing
(Sequencing by
synthesis)

98%

Pacific Bio Sequencing
(single molecule
real-time sequencing)
Ion Torrent
Sequencing (Ion
semiconductor)
SOLiD (Sequencing by
Ligation) Sequencing

99.9%

98%

99.9%

Advantages

Disadvantages

Even though it was earlier thought that the gut
microbiota comprised of 500-1000 species of mic
[17]
robes
a recent large scale study has estimated
that the collective human gut microflora is composed
[18]
of over 35000 bacterial species . Furthermore, if
defined from a perspective of total bacterial genes, the
Human Microbiome Project and the Metagenome of the
Human Intestinal tract (MetaHIT) studies suggest that
there could be over 10 million non-redundant genes
in the human microbiome. A Danish study of the gut
microbiome and their function involving 123 non-obese
and 169 obese individuals resulted in the concept of
high gene count (HGC) and low gene count (LGC), both
[19]
of which have implications in health and disease .
The HGC microbiome includes Anaerotruncus coli
hominis, Butyrivibrio crossotus, Akkermansia sp.,
and Fecalibacterium sp.; with a high Akkermansia
(Verrucomicrobia): Ruminococcus torque/gnavus
ratio. The defining features of HGC microbiome
in favour of a digestive health includes increased
proportion of butyrate producing organisms, increased
propensity for hydrogen production, development of
a methanogenic/acetogenic ecosystem and reduced
[19]
production of hydrogen sulfide . The HGC individuals
have a functionally much robust gut microbiome
and lower prevalence of metabolic disorders and
obesity. On the other hand, LGC individuals harbor
a higher proportion of pro-inflammatory bacteria
such as Bacteroides and Ruminococcus gnavus, both
of which are known to be associated inflammatory
[20,21]
bowel disease
. Other members of LGC bacteria
include Parabacteroides, Campylobacter, Dialister,
Porphyromonas, Staphylococcus and Anaerostipes.
In addition, few of the key bacterial metabolites in
LGC individuals include modules for β-glucuronide
degradation, degradation of aromatic amino acids, and
dissimilatory nitrite reduction, all of which are known
to have deleterious effects.
Overall, the healthy gut microbiota is predominantly
constituted by the phyla Firmicutes and Bacteroidetes.
This is followed by the phyla Actinobacteria and
Verrucomicrobia. Even though this general profile
remains constant, gut microbiota exhibits both temporal
and spatial differences in distribution at the genus
level and beyond. As one travels from the esophagus
distally to the rectum, there will be a marked difference
1
in diversity and number of bacteria ranging from 10
per gram of contents in the esophagus and stomach
12
to 10 per gram of contents in the colon and distal
[22]
gut . Figure 2 depicts the temporal diversity of the
gut microbiota as one travels from the esophagus
distally to the colon. Streptococcus appears to be the
dominant genus in the distal esophagus, duodenum
[23,24]
and jejunum
. Helicobacter is the dominant genera

Less amount Homopolymer
of sample,
errors
long read
Expensive
lengths, large
number of
samples can
be easily read
Short reads in
Assembly
short time
process is
computationally
expensive
Accurate,
Expensive
quicker,
reliable and
cheap
Fast and
Expensive
provides long
equipment
read length
Fast and less
Multiple
expensive
monomer errors
equipment
Less
Slow and
expensive
difficult to
when
sequence
compared to
palindromes
other methods

voluminous data with fair to good accuracy, they are
not free from problems. A recent study have shown
that sequencing could be prone to errors that most
likely results from the library preparation methods
[13]
and choice of primers . The other issue of concern
in 16S rRNA based sequencing is the variability of
results across different sequencing centers, both for
predominant and minor taxa. This variation again
could be result of differences in primers used to
[14]
generate the amplicon libraries . Table 1 presents
the accuracy, advantages and disadvantages of the
[15,16]
currently available sequencing techniques
.

BIOINFORMATICS ANALYSIS
The data obtained from sequencing is often volu
minous, fragmented, noisy, overlapping, and con
taminated. Bioinformatics analysis enables cleaning
up the data and the identification of the bacterial taxa.
This can also be extended to obtaining information
also on metabolic functions using a wide array of
bioinformatics platforms. Furthermore, statistical
analysis of the sequence data also help in identifying
alpha diversity (diversity of species within the same
individual), beta diversity (inter-individual species
diversity), relative abundance, and several other
parameters related to the organisms. Figure 1 shows
the workflow of study of the gut microbiota.
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DNA
Extraction

Sampling

DNA
Sequencing

Assembly

Statistical
Analysis

Annotation
Raw data processing

MG-RAST
RNA extraction

454 FLX pyrosequencing

Illumina pyrosequencing

KEGG, COG
Gene Function

OTU’s
PICRUst

Gene expression studies

Host-microbe
interaction

Functional capacity
of microbiota

CAZy

Community function
profiling

MetaPhlAn

Taxonomic studies

Community
composition profiling

MEGAN, MEDUSA, FANTOM, HUMAan, BLAST, TIGRFAM, PFAM, SOAP, QIIME

Figure 1 Bioinformatics work flow. This figure explains the various steps involved in the bioinformatics analysis, starting from collection of samples, extraction,
sequencing and statistical analysis. The interaction between host and microbes along with the functional capacity of the microbiota can be studied. MG-RAST:
Metagenomics rapid annotation using subsystem technology; CAZy: Carbohydrate active-enzymes; MetaPhlAn: Metagenomic phylogenetic analysis; KEGG:
Kyoto encyclopaedia for genes and genomics; COG: Clusters of orthologous group; PICRUst: Phylogenetic investigation of communities by reconstruction of
unobserved states; MEGAN: Meta genome analyzer; MEDUSA: Metagenomic data utilization and analysis; FANTOM: Functional annotation and taxonomic analysis
of metagenomes; HUMAan: Human microbiome project unified metabolic analysis network; BLAST: Basic local alignment search tool; TIGRFAM: Protein sequence
classification; PFAM: Protein families; SOAP: Short oligonucleotide analysis package; QIIME: Quantitative insights into microbial ecology.

Esophagus pH
< 4.0

Bacteroides , Gemella,
Megasphaera , Pseudomonas,
Prevotella , Rothia sps.,
Streptococcus , Veillonella

Stomach pH
2

Streptococcus , Lactobacillus,
Prevotella , Enterococcus,
Helicobacter pylori

Colon pH
5-5.7

Bacteroides , Clostridium,
Prevotella , Porphyromonas ,
Eubacterium , Ruminococcus,
Streptococcus , Enterobacterium,
Enterococcus , Lactobacillus,
Peptostreptococcus , Fusobacteria

Small intestine pH
5-7

Bacteroides , Clostridium,
Streptococcus , Lactobacillus,
g-Proteobacteria , Enterococcus

Cecum pH
5.7

Lachnospira , Roseburia,
Butyrivibrio , Ruminococcus,
Fecalibacterium , Fusobacteria

Figure 2 distribution of the normal human gut flora.

present in the stomach and determines the entire
microbial landscape of the gastric flora, i.e., when
Helicobacter pylori (H. pylori) inhabits the stomach as
a commensal, there is a rich diversity constituted by
other dominant genus such as Streptococcus (most
[25,26]
dominant), Prevotella, Veillonella and Rothia
. This

WJG|www.wjgnet.com

diversity shrinks once H. pylori acquire a pathogenic
phenotype. The large intestine constitutes of over 70%
of the all microbes found in the body, and gut flora
that is generally discussed in the context of disease
state by and large implies the colonic flora (especially
those derived from stool metagenomic data). The
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predominant phyla that inhabit the large intestine
include Firmicutes and Bacteroidetes. Traditionally, the
Firmicutes: Bacteroidetes ratio has been implicated
[27]
in predisposition to disease states . However, the
significant variability even in healthy individuals that
has been observed across recent studies makes the
relevance of this ratio debatable. Besides genera from
phyla Firmicutes and Bacteroidetes, human colon
also harbors primary pathogens, e.g., species such
as Campylobacter jejuni, Salmonella enterica, Vibrio
cholera and Escherichia coli (E. coli), and Bacteroides
fragilis, but with a low abundance (0.1% or less of
[6,28]
entire gut microbiome)
. The abundance of the
phylum Proteobacteria is markedly low; and its absence
along with high abundance of signature genera such
as Bacteroides, Prevotella and Ruminococcus suggests
[29]
a healthy gut microbiota . Besides this longitudinal
difference, there also exists an axial difference from
the lumen to the mucosal surface of the intestine.
While Bacteroides, Bifidobacterium, Streptococcus,
Enterobacteriacae, Enterococcus, Clostridium,
Lactobacillus and Ruminococcus are the predominant
luminal microbial genera (can be identified in stool),
only Clostridium, Lactobacillus, Enterococcus and
Akkermansia are the predominant mucosa and mucus
associated genera (detected in the mucus layer and
[30]
epithelial crypts of the small intestine) .
The other way of classifying the gut flora, as
[31]
proposed by the MetaHIT Consortium , is based on
species composition which cluster into well-balanced
host-microbial symbiotic states that is stable over
geography and gender, but can respond differently
to diet and drugs. These clusters have been named
enterotypes. Interestingly, the abundance of molecular
functions however may not correlate with abundance
of species within the enterotypes. Furthermore, as
shown in a recent study on the association of gut
microbiome with atherosclerosis, there may not
be significant changes in the enterotype observed
[32]
in disease conditions . There are broadly three
[29]
enterotypes , namely: Enterotype 1, which has a
high abundance of Bacteroides; Enterotype 2, which
has high abundance of Prevotella; and Enterotype
3 which has high abundance of Ruminococcus. The
bacteria belonging to Enterotype 1 have a wide
saccharolytic potential, as evidenced by the presence
of genes that code for enzymes such as proteases,
hexoaminidases and galactosidases. In view of these
set of enzymatic potential, it appears likely that these
organisms derive energy from dietary carbohydrates
and proteins. Enterotype 2 behave predominantly as
a degrader of the mucin glycoproteins that line the
gut mucosal layer. Enterotype 3 also is associated with
mucin degradation, in addition to membrane transport
of sugars. The enterotypes also possess other specific
metabolic functions. For instance, biotin, riboflavin,
pantothenate and ascorbate synthesis are more
abundantly seen in enterotype 1 while thiamine and
folate synthesis are more predominant in enterotype

WJG|www.wjgnet.com

2. However, the concept of enterotyping does not
explain the relative distribution of different classes of
organisms in different individuals. Since Bacteroides
and Prevotella do not exist in equal proportion in the
gut, the concept of enterogradient based upon the
dominance of either of these two organisms could be
another defining concept. This could explain the interindividual distribution at the class level in a better
[33]
way .

Functional aspects of the normal
gut microbiota
The gut microbiota maintains a symbiotic relationship
with the gut mucosa and imparts substantial me
tabolic, immunological and gut protective functions
in the healthy individual. The gut microbiota, which
derives its nutrient from host dietary components
and shed epithelial cells, is an organ by itself with
an extensive metabolic capability and substantial
[34]
functional plasticity . These characteristics of
the gut microbiome have been rapidly shifting the
research focus from the abundance and diversity of
the microbial members to the functional aspects.
This section provides a brief overview of the major
functions of the normal gut microbiota.

Nutrient metabolism

The gut microbiota largely derives their nutrients
from dietary carbohydrates. Fermentation of the
carbohydrates that escaped proximal digestion and
indigestible oligosaccharides by colonic organisms
such as Bacteroides, Roseburia, Bifidobacterium,
Fecalibacterium, and Enterobacteria result in the
synthesis of short chain fatty acids (SCFA) such as
butyrate, propionate and acetate, which are rich
[35,36]
sources of energy for the host
. This host energy
balance is believed to be mediated via a ligandreceptor interaction of the SCFAs with a G proteincoupled receptor Gpr41. Another enteroendocrine
hormone PYY (Peptide Tyrosine Tyrosine/Pancreatic
Peptide YY3-36) has also been implicated in this
[37]
action . Furthermore, butyrate can prevent the
accumulation of toxic metabolic by-products such as
[38]
D-lactate . Members of the genus Bacteroides, which
are the predominant organisms that participate in
carbohydrate metabolism, perform this by expressing
enzymes such as glycosyl transferases, glycoside
hydrolases and polysaccharide lyases. The best
example among these organisms is Bacteroides
thetaiotaomicron that is endowed with a genome that
codes for over 260 hydrolases, which is far more than
[39]
the number encoded by the human genome . The
oxalate that is synthesized in the intestine as a result
of carbohydrate fermentation and bacterial metabolism
is countered by organisms such as Oxalobacter
formigenes, Lactobacillus species, and Bifidobacterium
species thereby reducing the risk of formation of
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[40,41]

oxalate stone in the kidney
.
The gut microbiota has also been shown to impart
a positive impact on lipid metabolism by suppressing
the inhibition of lipoprotein lipase activity in adipocytes.
Furthermore, Bacteroides thetaiotaomicron is demon
strated to augment the efficiency of lipid hydrolysis by
up regulating expression of a colipase that is required
[42]
by pancreatic lipase for lipid digestion .
The gut microbiota is also enriched with an efficient
protein metabolizing machinery that function via the
microbial proteinases and peptidases in tandem with
human proteinases. Several amino acid transporters
on the bacterial cell wall facilitate amino acid entry
from the intestinal lumen into the bacteria, wherein
several gene products convert the amino acids into
small signaling molecules and antimicrobial peptides
(bacteriocins). Important examples include conversion
of L-histidine to histamine by the bacterial enzyme
histamine decarboxylase, which is coded by the
[43]
bacterial hdcA genes ; and glutamate to γ-amino
butyric acid (GABA) by glutamate decarboxylases,
[44]
which are coded by the bacterial gadB genes .
Synthesis of vitamin K and several components
of vitamin B is another major metabolic function of
the gut microbiota. Members of genus Bacteroides
have been shown to synthesize conjugated linoleic
acid (CLA) that is known to be antidiabetic, antia
therogenic, antiobesogenic, hypolipidemic and have
[45-47]
immunomodulatory properties
. The gut micro
biota, especially Bacteroides intestinalis, and to a
certain extent Bacteroides fragilis and E. coli, also has
the capacity to deconjugate and dehydrate the primary
bile acids and convert them into the secondary bile
acids deoxycholic and lithocolic acids in the human
[48]
colon . The normal gut microbiota has also been
shown to impart a healthy metabolome in the serum
by increasing the concentrations of pyruvic acid, citric
acid, fumaric acid and malic acid, all of which are
[49]
indicators of higher energy metabolism .
Recent studies have shown that human gut mic
robiota is also involved in breakdown of various
polyphenols (phenolic compounds) that are consumed
in the diet. Polyphenolic secondary metabolites are
found in a variety of plants, fruits and plant derived
products (tea, cocoa, wine), for example, flavanols,
flavanones, flavan-3-ols, anthocyanidins, isoflavones,
flavones, tannins, lignans and chlorogenic acids.
Of these, flavanoids and flavanoid sub-families are
most commonly absorbed by the intestine. Poly
phenols exist as glycosylated derivatives bounded
with sugars such as glucose, galactose, rhamnose,
ribulose, arabinopyrinose and arabinofuranose.
Polyphenols, which usually remain inactive in diet are
biotransformed to active compounds after removal
of the sugar moiety by the gut microbiota, among
other factors. Structural specificity of polyphenol
and individual richness of microbiota determines the
level of biotransformation that occur in the intestine.
The final active products are absorbed by the portal
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vein and travel to other tissues and organs, thereby
providing antimicrobial and other metabolic action.
This can be exemplified by the conversion of inactive
isoflavones to the aglycon equol, which has anti[50]
androgenic and hypolipidemic effects . Table 2 shows
an elaborate list of the dietary polyphenols and the gut
[51-69]
microbiota involved in its transformation
.

Xenobiotic and drug metabolism

The capability of the gut microbiome to metabolize
xenobiotics and drugs was first recognized over 40
years back. An increasing body of evidence has now
provided sufficient insights on the role of the gut
microbiota on xenobiotic metabolism, which could have
profound impact on therapy for various diseases in
[70]
future. Recent studies by Clayton et al
have shown
that a gut microbial metabolite p-cresol can reduce the
capacity of the liver to metabolize acetaminophen due
to competitive inhibition of hepatic sulfotransferases.
Furthermore, cardiac glycosides like digoxin have
been recently shown to up-regulate a cytochrome
containing operon in the common organism Egger
thella lenta from the Actinobacteria phyla, which
[71]
results in inactivation of digoxin . Another interesting
example of microbiome induced drug metabolism is
the microbial β-glucoronidase induced deconjugation
of the anticancer drug irinotecan that can contribute
to its toxicities such as diarrhea, inflammation and
[72]
anorexia .

Antimicrobial protection

The requirement of a healthy gut microbiota for normal
homeostasis puts the gut mucosal immune system in
a challenging situation in that it needs to be tolerant to
the beneficial commensals and yet prevent overgrowth
of the resident pathogens. One of the simplest me
chanisms of antimicrobial protection is the presence
of the two-tiered mucus layer, which keeps luminal
microbes away from epithelial contact, predominantly in
the large intestine. Mucus is constituted of a variety of
mucin glycoproteins that are secreted by the intestinal
goblet cells and extend up to 150 μm away from the
[73,74]
colonic epithelium
. The inner layer is denser and
does not contain any organism, while the outer layer
is more dynamic and provides glycans as a source of
[75]
nutrition for the organisms . Other than the mucin
glycoproteins, the goblet cells also produce factors like
trefoil-factor and the resistin-like molecule-β that can
stabilize mucin polymers and thereby maintain barrier
[76,77]
integrity
.
Contrary to the large intestine where the mucus
plays an important role, antimicrobial proteins play
a larger role in the small intestine since the mucus
layer here is discontinuous and inadequate. The
gut microbiota, via its structural components and
metabolites, has been shown to induce synthesis of
antimicrobial proteins (AMP) such as cathelicidins,
C-type lectins, and (pro)defensins by the host Pa
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Table 2 Types of dietary polyphenols present in various foods and the types of microorganisms those are responsible for the
degradation
Polyphenolic
compounds

Classes involved
Kaempferol[51], Quercetin[53], Myricetin[52]

Flavanols
Flavanones
Flavan-3-ols
Anthocyanidins

Hesperetin, Naringenin[54]
Catechin[55], Epicatechin[56],
Gallocatechin[57,58]
Cyanidin[59], Pelagonidin, Malvidin[60]
Daidzein[61,62], Geinstein[63], Formononentin[64]
Luteolin[65], Apigenin[66]

Isoflavones
Flavones
Tannins

Gallo tannins, Ellagitannins[67]

Lignins

Secoisolariciesinol, metaresinol,
pinoresinol, larciresinol, isolarciresinol,
syringiresinol[68]
Caffeic acid, feruic acid[69]

Chlorogenic acids

Foods containing polyphenols

Onions, capers, apples, broccoli, grapes
Bacteroides distasonis, Bacteroides uniformis,
and plums
Enterococcus casseliflavus and Eubacterium ramulus
Citrus fruits and tomatoes
Clostridium sps, E. ramulus
Green tea, cocoa, kola, banana,
Bifidobacterium infantis and Clostridium coccides
pomegranate
Bilberries and all red, blue and purple
Lactobacillus plantarum, L. casei, L. acidophilus
fruits (especially berries)
and Bifidobacterium longum
Soy, beans, lentils, chickpea (Fabaceae family)
Lactobacillus and Bifidobacterium
Cereals, parsley, thyme, celery and citrus
C.orbiscinden, Enterococcus avium
fruits
Raseberries, cranberries, strawberries,
Butyrivibrio sps
walnuts, grapes and pomegranate
Flax seeds, cereals, strawberries, and
Species of Bacteroides, Clostridium,
apricots
Peptostreptococcus and Eubacterium
Peach, plums and coffee

neth cells via a pattern recognition receptor (PRR)
[78,79]
mediated mechanism
. The PRR family includes the
membrane associated TLRs, C-type lectin receptors
(CLRs) such as Dectin-1, and the cytosolic nucleotidebinding and oligomerisation domains (NOD) like
[80]
receptors (NLRs) . The PRRs in turn are activated by
organism specific microbe-associate molecular patterns
(MAMPs), which includes various microbial components
such as peptidoglycan, LPS, lipid A, flagella and
[80,81]
bacterial RNA/DNA, fungal cell wall β-glucans
.
PRR-MAMP (pattern recognition receptor- Microbe
Associated Molecular Patterns) cross-talk results
in activation of several signaling pathways that are
essential for promoting mucosal barrier function,
and production of AMPs, mucin glycoproteins and
IgA. Since the Paneth cells reside in the base of the
small intestinal crypts, concentration of the AMPs are
maximal at this location. Even though the composite
healthy microbiota appears to be a prerequisite for
AMP production, Bacteroides thetaiotaomicron and
Lactobacillus innocua appear to be among the key
[82,83]
individual species that drive this production
.
The organism Bacteroides thetaiotaomicron has
also been shown to induce expression of the matrix
metalloproteinase matrilysin from the Paneth cells,
which subsequently cleaves prodefensin to form active
[84]
defensin . Another example of microbiota-host
interaction in providing antimicrobial protection is the
capability of Lactobacillus sp. to produce lactic acid,
which can augment the antimicrobial activity of host
lysozyme by disrupting the outer membrane of the
[85]
bacterial cell wall . Besides this two-way interactive
mechanism of AMP expression, bacterial metabolic
products such as SCFAs and lithocholic acid have also
been shown to induce the expression of cathelicidin by
mechanisms involving histone deacetylation and MEK/
ERK (Mitogen activated protein kinase/Extracellular
[86-88]
signal regulated kinases) pathway
. The AMPs
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Gut bacteria

E. coli, Bifidobacterium sps and L. gasseri

primarily act by disrupting the surface structures of
both commensals and pathogens.
The other mechanism that the gut microbiota
has evolved is to keep a check on the overgrowth
of pathogenic strains by inducing local immunoglo
bulins. The gut microbiota, especially Gram-negative
organisms like Bacteroides are shown to activate
intestinal dendritic cells (DCs), which induces plasma
cells in the intestinal mucosa to express secretory IgA
[89]
(sIgA) . The sIgA can in turn coat the gut microbiota.
The sIgA that coats the microbiota are predomi
nantly of sIgA2 subclass, which is more resistant to
degradation by bacterial proteases. Furthermore,
the intestinal epithelial cells (IECs) can produce a
proliferation-inducing ligand (APRIL) in a TLR-mediated
bacterial sensing mechanism that can induce class
switching from a systemic sIgA1 phenotype to the
[90]
intestinal mucosal sIgA2 . These mechanisms restrict
the translocation of the microbiota from the intestinal
lumen to the circulation, thereby preventing a systemic
immune response.

Immunomodulation

The gut microbiota contribute to gut immunomodulation
in tandem with both the innate and adaptive
immune systems. The components and the cell types
from the immune system that participate in the
immunomodulatory process includes the gut associated
lymphoid tissues (GALT), effector and regulatory T
cells, IgA producing B (plasma) cells, Group 3 innate
lymphoid cells, and, resident macrophages and dendritic
cells in the lamina propria (Figure 3).
The role of gut microbiota in shaping a normal
GALT is implied by the impaired development of the
Peyer’s patches and isolated lymphoid follicles that are
+
marked by the abundance of IgE B cells instead of
+
[91]
the normally seen IgA B cells . The effector T cell
responses in the intestine have also been shown to be
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Figure 3 Broad schematic representation of cell types and mediators involved in immunomodulation in the gut. Black arrow indicate either physiological
secretion or activation; Red arrow indicates pathological event; Blue arrows with rounded ends indicates pathogen inhibition; ? indicates unknown mechanisms; SFB
indicates short filamentous bacteria.

innate lymphoid cells (ILCs) are capable of responding
[100]
rapidly to epithelium-derived cytokine signals
.
ILCs arise from common lymphoid precursors and
have a cytokine expression pattern that is similar to
that of T helper subsets (particularly Th17 cells); but
the differentiation is more dependent on microbial
[101]
composition rather than somatic recombination
.
Based on the functional properties, ILCs can be divided
into three groups, namely, group 1 [T box expressed
+
in T cells (T-bet) ], Group 2 [Gata binding protein
+
3 (GATA-3) ], and group 3 [retinoid-related orphan
+
+
receptor gamma t (RORγt) ]. Of these, RORγt ILCs
appear to be most closely associated with regulation of
[102]
gut immunity . Even though the precise mechanisms
are unclear, it is speculated that gut microbes could
regulate ILCs both directly and indirectly. Evidence in
favor of the former is provided by the observation that
the bacterial metabolite indole-3-aldehyde stimulates
ILC via the aryl hydrocarbon receptor to induce
[103]
synthesis of IL22
. Indirect mechanism of ILC
regulation, on the other hand, is via the recruitment
+
of other immune cells such as the CX3CR1 intestinal
[104]
macrophages .
The immunomodulatory action of resident macro
phages in the lamina propria is to express pro-IL1β in
the steady state, which aids in the rapid production of
mature IL1β in response to pathogen invasion. MyD-88
dependent mechanisms induced by commensal flora is
essential for this action; while the microbiota regulated
IL-10 production by the macrophages entail MyD-88
[105,106]
independent mechanisms
.
Apart from the gut microbiota, other factors also

primarily controlled by Th2 responses as opposed to
[92]
the Th1 responses . The latter is primarily mediated
by Th1 and Th17 cells under a physiological milieu;
and gut commensals are believed to result in TLRMyD88 signaling mediated activation of IL1β which in
[93]
turn promote development of IL17 .
Intestinal microbiota is also essential for the
+
normal development and function of Foxp3 T
regulatory (Treg) cells. However, the mechanism by
which this is mediated is still not clear. For example,
in the case of certain Clostridium clusters it could be
either independent of PRRs or dependent on My-D88
[94]
dependent mechanisms . In the case of Bacillus
fragilis, induction of Tregs appear to be mediated
[95]
by TLR2 signaling by polysaccharide A . SCFAs,
especially butyrate have also been implicated in the
development and function of Tregs. SCFAs are shown
to activate G-protein coupled receptors expressed by
the IECs and regulate Treg by epigenetic regulation
[96-98]
(increased acetylation) of the Foxp3 locus
.
As mentioned in the previous section, mucosal
plasma cells produce secretory IgA upon induction
by DCs. Though the mechanisms are not clear, it is
speculated that this function is mediated by My-D88
signaling in lamina propria and follicular DCs. My-D88
signaling can be activated by the gut microbiota.
Furthermore, in addition to class switching of sIgA by
APRIL mediated stimulation, the gut microbiota also
stimulate DCs in the Peyer’s patches to secrete TGF-β,
CXCL13, and B-cell activating protein (BAFF), which
[99]
leads to IgA production and class switching .
Another set of innate immune cells, namely the
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play a role in modulation of the gut immune system.
For example, the IECs secrete an isoform of alkaline
phosphatase (intestinal alkaline phosphatase) that
[107]
dephosphorylates the LPS endotoxin
. Another
example is the reduced neutrophil recruitment into
the intestinal lumen in response to tumour necrosis
factor-α (TNF-α). This action is mediated by the
[107]
intestinal alkaline phosphatase
. Furthermore, an
immunoprotective mechanism that is acquired at birth
and is seen predominantly with vaginal delivery is the
down regulation of IL-1 receptor-associated kinase
[108]
(IRAK-1), which acts through TLR4 .

FACTORS AFFECTING VARIATIONS IN
THE NORMAL GUT MICROBIOTA
Several factors contribute to the shaping of the healthy
gut microbiota; and this continues dynamically all
throughout the life of an individual.

Age

Even though it is widely believed that the gut gets
colonized by microbes immediately after birth, there
is emerging evidence that the infant gut could be
[119]
colonized by organisms even in utero
. 16S rRNA
based sequencing studies have revealed that the
first meconium is rich in genera such as EscherichiaShigella, Enterococcus, Leuconostoc, Lactococcus, and
[120]
Streptococcus . Nevertheless, it is now clear that the
first microbiota profile is largely shaped by the mode
of delivery. The intestines of infants born vaginally
are initially colonized by organisms from the maternal
vagina, which is best exemplified by the organisms
[121]
from the genera Lactobacillus and Prevotella
. On
the contrary, in cesarean delivery mostly the maternal
skin flora colonizes the infant’s intestine, as exemplified
by the dominance of Streptococcus, Corynebacterium,
[119,121]
and Propionibacterium
. The initial milieu of
the infant’s gut microbiota after primary inoculation
appears unstable and devoid of diversity; but with
time it stabilizes, diversifies, and acquires 40%-60%
similarity with the adult microbiota by the age of 3
[122]
years
. On the contrary, studies have also shown
that young children and adolescents could demonstrate
significant differences in proportions of Bacteroides
[123,124]
and Bifidobacterium compared to adults
. The gut
microbiota by and large rest in a stable state from the
rd
th
3 to the 7 decade of life, even though proportions
of Bifidobacteria, Firmicutes, and Fecalibacterium
prausnitzii tend to decrease with an increase in E.
[125-127]
coli, Proteobacteria and Staphylococcus
. Few
of the functional impacts of the temporal alteration in
the normal gut flora include a reduced capability to
synthesize vitamin B12, reduced activities of microbial
reductases, increased tendency for DNA alterations,
[128]
elevated stress response, and immune dysfunction .
Although the initially developing microbiota is largely
influenced by the type of feed (breast milk or formula
feeds) after primary inoculation, the temporal alte
ration is affected by dietary patterns, lifestyle, life
events, and environmental factors including antibiotic
[1]
use .
In pre-term infants, bacteria that colonize the gut
include Bifidobacterium and Lactobacillus and basically,
these differ depending on the type of feeding habits.
In formula-fed infants, Enterococcus, Enterobacteria,
Bacteroides, Clostridia, and other anaerobic Strep
tococcus dominates the gut niche; whereas, in

Integrity of the gut barrier and structure of the
gastrointestinal tract

Currently there is a convincing body of evidence that
supports the role of the gut microbiota in maintaining
the structure and function of the gastrointestinal tract.
Bacteroides thetaiotaomicron is reported to induce
expression of the small proline-rich protein 2A (sprr2A),
which is required for maintenance of desmosomes
[109]
at the epithelial villus
. Another mechanism that
maintains the tight junctions is by TLR2 mediated
signaling that is stimulated by the microbial cell wall
[110]
peptidoglycan
. Furthermore, the Lactobacillus
rhamnosus GG strain produces two soluble proteins
namely p40 and p75 that can prevent cytokine
induced apoptosis of the intestinal epithelial cells in an
epithelial growth factor receptor (EGFR) and protein
[111]
kinase C (PKC) pathway dependent manner
. The
endocannabinoid system is yet another entity that
regulates gut microbiota mediated maintenance of the
gut barrier function. E.g., the Gram negative bacteria
Akkermansia muciniphilia can increase the levels of
endocannabinoids that control gut barrier functions by
[112]
decreasing metabolic endotoxemia .
The gut microbiota contributes to structural
development of the gut mucosa by inducing the
transcription factor angiogenin-3, which has been
implicated in the development of intestinal micro
[113]
vasculature . This is also supported by a significant
reduction of villus capillary network in germ-free (GF)
mice, which in turn can impair nutrient digestion and
absorption. Other evidence that support role of gut
microbiota in maintaining structure and function is
obtained from GF mice that have a lower intestinal
[114]
surface area
, thin villi (secondary to lower re
[115]
[116]
generation)
, increase cell cycle time
and im
[117]
paired peristalsis
. The gut microbiota can also
modulate mucosal glycosylation patterns that are
microbial attachment sites both at the cell surface and
subcellular levels. For example, a signaling molecule
secreted by the organism Bacteroides thetaiotaomicron
can stimulate expression of the carbohydrate moiety
[118]
fucose on the cell surface glycoconjugates .
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[138]

breast-fed infants Bifidobacterium and Lactobacillus
dominates. Breast milk contains indigestible glycans
termed as human milk oligosaccharides (HMO) which
are easily broken down by these bacteria. Pre-term
microbiota are said to maintain the gut associated
lymphoid tissue (GALT), and is involved in generating
the innate immunity during development. Therefore,
abnormal colonization of the gut microbiota may result
[129,130]
in pediatric diseases because of poor immunity
.

Eubacterium rectale
. It was recently shown that
a 4-d administration of animal-based diet resulted
in a decrease in the abundance of Firmicutes; and
an increase in that of bile-tolerant organisms such
as Alistipes sp. and Bacteroides sp. from the phylum
Bacteroidetes and Bilophila sp. from the phylum
Proteobacteria. This indicates that even very short
dietary manipulations can have substantial impact on
[139]
the gut microbiota .
Several studies have shown that there are sig
nificant geographic and seasonal variations in the
gut microbiome. However, these differences were
also associated with a difference in dietary patterns.
For example, it was demonstrated that rural African
children had a higher abundance of Prevotella, while
children from Europe had higher proportions of
[140]
Bacteroides . Even though Prevotella and Bacteroides
are taxonomically and functionally similar, higher
abundance of Prevotella indicates an agrarian diet
that was consumed by the African children. On the
contrary, the children from Europe consumed a western
diet rich in animal protein, sugar, starch and poor in
fibers, which is marked by the higher abundance of
Bacteroides. Furthermore, it was also shown that the
relative abundance of the phylum Actinobacteria was
significantly higher in Hutterites during winter season
compared to that during summers. This could be
ascribed to the higher intake of meat-based diet in
winter when compared to the fresh, carbohydrate and
[141]
fiber rich diet that was consumed during summer .
Dietary polyphenols, besides their systemic anti
microbial and metabolic functions, also play a role in
the inhibition of gut bacteria. While the polyphenolic
compound querectin is degraded by Bacteroides
distasonis, Bacteroides uniformis, Bacteroides ovatus,
Enterococcus casseliflavus, and Eubacterium ramu
lusare the compound that degrade this flavanol,
hesperetine (a rutinoside containing aglycon), is poorly
degraded by the colonic microbiota. This aglycon has
an inhibitory activity against vancomycin- intermediate
[142]
Staphylococcus aureus and H. pylori .
Seaweeds are active resources with bioactive
compounds with various biological activities such as
antibacterial, anti-oxidant, anti-inflammatory, anticoagulant, anti-viral and apoptotic activity. They
are rich source of fiber with nearly 50%-60% of
water soluble fibers, and are also rich in sulfated
polysaccharides such as porphyrans, and agarases.
Few species of red sea weeds like Palmaria decipiens
and Pterocladiella capillacea contains sulfated
polysaccharides and uronic acids (i.e., xylans and
[143]
xylogalactans) respectively
. Several human and
rat studies have demonstrated a significant shift in the
gut microbiota upon the use of seaweeds as a food
supplement. In humans, supplementation of Gelidium
seaweed has significantly increased the expression
of Bifidobacterium genera, without any change in the

Diet

The earliest effect on the gut microbiota, after the mode
of delivery, is the early infant diet, i.e., breast milk and
formula feeds. Several studies have shown substantial
differences in the gut microbial composition between
breast-fed and formula-fed infants. It is important
to understand the effect of breast milk and formula
feeds on the gut microbiota since there has been an
increasing trend of moving away from breast-feeding by
modern day mothers. Besides meeting the nutritional
and physiological demands of the infant, breast milk
also contains several bioactive compounds that are not
available in formula-feeds. These compounds have a
significant role in nutrient digestion and absorption,
[131,132]
immune protection and anti-microbial defense
.
HMOs provide nutrition to the colonic bacteria of the
infant, thereby providing a selective growth advantage
[133]
for Bifidobacterium sp.
. This has been observed
at a significantly higher abundance in breast-fed
infants compared to that in formula-fed infants. These
organisms ferment dietary oligosaccharides resulting in
health promoting SCFAs such as butyrate, and modulate
[134]
the host immune system to express IgG
. Studies
have shown that several strains of Bifidobacterium,
especially the Bifidobacterium longus subs infantis
contain unique gene cluster (HMO-related gene cluster
1) that codes for difference glycosidases (sialidase,
fucosidase, hexosaminidase and galactosidase) and
carbohydrate transporters that are capable of importing
[134]
and metabolizing HMOs
. On the contrary, the
abundance of anaerobic organisms like Bacteroides
sp. and Clostridium sp. is lower in breast-fed infants
[135-137]
as compared to formula-fed ones
. Even though
Bacteroides sp. can also digest HMO, the abundance
of Bifidobacterium is higher in breast-fed infants, thus
pointing towards competitive relationship between these
two organisms in favor of Bifidobacterium in breast-fed
infants.
Diet continues to be the most important deter
minant in shaping the composition, diversity and
richness even throughout adulthood. In general,
intake of diet rich in fruits, vegetables and fibers is
associated with a higher richness and diversity of
the gut microbiota. Individuals consuming this kind
of a diet have a higher abundance of the insoluble
carbohydrate metabolizing organisms of the Firmicutes
phylum such as Ruminococcus bromii, Roseburia and

WJG|www.wjgnet.com

8796

August 7, 2015|Volume 21|Issue 29|

Jandhyala SM et al . Gut microbiota in health
others. There was also an increase in the production of
[144]
the SCFA’s . Another study conducted on Japanese
populations explained the transfer of porphyranases
and agarases to the gut bacteria Bacteroides plebius
[145]
through carbohydrate active enzymes (CAZymes) .
These studies points towards the feasibility the use of
sea weeds as a potential prebiotic.

indicated the reduction of microbial diversity by 25%
and the core taxa from 29 to 12 with an increase in the
[153]
Bacteroidetes: Firmicutes ratio . The major concern
that stems out of use of broad-spectrum antibiotics,
besides alteration of the normal gut microbial diversity,
is the phenomenon of propagating the resistance strain
[154,155]
via horizontal gene transfer
. Bacterial species
are capable of transferring mutant genetic information
across different species through mechanisms such
as conjugation, phage transduction and natural
transformation. The gene transfer could also be via
transposons and integrin. Interestingly, it has been
shown that among different environments, the human
gut associated microbiota has 25 times more likelihood
[156]
of having horizontal gene transfer . This would result
in development of a reservoir state of resistance genes,
and therefore mandates extreme care in the use of
broad spectrum antibiotics.

Antibiotics

Even though study on antibiotics in general have
centered around their bactericidal and bacteriostatic
activities against pathogens, recent years have seen
several studies on their effect on gut bacterial ecology
in a holistic manner. A strong body of evidence has
now clearly demonstrated that use of antibiotics
does have several short and long-term implications
in the ecology of the normal gut microbiota. It has
been shown that multi-drug resistant bacterial genes
have been prevalent for thousands of years before
the advent of antibiotics, indicating an influence of
exposure to small molecules from the environment
[146]
with growth inhibitory properties
. This could also
be secondary to a dysbiotic commensal microbiota
that could further augment the development of
[147]
resistance genes . This culminates in uncoupling of
the mutualistic relationship between the healthy gut
microbiota and the host intestinal milieu.
One of the major properties of the healthy gut
microbiota against pathogen is the capability to
[148]
cause competitive exclusion
. It was demonstrated
around four decades ago that antibiotics could result
in disruption of the competitive exclusion machinery
that resulted in Salmonella infection immediately after
antibiotic therapy. One of the possible mechanisms of
this kind of event could be a loss of the wide network
of interspecies interactions within the microbiota that
increase the abundance of host-derived sialic acid which
is growth promoting for pathogens such as Salmonella
[149]
typhimurium and Clostridium difficile . Major changes
in the gut microbiota in response to antibiotics include
diminished taxonomic diversity and persistence of the
changes in a substantial proportion of individuals. It
has been shown that the effect of even short-term use
(7 d) of broad-spectrum antibiotics with predominant
anaerobic coverage (e.g., Clindamycin) could last up to
2 year, with a persistent non-recovery of the diversity
[150]
of Bacteroides
. Similarly, a short course H. pylori
eradication with clarithromycin containing triple therapy
resulted in a dramatic reduction in the diversity of
Actinobacteria with a thousand-fold increase in the
[151]
ermB resistance gene . This persisted for over 4-years
in a proportion of these patients, while it recovered
in the others. The effect of ciprofloxacin, which has
predominantly Gram-positive coverage, is relatively
short-lived with abrupt reduction of Ruminococcus
[152]
sps. . Another recent study that evaluated the role
of short course (7 d) of ciprofloxacin and beta-lactams

WJG|www.wjgnet.com

Probiotics, Prebiotics and
Synbiotics
The World Health Organization defines probiotics
as live microorganisms that can provide benefits
to human health when administered in adequate
amounts. Several species such as Lactobacillus casei,
Lactobacillus planatarum, Lactobacillus bulgaricus,
Lactobacillus acidophilus, Bifidobacterium longum,
Bifidobacterium infantis, Streptococcus thermophilus,
E. coli strain Nissle 1917, to name a few have been
shown to impart immunomodulatory and gut barrier
functions. These and several others have been used
commercially in the management of human illnesses
e.g., IBD and antibiotic associated diarrhea. The
fundamental concept of using these organisms in
the treatment armamentarium is mimicking the
physiological health promoting functions of the
“good” bacteria. Addition of a prebiotic could possibly
augment the effect of the probiotics. Prebiotics are
defined as food ingredients that contain non-digestible
oligosaccharides (e.g., galactooligosaccharides and
inulin); and a probiotic and prebiotic are together
called a synbiotic. The gut bacteria selectively ferment
these fibers resulting in the synthesis of SCFAs, which
in turn imparts the pro-health effects (vide supra). A
detailed discussion on pro- and prebiotics is out of the
scope of this review since it deals predominantly on a
normal gut microbiota. Nevertheless, we believe that
even though dietary fibers and healthy gut microbiota
are known to promote health, use of synbiotics for
maintenance of health needs to be studied with much
robustness before using them commercially as health
[157,158]
promoters
.
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MINIREVIEWS

Microscopic colitis: A review of etiology, treatment and
refractory disease
Tina Park, David Cave, Christopher Marshall
nonbloody diarrhea. Microscopic colitis is more common
in women than men and usually affects patients in
their sixth and seventh decade. This article reviews
the etiology and medical management of microscopic
colitis. The etiology of microscopic colitis is unknown,
but it is associated with autoimmune disorders, such
as celiac disease, polyarthritis, and thyroid disorders.
Smoking has been identified as a risk factor of mi
croscopic colitis. Exposure to medications, such as
non-steroidal anti-inflammatory drugs, proton pump
inhibitors, and selective serotonin reuptake inhibitors, is
suspected to play a role in microscopic colitis, although
their direct causal relationship has not been proven.
Multiple medications, including corticosteroids, antidiarrheals, cholestyramine, bismuth, 5-aminosalicylates,
and immunomodulators, have been used to treat
microscopic colitis with variable response rates.
Budesonide is effective in inducing and maintaining
clinical remission but relapse rate is as high as
82% when budesonide is discontinued. There is
limited data on management of steroid-dependent
microscopic colitis or refractory microscopic colitis.
Immunomodulators seem to have low response rate
0%-56% for patients with refractory microscopic colitis.
Response rate 66%-100% was observed for use of
anti-tumor necrosis factor (TNF) therapy for refractory
microscopic colitis. Anti-TNF and diverting ileostomy
may be an option in severe or refractory microscopic
colitis.
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Core tip: The etiology of microscopic colitis (MC)
is unknown. There is a strong association with
autoimmune disorders, smoking, and medications,

Abstract
Microscopic colitis is a common cause of chronic,
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such as non-steroidal anti-inflammatory drugs, proton
pump inhibitors, and selective serotonin reuptake
inhibitors. There are no societal guidelines on how to
manage patients with MC. Data is strongest for the
use of budesonide. Budesonide can rapidly induce
clinical remission but relapse occurs frequently after
discontinuation of budesonide. Anti-diarrheals may
be used alone in mild MC or in conjunction with other
therapies in moderate to severe MC. There is limited
data on management of steroid-dependent or refractory
MC but anti-TNF and diverting ileostomy may be options.

A

Park T, Cave D, Marshall C. Microscopic colitis: A review of
etiology, treatment and refractory disease. World J Gastroenterol
2015; 21(29): 8804-8810 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i29/8804.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8804
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INTRODUCTION
Microscopic colitis (MC) is a common cause of chronic,
nonbloody diarrhea. Up to 10%-20% of chronic
diarrhea is thought to be secondary to MC. The
incidence of MC in Sweden, Spain, and Iceland from
the 1990s ranged from 1.1 to 5.2 per 100000 person[1]
years . In a population based cohort study conducted
from 1985 to 2001 in Olmsted County, Minnesota,
the incidence of CC was 3.1 per 100000 and that
[1]
of LC was 5.5 per 100000 . Poisson regression
analysis showed that the incidence of MC increased
over time, and the incidence of MC by the end of
[1]
2001 was 19.6 per 100000 . MC typically affects
patients in their 50-60 s and occurs more frequently
in women than men. The diagnosis is made by both
clinical history and endoscopic biopsies. While chronic
watery diarrhea is the most common symptom, some
patients with MC may also experience abdominal pain,
fecal incontinence, and/or weight loss. Colonoscopy
generally reveals normal colonic mucosa but colonic
biopsy shows classic histological features: > 20
intraepithelial lymphocytes per 100 epithelial cells in
lymphocytic colitis (LC) and 10-20 μm of a thickened
subepithelial collagen band in collagenous colitis (CC)
(Figure 1). Inflammation in the lamina propria, with
mainly mononuclear cells, may be seen in CC. Other
etiologies, such as celiac disease, inflammatory bowel
disease, and infectious colitis should be ruled out.

C

Figure 1 Colonic biopsy. A: Lymphocytic colitis, hematoxylin and eosin stain.
The key histological feature is increased number of intraepithelial lymphocytes
with little or no crypt architectural distortion. The presence of > 20 intraepithelial
lymphocytes per 100 surface epithelial cells is diagnostic of lymphocytic colitis
(LC)[2]. Fewer than 5 intraepithelial lymphocytes per 100 surface epithelial
cells are considered normal [2]. Inflammatory infiltration usually consists of
lymphocytes and plasma cells but eosinophils and neutrophils may also be
present; B: Collagenous colitis, hematoxylin and eosin stain. The black arrow
points to the thickened subepithelial collagen band. Band thickness is 10-20
[2]
μm in collagenous colitis (CC) . Collagen band thickness < 3 μm is considered
normal[2]; C: Collagenous colitis, trichrome stain. Collagen stains blue on
trichrome stain. Trichrome stain can be useful when it is difficult to determine
the thickness of collagen band on hematoxylin and eosin stain. This picture
demonstrates a thickened subepithelial collagen band.

ETIOLOGY

disease. While no specific genetic mutations have been
identified as direct cause of MC, some studies have
found common genetic abnormalities. For instance,
there is an increased prevalence of human leukocyte
antigen (HLA) DR3 DQ2 allele in patients with MC,
and metalloproteinase 9 gene variations have been
[3]
associated with CC .
Smoking is a risk factor for MC. In a prospective,

The etiology of MC is unknown. There is a strong
association with autoimmune disorders, such as
celiac disease, polyarthritis, and thyroid disorders
(Table 1). Up to twenty to 60% of patients with LC
and 17%-40% of patients with CC have autoimmune
[2]
disease . In fact, histological features of MC in the
colon are present in 30% of patients with celiac

WJG|www.wjgnet.com

8805

August 7, 2015|Volume 21|Issue 29|

Park T et al . Etiology and management of microscopic colitis
to patients without MC who underwent routine
screening/surveillance colonoscopy, suggesting role
[8]
of Th1 immune response in MC . There was a trend
towards increased level of interleukin-13 in patients
with MC but interleukin-13 levels were not significantly
[8]
different between MC and non-MC patients . There
was no difference in interleukin-8 level between the two
[8]
groups . Mucosal mRNA levels of interferon-gamma
and interleukin-15 were 100 times greater and tumor
necrosis factor alpha was 60 times greater in patients
with MC as compared to patients with irritable bowel
syndrome with diarrhea predominance, also supporting
the role of Th1 immune response, which may be
triggered by an unknown luminal antigen and ultimately
[9]
leads to MC in susceptible individuals .

Table 1 Factors associated with microscopic colitis
Autoimmune disorder (type 1 diabetes, rheumatoid arthritis, celiac
disease, thyroid disorders)
Nonsteroidal anti-inflammatory drugs
Proton pump inhibitors
Serotoin reuptake inhibitors
Statins
Beta-blockers
Smoking

case-control study conducted from 2007 to 2010 in
Spain involving 255 patients, smoking was significantly
associated with LC and CC (OR = 3.8 in LC, OR =
[4]
2.4 in CC) . Swedish study conducted by Vigren et
[5]
al also showed that smoking is associated with CC.
Thirty-seven percent of patients with CC were smokers
as compared to only 17% of patients in the control
group (OR = 2.95). Subgroup analysis showed that
the association of smoking with CC was most notable
in the age group 16-44; 75% of patients in this age
group were smokers as compared to 15% in the
control group (odd ratio: 16.54). Smokers develop MC
[6]
earlier than nonsmokers by a median of 14 years .
Medications are often implicated as a cause of MC.
Non-steroidal anti-inflammatory drugs (OR = 4.6 in
LC, OR = 3.8 in CC), proton pump inhibitors (OR = 2.7
in LC, OR = 6.4 in CC), selective serotonin reuptake
inhibitors (OR = 17.5 in LC), and beta-blockers (OR =
[4]
3.6 in CC) are strongly associated with MC (Table 1) .
A population-based case-control study using a Dutch
primary care database assessed the risk of MC from
exposure to medications compared with community
control as well as with colonoscopy control where
subjects had negative colonoscopy and negative
[7]
histology for MC . This study showed that current use
of proton pump inhibitor (OR = 10.6) and nonsteroidal
anti-inflammatory drugs (OR = 5.6) significantly
[7]
increased the risk of MC . Diclofenac was the most
commonly used non-steroidal anti-inflammatory
drug, and omeprazole was the most commonly
used proton pump inhibitor in this study. Selective
serotonin reuptake inhibitors, beta-blockers, and ACE
inhibitors increased the risk of MC when compared
with community controls, but not when compared with
[7]
colonoscopy controls .
A more recent theory centers around bacterial
translocation in the gastrointestinal tract. Bacterial
antigens or toxins are suspected to increase infla
mmatory mediators in the colonic mucosa, leading to
increased mucosal permeability, increased cytokines,
degradation of the collagen matrix, and dysregulation
of intestinal subepithelial myofibroblasts. No spe
cific organisms have been identified in causing or
exacerbating MC. Analysis of colonic biopsies of
patients with MC demonstrated an increased amount
of interferon-gamma, tumor necrosis factor alpha,
and interleukin-1β in patients with MC as compared
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MANAGEMENT
There are no society guidelines on how to best manage
patients with MC. While some provider will start with
the most benign recommendations including lifestyle
changes and work their way up to anti-diarrheals
and steroids, others will go right to the most effective
medications.

Lifestyle changes

As an initial approach, a thorough history should be
taken in order to corroborate a temporal relationship
between starting a new medication and the onset of
symptoms. If suspected, offending medications should
be discontinued if possible. Smoking cessation should
also be encouraged.

Anti-diarrheal medications (loperamide, diphenoxylate/
atropine)

There are no randomized controlled trials comparing
efficacy of antidiarrheals against placebo or other
medical therapy for MC. A retrospective registry review
of 163 patients with CC showed a 71% efficacy rate
[10]
(49 out of 69 patients) of loperamide . Consensus is
that anti-diarrheals may be used alone in mild MC or in
conjunction with other therapies in moderate to severe
MC to reduce frequency of diarrhea.

Bismuth

In an animal study, bismuth subsalicylate and bis
muth subcitrate enemas significantly reduced the
macroscopic and microscopic appearance of the 2, 4,
6-trinitrobenzene sulfonic acid (TNBS)-induced colitis
in rats compared to TNBS-induced rats treated with
[11]
saline enemas . TNBS-induced colitis is a model
for chronic inflammation and ulceration seen in
inflammatory bowel disease rather than MC; therefore,
this animal study does not directly demonstrate benefit
of bismuth in MC. However, its effect on reduction
of microscopic injury scores can be used to infer its
benefit in MC. A prospective study of 12 patients with
MC treated with bismuth subsalicylate 262 mg/d for
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8 wk showed a 92% rate of clinical remission and a
[12]
75% rate of histological resolution of MC . Mean time
to response was 2 wk. At 7-28 mo follow-up, 75% of
patients remained in remission.

Similar randomized controlled trials comparing
induction of budesonide followed by maintenance
with budesonide vs placebo have shown high clinical
remission rate 77%-96% in budesonide group (Table
[17]
2). A Cochrane review by Chande et al showed that
the pooled odds ratio: for inducing clinical response
with budesonide was 12.32 (95%CI: 5.53-27.46) and
for maintaining clinical response was 8.82 (95%CI:
[17]
3.19-24.37) . The number needed to treat was 2
for each outcome. Additionally, patients treated with
budesonide had a higher rate of complete response
than those treated with prednisone (82.5% vs 52.9%;
OR = 4.18; 95%CI: 1.3-13.5) and were less likely to
recur than those treated with prednisone (HR = 0.38;
[18]
95%CI: 0.18-0.85; P = 0.02) .
A multicentered, randomized controlled trial of 92
patients comparing budesonide, mesalamine, and
placebo for MC showed that budesonide was more
effective than mesalamine (80% vs 44%, P = 0.0035)
and placebo (80% vs 59.5%, P = 0.072) in inducing
[15]
clinical remission at 8 wk . Histological remission rate
was the highest in patients treated with budesonide
(87%) as compared to mesalamine (45%) and
[15]
placebo (50%) . The rates of adverse events were
similar among budesonide, mesalamine, and placebo
[15]
groups (47%, 68%, 54%) . The most frequent
adverse events were nasopharyngitis, headaches, and
dyspepsia.
Although budesonide has been shown to rapidly
induce clinical response, relapse occurs frequently
after discontinuation of budesonide. Relapse rate
is estimated to be as high as 26%-82% (Table 2).
Median time to relapse after stopping active treatment
[19]
was 39 d . Patients with baseline diarrhea frequency
> 5 per day (HR = 1.67), duration of diarrhea > 12 mo
(HR = 1.82), and absence of budesonide maintenance
therapy (HR = 2.73) were found to be at highest risk
[20]
for relapse . Other factors associated with relapse
were advanced age (P = 0.047), a higher number
of bowel movements per day at randomization after
induction period (P = 0.009), and a higher number of
[16]
bowel movements per day at baseline (P = 0.041) .

Cholestyramine

There are no randomized controlled trials demon
strating efficacy of cholestyramine for MC. In a small
retrospective study involving 27 patients with CC, 12
out of 27 (44%) patients were found to have abnormal
bile acid absorption. Eleven out of these 12 patients
(92%) reported improvement in diarrhea within one
week when treated with bile acid binding agents
(cholestyramine 4 g 2-3 times per day, or colestipol 5
g 2-3 times per day if the patients could not tolerate
[13]
the smell or taste of cholestyramine) . Ten out of 15
(67%) patients with CC and normal bile acid absorption
reported improvement in diarrhea when treated with
[13]
bile acid binding agents . Overall, 78% of patients
with CC experienced improvement in diarrhea with bile
acid binding agents. In a retrospective registry review
of patients with CC, cholestyramine was effective in 26
[10]
out of 44 patients (59%) .

Aminosalicylates (5-aminosalicylic acid)

In a study of 64 patients with MC treated with
mesalamine 2.4 g/d vs mesalamine 2.4 g/d plus
cholestyramine 4 g/d for 6 mo, the rates of remission
were similar between the two groups. Eighty four
percent of patients experienced clinical remission
[14]
within the first 2 wk of treatment . Clinical remission
occurred earlier in patients treated with mesalamine
plus cholestyramine than those treated with mesalamine
alone.
Other studies have demonstrated little benefit of
aminosalicylates. In a double-blinded, randomized
placebo-controlled trial of 92 patients comparing efficacy
of budesonide, mesalamine, and placebo, interim
analysis found mesalamine to be less effective than
placebo in inducing clinical remission and the review
[15]
board recommended closure of this study arm . The
rate of clinical remission was 44% in mesalamine group
[15]
and 59.5% in placebo group at 8 wk .

Immunomodulators

Corticosteroids

Immunomodulators, such as azathioprine, 6-mercap
topurine, and methotrexate, have been tried in
patients with refractory MC or steroid dependent MC
(Table 3). There are no randomized controlled trials
studying efficacy of these medications for MC, and
data on use of these medications for refractory MC is
limited.
In a small study of 9 patients with CC who were
intolerant or nonresponsive to budesonide, the
patients were treated with methotrexate 15-25
mg/wk subcutaneously for 12 wk. Four of 9 patients
discontinued methotrexate due to adverse effects
(nausea, allergic reaction, worsening diarrhea), and
none of the patients achieved clinical remission at

A number of medications have been studied to induce
clinical remission, and the evidence is strongest for
the use of budesonide. A prospective, double-blinded,
randomized controlled trial comparing induction
of budesonide (9 mg/d for 4 wk, 6 mg/d for 2 wk,
alternating doses of 6 and 3 mg/d for 2 wk) followed
by maintenance dose of budesonide (alternating
6 and 3 mg/d) vs placebo for 1 year showed that
maintenance of clinical remission rate was higher in
budesonide group (61.4%) than in the placebo group
[16]
(16.7%) . Clinical remission rate after induction
period was 84.5% and the median time to remission
[16]
was 10.5 d .
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Table 2 Summary of studies demonstrating efficacy of budesonide for treating microscopic colitis
Number of
patients

Mean age (yr)

Miehlke et al[31], 2008

48

57.5

Bonderup et al[19], 2009

34

62.8

Miehlke et al[15], 2014

92

58.8

Münch et al[16], 2014

92

56.7

Treatment

1

Remission rate

Relapse rate

2

Budesonide 9 mg/d for 6 wk, followed by
Short-term 96%
26% vs 65% placebo,
budesonide 6 mg/d vs placebo for 6 mo Long-term 74% vs 35% placebo,
P = 0.022
P = 0.008
Budesonide 9 mg/d for 6 wk, followed by
Long-term
53%
budesonide 6 mg/d vs placebo for 24 wk 76.5% vs 12% placebo, P < 0.001
Budesonide 9 mg/d vs placebo for 8 wk
At 8 wk,
35%
80% vs 59.5% placebo, P = 0.072
Budesonide 9 mg/d for 8 wk, followed by
Short-term 84.5%
82.1% vs 12.5%
Long-term
budesonide 4.5 mg/d vs placebo for 6 mo
placebo
61.4% vs 16.7% placebo, P < 0.001

1

Short-term remission rate is within 6 wk during induction phase. Long-term remission rate is at 6 mo of maintenance therapy, unless otherwise specified;
After discontinuation of therapy.

2

Table 3 Response rate to immunomodulators and anti-tumor necrosis factor for severe or refractory microscopic colitis
Number of
patients

Mean age (yr)

Münch et al[22], 2013
Pardi et al[30], 2001
Münch et al[21], 2013
Esteve et al[25], 2011

46
9
9
4

59
62
62
59

Münch et al[26], 2012

3

55

Pola et al[24], 2013

1

58

Treatment

Duration of
therapy

Azathioprine or 6-MP 2 mg/kg per day
Variable, 1-57 mo
Azathioprine or 6-MP 2 mg/kg per day
26 mo
Methotrexate 15-25 mg/wk
12 wk
Infliximab 5 mg/kg at 0, 2, 6 wk then every 6-8 wk
Variable, 5-14 mo
intravenously
Adalimumab induction1 then 40 mg subcutaneously every
6 wk
2 wk
Infliximab 5 mg/kg at 0, 2, 6 wk then every 8 wk
6 mo
intravenously

Response rate
41%
56%
0%
75%
66%
100%

1

Adalimumab induction: 160 mg (week 0), 80 mg (week 2), and 40 mg (week 4).

[21]

week 12 .
A multicentered European study showed 41%
overall response rate to thiopurines (azathioprine
or 6-mercaptopurine) in patients who were steroid
dependent or failed other medical therapy, such as
loperamide, cholestyramine, budesonide, mesalamine,
[22]
and methotrexate . Nine patients with steroid
intolerance, refractoriness, or dependence were treated
with azathioprine 2 mg/kg per day and were followed
for 26 mo. Eight out of 9 patients (89%) had complete
(56%) or partial (33%) response to azathioprine and
were able to discontinue corticosteroids. One out of
9 patients (11%) had persistent severe diarrhea and
required an ileostomy.

to diphenoxylate/atropine, loperamide, bismuth,
mesalamine, cholestyramine, octreotide, alosetron,
tincture of opium, and Boswellia serrata extract was
treated with infliximab 5 mg/kg and methotrexate
12.5 mg per week. After 6 mo, the patient remained
[24]
asymptomatic and free of corticosteroids .
Several small case series also demonstrated im
provement. Long-term remission (more than 1 year)
was achieved in 3 out of 4 patients with refractory
[25]
MC who were treated with anti-TNF . One patient
developed Stevens Johnson syndrome after starting
infliximab and relapsed when switched to adalimumab;
therefore, anti-TNF was discontinued. The patient
underwent colectomy. In another series, three patients
with MC who failed loperamide, cholestyramine,
budesonide, and methotrexate were treated with
adalimumab. All 3 patients achieved clinical remission
at week 6 but 1 patient stopped therapy due to
[26]
adverse effects (vomiting, abdominal pain) .

Anti-tumor necrosis factor

There are no randomized controlled trials studying
efficacy of anti-tumor necrosis factor (TNF) for
refractory MC, but there are multiple case reports of
clinical response after induction therapy with either
[23]
infliximab or adalimumab (Table 3). Aram et al
reported a patient with lymphocytic enterocolitis who
failed corticosteroids, antibiotics, cholestyramine,
azathioprine, and tincture of opium. This patient was
treated with infliximab 5 mg/kg at 0, 2 and 6 wk with
resolution of diarrhea. There was a report of a patient
with steroid-dependent MC who failed to respond
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Diverting ileostomy

There are case reports of patients successfully
undergoing colectomy or diverting ileostomy for
refractory and severe MC. The observational trend
from these case reports is that both symptoms and
histology improve after surgery but can recur when
bowel continuation is restored.
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In one case report, a 33 year-old patient with 5
years of chronic diarrhea from CC not responsive to
Asacol and prednisone underwent total protocolectomy
followed by ileal pouch anal anastomosis. At 2 year
follow-up, she was having multiple bowel movements
per day but diarrhea resolved and she was able to
[27]
return to full-time job .
In another, a 59 year-old patient with CC who
previously failed loperamide, prednisolone, budesonide,
5-aminosalicylic acid, cholestyramine, and norfloxacin
[28]
underwent loop ileostomy . Two to 4 mo after
loop ileostomy, colonic biopsies showed resolution
of subepithelial damage, but her clinical course was
complicated by Clostridium difficile infection and
problems with the stoma. One year later, the patient
improved clinically and loop ileostomy was closed.
The patient started budesonide 6mg daily after bowel
restoration but relapsed with symptoms of CC.
In a series of patients, nine patients with MC re
fractory to medical therapy (sulfasalazine, mepacrine,
corticosteroids, mesalamine, cholestyramine,
loperamide, metronidazole) underwent ileostomy in
[29]
between 1981-1992 . All patients experienced clinical
and histological remission. The ileostomy was taken
down in 5 patients after a diversion period of 4-15 mo.
Diarrhea recurred in 4 out of 5 of these patients and 3
of them underwent additional surgery.

4

5

6
7

8

9

10

11

CONCLUSION
12

MC is characterized by chronic, watery diarrhea and
subepithelial changes. Conservative therapy, such
as discontinuation of offending mediations and trial
of loperamide and/or bismuth, may be successful in
treating non-severe MC. Budesonide can rapidly induce
clinical remission and can maintain remission, but
relapse occurs frequently after withdrawal of therapy.
Methotrexate and mesalamine do not appear to be
effective as monotherapy for MC. There is limited data
to support the use of immunomodulators in refractory
or steroid-dependent MC. Anti-TNF or ileostomy may
be an option for severe, refractory MC; however,
their efficacy has not been proven in randomized
controlled trials yet, and their risk and benefits need
to be discussed in detail with the patient prior to
recommending these therapy.

13

14

15
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MINIREVIEWS

Chemotherapy beyond second-line in advanced gastric
cancer
Sung Min Kim, Se Hoon Park
further lines of chemotherapy will result in substantial
prolongation of survival. Despite this, the practice of
offering chemotherapy beyond second-line agents to
AGC patients is not uncommon if their performance
status is well-preserved and they are willing to
receive subsequent active treatments. The choice of
chemotherapeutic agents depends on the patient’s prior
regimens. However, there are important controversial
issues in the salvage setting of AGC, including a subset
of patients who may benefit from chemotherapy,
that still remain unanswered. This report reviews the
available evidence regarding the impact of third- and
subsequent lines of chemotherapy on survival and
quality of life in patients with AGC.

Sung Min Kim, Se Hoon Park, Division of HematologyOncology, Department of Medicine, Sungkyunkwan University
Samsung Medical Center, Seoul 135-710, South Korea
Author contributions: Kim SM performed the research; Park
SH designed the research and wrote the paper.
Conflict-of-interest statement: The authors declare no conflicts
of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Key words: Chemotherapy; Gastric cancer; Salvage
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Correspondence to: Se Hoon Park, MD, Division of HematologyOncology, Department of Medicine, Sungkyunkwan University
Samsung Medical Center, Seoul 135-710,
South Korea. hematoma@skku.edu
Telephone: +82-2-34103459
Fax: +82-2-34101754
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Abstract

INTRODUCTION

Patients with advanced gastric cancer (AGC) can be
treated with multiple lines of chemotherapy. Although
several randomized trials have demonstrated the
benefit of second-line chemotherapy compared
with best supportive care, there is no evidence that
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Although fluoropyrimidines and platinum combina
tion chemotherapy is considered standard first-line
treatment in patients with advanced gastric cancer
[1]
(AGC) , the overall prognosis of such patients remains
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Table 1 Randomized phase Ⅲ trials in the second-line treatment of gastric cancer
Trials

Treatment

No. of
patients

OS (mo)

HR for OS
(95%CI)

Remarks

AIO[8]

Irinotecan
BSC
Docetaxel or irinotecan
BSC
Docetaxel
BSC
Ramucirumab
Placebo
Ramucirumab + paclitaxel
Placebo + paclitaxel
Paclitaxel
Irinotecan

21
19
133
69
84
84
238
117
330
335
108
111

4.0
2.4
5.3
3.8
5.2
3.6
5.2
3.8
9.6
7.4
9.5
8.4

0.48 (0.25-0.92)
P = 0.012
0.657 (0.485-0.891)
P = 0.007
0.67 (0.49-0.92)
P = 0.01
0.776 (0.603-0.998)
P = 0.047
0.807 (0.678-0.962)
P = 0.017
1.14 (0.88-1.49)
P = 0.24

Closed early due to poor accrual

Korean[9]
COUGAR-02[10]
REGARD[11]
RAINBOW[12]
WJOG 4007[15]

No OS difference between docetaxel
(5.5 mo) and irinotecan (6.5 mo)
Global QOL similar between arms
(P = 0.53)

BSC: Best supportive care; QOL: Quality of life.
[2]

poor . Clinical trials involving novel, targeted agents
have had little success as first-line treatment for AGC,
with the exception of trastuzumab in patients with
human epidermal growth factor receptor 2 (HER2)[3]
positive tumors . Fortunately, in a second-line setting,
we now have evidence that chemotherapy provides
substantial improvement in overall survival (OS) and
[4]
quality of life (QOL) . While it is common practice
to offer second- or further lines of chemotherapy to
[5]
AGC patients , and more than a few randomized
trials have shown improved OS for certain second[4]
line regimens , chemotherapy beyond second-line
[6]
is associated with responses in fewer patients and
has no clinical relevant or consistent effects on OS.
Since patients with progressive disease usually have
poor performance status, aggressive chemotherapy
may not be feasible. It is also known that response
rates to chemotherapy decline with each subsequent
regimen. Nevertheless, many AGC patients still receive
chemotherapy beyond second-line, and in some cases
are treated until death occurs, since patients and
physicians sometimes have difficulty with transitioning
to only supportive care. Considering the grim pro
gnosis for AGC patients with second-line failure, the
value of third- and subsequent lines of chemotherapy
may be better evaluated by other outcome measures,
such as improvement in QOL. This article reviews the
available evidence regarding the impact of third- and
subsequent lines of chemotherapy on OS and QOL in
patients with AGC.

is a general consensus that the role of secondand subsequent lines of chemotherapy, also called
“salvage” therapy, in prolonging OS in AGC patients
is modest. Response rates are less than 20% and
[4]
short-lived, with a median OS of 4-6 mo . The
results of several phase Ⅲ trials testing the role of
second-line therapy in patients with AGC have been
[8-12]
reported (Table 1)
. In this setting, three cytotoxic
chemotherapeutic agents (paclitaxel, docetaxel, and
irinotecan) and one anti-vascular endothelial growth
factor receptor (anti-VEGFR) antibody (ramucirumab)
have shown significant reductions in the risk of death.
Notably, the hazard ratios (HRs) in all of these singleagent trials were of a similar magnitude, which is
indicative of the robustness of the findings, since the
investigators assessed the treatments in patients of
[4]
different ethnic origins . The first trial conducted by
German Arbeitsgemeinschaft Internistische Onkologie
(AIO) investigators included 40 patients who received
[8]
either irinotecan or best supportive care (BSC) ,
and showed significant benefit with second-line irino
tecan compared with BSC alone. The second trial was
[9]
conducted by the current authors , in which secondline chemotherapy with either docetaxel or irinotecan
was compared with BSC in 202 Korean patients. We
reported a significant survival benefit with secondline chemotherapy (5.3 mo vs 3.8 mo, HR = 0.657,
95%CI: 0.485-0.891). In the third, a COUGAR-02
[10]
trial , researchers from the United Kingdom reported
that second-line docetaxel improved median OS
compared with BSC (5.2 mo vs 3.6 mo, HR = 0.67,
95%CI: 0.49-0.92). The trial included QOL as one
of the objectives and reported similar global healthrelated QOL scores between the chemotherapy and
BSC arms.
Despite the failure of more than a few clinical trials
[13,14]
involving targeted agents
, two phase Ⅲ trials
[11,12]
of ramucirumab
, either as monotherapy or in
combination with paclitaxel, were successful. In the
REGARD trial, pretreated AGC patients were randomly
assigned to receive ramucirumab or a placebo as

SECOND-LINE THERAPY
Even before the role of second-line chemotherapy
was recently described, second- or further lines of
chemotherapy have been administered for AGC
[7]
patients after first-line failure . Our own retrospective
analysis of AGC patients who received second-line
[5]
chemotherapy found a median survival of 6.7 mo ,
with baseline hemoglobin level and performance
status being independent prognostic factors. There
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phase Ⅲ trials should be interpreted carefully because
of the potential selection bias; only a small percentage
of patients continue to have good performance status
after second-line therapy and they are still medically fit
to be offered further therapy.

second-line treatment. Surprisingly, the survival
benefit achieved with ramucirumab (5.2 mo vs 3.8
mo, HR = 0.776, 95%CI: 0.603-0.998) was similar to
[12]
that seen in phase Ⅲ trials. In the RAINBOW trial ,
a more clinically relevant trial that is the largest to
date, the addition of ramucirumab to paclitaxel was
compared to paclitaxel alone for second-line therapy.
The authors reported that OS was significantly longer
in the ramucirumab plus paclitaxel arm than in the
paclitaxel monotherapy arm (9.6 mo vs 7.4 mo, HR =
0.807, 95%CI: 0.678-0.962).
However, which regimen should be the standard
of care in the second-line setting still remains unclear.
For patients who failed fluoropyrimidine and platinum,
[12,15]
[9,10]
[9,15]
paclitaxel
, docetaxel
, and irinotecan
have all been evaluated extensively in clinical trials.
Combination chemotherapy may achieve higher
response rates than monotherapy, but the survival
[16]
outcomes are the same . In our own retrospective
[5]
analysis performed in 1455 AGC patients , there was
no relevant difference in median OS between patients
who were treated with second-line combination and
monotherapy. In addition, to achieve palliative goals
with second-line chemotherapy, patients are more
likely to tolerate single agents than combination
[15]
therapy. Hironaka et al
reported the results of a
phase Ⅲ trial comparing irinotecan with paclitaxel in
the second-line setting, and found that OS was not
significantly different (9.5 mo in paclitaxel arm vs 8.4
mo in irinotecan arm, HR = 1.13, 95%CI: 0.86-1.49).
Clearly, medically fit patients who failed or were
refractory to first-line chemotherapy should receive
second-line chemotherapy, with BSC reserved for those
with a poor performance status. It should be noted
that AGC is a heterogeneous disease, with substantial
differences in its aggressiveness and responsiveness
to therapy. The clinical outcome and prognosis in
individual patients do not always conform to the
published data. In daily clinical practice, outside of the
strict enrollment criteria of a clinical trial, many AGC
patients develop peritoneal carcinomatosis during the
[5]
course of their disease , leading to rapid symptomatic
deterioration and chemotherapy intolerance.

The data on third-line chemotherapy are not con
clusive, since published studies have included only
a small number of patients within different patient
subsets. The majority of published studies have
been small phase Ⅱ or retrospective studies that
have evaluated the feasibility of monotherapy or
combinations of several cytotoxic agents. Because
most AGC patients are initially treated with flu
[17]
oropyrimidines and platinum , it is not a good idea
to include these drugs in a salvage regimen for these
patients. In the third-line setting, based on the lack
of cross-resistance between taxanes and irinotecan,
these chemotherapeutic agents are still plausible
[18]
salvage treatment options . Due to the risk of
severe myelosuppression that is associated with the
administration of paclitaxel or docetaxel every 3 wks,
taxane monotherapy was commonly used as a weekly
regimen for patients with heavily-treated disease.
[19]
In small phase Ⅱ studies involving paclitaxel
or
[18,20]
docetaxel
, response rates were in the range of
15%-23%, with a median OS of 4-7 mo. Irinotecan is
another commonly-used chemotherapeutic agent in
[9]
AGC, with a similar single-agent efficacy to taxanes .
However, we should keep in mind that response rates
and progression-free survival (PFS) do not always
translate into a survival benefit. The choice of a thirdline regimen should depend on previous treatments
and, needless to say, on the patient’s general condition.
It is possible that the OS achieved in AGC was strongly
associated with patient access to the three active
chemotherapy regimens during the whole treatment
course (i.e., fluoropyrimidine/platinum-based first line,
and second- and third-line chemotherapy with taxanes
and irinotecan), which is similar to a model developed
[21]
in patients with colorectal cancer .

THIRD-LINE THERAPY

NOVEL TARGETED THERAPY

It seems clear that, for the majority of patients, the
benefit of chemotherapy beyond second-line for
advanced disease is minimal to modest. However,
as described above, some AGC patients still are
candidates for third- or subsequent lines of therapy,
despite not having an established third-line regimen
to offer. More than two-thirds of patients enrolled in
the Japanese second-line chemotherapy trial were
treated with third-line therapy[15]. In our own Korean
[9]
phase Ⅲ trial , 27% of patients had received study
treatment as third-line therapy, with the survival
benefit of chemotherapy being preserved (HR = 0.812,
95%CI: 0.450-1.464). Nevertheless, data from these

When we consider the decline in patients’ performance
status and tolerability to cytotoxic chemotherapy,
especially after failure of second-line therapy, more
effective but less toxic treatment options are needed
to provide an OS benefit for patients with AGC. In
the first-line setting, the HER2-directed monoclonal
antibody trastuzumab was shown to be effective in
[3]
HER2-positive AGC . However, trials involving another
HER2 inhibitor, lapatinib, failed to show an OS benefit
[14]
in the second-line setting .
Targeting angiogenesis via the inhibition of VEGFR
has been another promising strategy in AGC. Although
the Avastin in Gastric Cancer (AVAGAST) trial failed to
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show a significant OS benefit (12.1 mo vs 10.1 mo, HR
[22]
= 0.87, 95%CI: 0.73-1.03) , adding bevacizumab to
first-line capecitabine and cisplatin chemotherapy was
associated with increases in PFS and response rates.
One may argue that this lack of correlation between
the OS and PFS may be due to the lack of statistical
power necessary to detect modest survival gain. We
[11]
now have more optimistic results from the REGARD
[12]
and RAINBOW
trials involving ramucirumab in the
second-line setting of AGC, as described above.
Similarly, small molecule inhibitors targeting VEGFR
have been investigated in patients with AGC. However,
the efficacy seen in phase Ⅱ studies with sunitinib
as a potential second-line treatment for AGC patients
[23,24]
has been modest
. We reported a prospective
randomized trial comparing second-line docetaxel
[24]
monotherapy with docetaxel plus sunitinib , in which
the addition of sunitinib to docetaxel did not prolong
PFS. One of the most promising VEGFR inhibitors at
present is apatinib. A randomized, placebo-controlled
phase Ⅱ trial conducted by Chinese investigators
showed that apatinib improved PFS and OS in heavily[25]
treated AGC patients . Of note, 43% of patients
given apatinib as third-line therapy achieved disease
control, which justified further testing in a phase Ⅲ
trial.
At the Annual Meeting of the American Society of
[26]
Clinical Oncology (ASCO) in June 2014, Qin et al
presented a randomized phase Ⅲ trial comparing
apatinib with a placebo in 273 AGC patients with prior
failure to second-line chemotherapy. The primary
endpoint was OS and the secondary endpoints were
response rate, PFS, safety, and QOL. The apatinib
arm had superior PFS (78 d vs 53 d, HR = 0.44,
95%CI: 0.33-0.61), response rate (3% vs 0%), and
median OS (195 d vs 140 d, HR = 0.71, 95%CI:
0.54-0.94) compared to placebo, with a manageable
safety profile. Patients receiving apatinib had a higher
incidence of neutropenia and thrombocytopenia, as
well as proteinuria and hypertension. Additionally,
severe (grade 3 or 4) hand-foot syndrome occurred
in 8.5% of patients in the apatinib arm. As differences
regarding QOL were not included in the presentation,
full publication of this study will be of interest.

patient’s performance status, some hematological and
laboratory values (including hemoglobin level or serum
albumin), the number of previous lines of therapy
and the response obtained, and the number and site
[5,27]
[5]
of metastases
. In our retrospective study , for
patients who received supportive care only in a salvage
setting, the reasons for such a decision included poor
performance status (71%) and the patient’s refusal
(29%). Known tumor characteristics that directly
influence the aggressiveness of the disease, such as
peritoneal carcinomatosis, tumor grade, and Lauren
classification, are also helpful. In addition, research
is under way to define specific predictive factors of
responsiveness to certain types of therapy. The Cancer
Genome Atlas (TCGA) research network, for example,
reported a comprehensive molecular evaluation of
[28]
295 gastric adenocarcinomas
and proposed four
distinct molecular subtypes: (1) tumors positive for
Epstein-Barr virus; (2) microsatellite unstable tumors;
(3) genomically stable tumors; and (4) tumors with
chromosomal instability. Experience with other types of
cancer has taught us that a substantial improvement
in the treatment of AGC could be achieved with
[29]
individualized therapy strategies , including the
identification of genetic alterations and the study of the
molecular biology of therapeutic agents.

CONCLUSION
Although the current evidence is lacking concerning
potential beneficial effects associated with administering
third- or subsequent lines of chemotherapy, it is
common practice to offer further chemotherapy for AGC
[5]
patients after second-line failure . In this setting, no
chemotherapeutic agents or regimens have a proven
survival benefit over supportive care only, and thus
no standard salvage therapy exists. Although taxanes
and irinotecan have shown efficacy in this setting, no
randomized trials have been conducted, and these
regimens have low response rates. Recently, a phase
Ⅲ trial conducted in China demonstrated a benefit
[26]
with apatinib in this setting , which is a novel, orallyadministered VEGFR inhibitor. It is therefore very
important to emphasize that all treatment decisions
must be individualized; targeting the specific histological
and biological features that make a tumor unique, and
the clinical features that make a patient unique.
Evidence showing an OS benefit of therapy in
third- or subsequent lines of chemotherapy in patients
with AGC suggests that salvage therapy may indeed
become the standard of care. Administration of an
active and tolerable therapy regimen may have a
beneficial effect on patients’ QOL, as a direct result
of improvements in clinical outcome. However,
these studies are few in number and await further
confirmation. Based on these considerations, giving
a patient the opportunity to actively participate in the
selection of treatment seems to be an important factor
for patient satisfaction and improved QOL. Even in

SELECTION OF PATIENTS
Since patients’ QOL and performance status would
diminish with advanced lines of chemotherapy,
the expected OS benefit, if any, is the single most
important factor in choosing a salvage regimen for
AGC. To the best of our knowledge, no prospective
analyses have been performed to examine prognostic
and/or predictive factors in the third-line setting.
Nevertheless, it is known that some patient and
tumor factors are particularly helpful in selecting
patients who may benefit from salvage therapy, and
should be evaluated carefully. Among the clinical
and laboratory factors, the most important are the
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heavily-treated AGC patients, salvage therapy may
[30]
be of value in terms of QOL . Furthermore, patient
preference for treatment is increasingly important in
clinical decision-making, and has been the subject of
[31,32]
medical research
. We should acknowledge that
while curative treatment is not currently available,
different treatment strategies, including no active
therapy, may be appropriate. Accordingly, we must be
willing to take the time to accurately and extensively
discuss all treatment options in order to select the best
treatment for each particular patient.
In summary, the role of therapy beyond second-line
in AGC has not yet been established. Despite recent
advances, the prognosis of AGC patients remains
poor. However, we have considerable indirect evidence
from a number of phase Ⅱ or retrospective studies
suggesting improved response rates and prolonged
PFS through the use of third- or subsequent lines of
chemotherapy. One may consider currently available
chemotherapy regimens (i.e., fluoropyrimidine plus
platinum, taxanes, and irinotecan) for use during the
whole treatment course, similar to that described
[21]
for colorectal cancer , in which three active drugs
(fluoropyrimidines, oxaliplatin, and irinotecan) should
all be used. Recently, a prospective phase Ⅲ trial
performed in Chinese AGC patients reported a survival
benefit with the use of a novel, oral-targeted agent,
apatinib. It is conceivable that integration of targeted
agents, including ramucirumab and/or apatinib, into
the treatment regimen could improve treatment
efficacy in patients with AGC. While there is still
controversy over the benefit of salvage therapy in the
third-line setting and beyond, there should be certain
patients who would derive the most benefit from the
therapy. Our clinical expertise, better understanding of
gastric carcinogenesis, and molecular characterization
of this cancer will provide hope for more successful
treatment in the future.
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Abstract

Institutional review board statement: The study was
reviewed and approved by the National University of Rosario
Institutional Review Board (Resol. C.S., No. 823/2013).

AIM: To examine renal expression of organic anion
transporter 5 (Oat5) and sodium-dicarboxylate co
transporter 1 (NaDC1), and excretion of citrate in rats
with acute extrahepatic cholestasis.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Faculty
of Biochemical and Pharmaceutical Sciences-UNR (Resol., No,
637/2012).

METHODS: Obstructive jaundice was induced in
rats by double ligation and division of the common
bile duct (BDL group). Controls underwent sham
operation that consisted of exposure, but not ligation,
of the common bile duct (Sham group). Studies were
performed 21 h after surgery. During this period,
animals were maintained in metabolic cages in order
to collect urine. The urinary volume was determined
by gravimetry. The day of the experiment, blood
samples were withdrawn and used to measure total
and direct bilirubin as indicative parameters of hepatic
function. Serum and urine samples were used for
biochemical determinations. Immunoblotting for Oat5
and NaDC1 were performed in renal homogenates
and brush border membranes from Sham and BDL
rats. Immunohistochemistry studies were performed
in kidneys from both experimental groups. Total RNA
was extracted from rat renal tissue in order to perform
reverse transcription polymerase chain reaction.
Another set of experimental animals were used to
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evaluate medullar renal blood flow (mRBF) using
fluorescent microspheres.

INTRODUCTION
Kidneys perform an essential function in the removal
[1]
and reabsorption of organic anions from circulation .
Several transport proteins are implicated in the renal
tubular secretion and reabsorption of endogenous and
[2]
exogenous compounds .
Organic anion transporter 5 [(Oat5), Slc22a19] has
been characterized as an organic anion/dicarboxylate
[2-5]
exchanger . This protein is localized in the brush
border membrane of proximal tubule straight segment
[4,5]
(S3)
. Oat5 has been reported to interact with
many anionic drugs, such as bumetanide, furosemide,
penicillin G and non-steroidal anti-inflammatory
[3-5]
drugs . The function of the organic anion exchanger
Oat5 in renal cells under pathological conditions has
not been fully elucidated yet.
The sodium-dicarboxylate cotransporter 1 [NaDC1),
Slc13a2] is located in the apical membrane of the S1,
[6,7]
S2, and S3 segments of proximal renal tubule .
The primary function of this transporter is to reabsorb
[7,8]
filtered Krebs cycle intermediates . These compounds,
such as succinate, citrate and α-ketoglutarate are
important substrates for renal metabolism because
they account for 10%-15% of oxidative metabolism in
[8,9]
the kidney . Furthermore, Krebs cycle intermediates
are involved in the maintenance of the outward
dicarboxylate gradient that is crucial for the normal
function of Oat exchanger proteins at both membrane
domains, apical (such as Oat5) and basolateral (such as
[1,2]
Oat1 and Oat3) .
Jaundice in chronic bile duct-ligated rats has been
associated with functional and metabolic disturbances
[10]
of the kidney . Altered absorption, distribution
and elimination of drugs have been described in this
[11,12]
pathology
.
The purpose of the current study was to examine
the effects of acute extrahepatic cholestasis on
the expression of Oat5 and NaDC1 in rats, and the
contribution of these effects on renal excretion of
citrate.

RESULTS: Total and direct bilirubin levels were sig
nificantly higher in BDL animals, attesting to the
adequacy of biliary obstruction. An important increase
in mRBF was determined in BDL group (Sham: 0.53 ±
0.12 mL/min per 100 g body weight vs BDL: 1.58 ± 0.24
mL/min per 100 g body weight, P < 0.05). An increase
in the urinary volume was observed in BDL animals. An
important decrease in urinary levels of citrate was seen
in BDL group. Besides, a decrease in urinary citrate
excretion (Sham: 0.53 ± 0.11 g/g creatinine vs BDL:
0.07 ± 0.02 g/g creatinine, P < 0.05) and an increase
+
in urinary excretion of H (Sham: 0.082 ± 0.03 μmol/g
creatinine vs BDL: 0.21 ± 0.04 μmol/g creatinine,
P < 0.05) were observed in BDL animals. We found
upregulations of both proteins Oat5 and NaDC1 in
brush border membranes where they are functional.
Immunohistochemistry technique corroborated these
results for both proteins. No modifications were
observed in Oat5 mRNA and in NaDC1 mRNA levels in
kidney from BDL group as compared with Sham ones.
CONCLUSION: Citrate excretion is decreased in BDL
rats, at least in part, because of the higher NaDC1
expression. Using the outward gradient of citrate
generated by NaDC1, Oat5 can reabsorb/eliminate
different organic anions of pathophysiological importance.
Key words: Cholestasis; Kidney; Transporters; Organic
anions
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Organic anion transporter 5 (Oat5) is
an organic anion/dicarboxylate exchanger which
has impact on renal excretion of hormones, drugs
and xenobiotics. The primary function of sodiumdicarboxylate cotransporter 1 (NaDC1) is to reabsorb
filtered Krebs cycle intermediates, such as citrate.
We found upregulations of both transporters and
a decrease in urinary citrate excretion in bile ductligated rats. Citrate excretion is decreased at least in
part, because of the higher NaDC1 expression. Using
the outward gradient of citrate generated by NaDC1,
Oat5 can reabsorb/eliminate different organic anions
of pathophysiological importance. Attention might
be paid for those drugs transported by this protein
because their pharmacokinetics may be altered during
cholestasis.

MATERIALS AND METHODS
Experimental animals

Male Wistar rats (110-130 d) were used throughout
the study. The animal protocol was designed to
minimize pain or discomfort to the animals. Animals
were cared for in accordance with the principles and
guidelines for the care and use of laboratory animals,
recommended by the National Academy of Sciences
and published by the National Institute of Health (NIH
th
publication 7 edition revised 1996) and recommended
by regulations of the local ethics committee. All
experimental procedures were approved by the
Faculty of Biochemical and Pharmaceutical Sciences
Institutional Animal Care and Use Committee (Res. No.

Brandoni A, Torres AM. Expression of renal Oat5 and NaDC1
transporters in rats with acute biliary obstruction. World J
Gastroenterol 2015; 21(29): 8817-8825 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i29/8817.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i29.8817
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Immunohistochemistry studies

637/2012).
Surgical procedure of bile duct ligation (BDL group)
[13-15]
was performed as previously described
. A parallel
group of Sham rats was processed. Studies were
performed 21 h after surgery. During this period,
animals were maintained in metabolic cages in order
to collect urine. The urinary volume was determined
by gravimetry.

The immunohistochemistry studies were performed
[13,15,18,19]
as previously described
. Kidneys from the
different experimental groups were briefly perfused
with saline, followed by perfusion with periodatelysine-paraformaldehyde solution (0.0375 M phosphate
buffer (pH 6.2) containing 0.01 M NaIO4, 0.075 M
lysine, 2% paraformaldehyde), through a cannula
inserted in the abdominal aorta. The kidney slices
were immersed in periodate-lysine-paraformaldehyde
solution at 4 ℃ overnight. After that, the tissue was
embedded in paraffin and paraffin sections were cut.
After deparaffining, some sections were used for
routine haematoxylin-eosin staining, while others
were incubated with 3% H2O2 for 15 min (in order to
eliminate endogenous peroxidase activity) to perform
Oat5 and NaDC1 renal immunohistochemistry. Then,
the sections were incubated with blocking serum for
30 min and after that with non-commercial rabbit
[19]
polyclonal antibody against rat Oat5 (diluted 1:100 )
[19]
or against rat NaDC1 (diluted 1:500 ) overnight
at 4 ℃. The sections were rinsed with Tris-Buffered
Saline containing 1% Tween (TBST). Right after, the
sections were incubated with horseradish peroxidase
(HPR) conjugated secondary antibody against rabbit
immunoglobulin for 1 h. So as to detect HPR labelling,
a peroxidase substrate solution with diaminobenzidine
(0.05% diaminobenzidine in TBST with 0.05%
H2O2) was used. The sections were counterstained
with hematoxylin before being examined under a
light microscope. Controls using preimmune serum,
antiserum absorbed with excess synthetic peptide, or
omission of primary or secondary antibody revealed no
labelling.

Biochemical determinations

Animals were anaesthetized with sodium thiopental
(70 mg/kg body weight, ip). Blood was withdrawn
by cardiac puncture from Sham and bile duct (BDL)
animals. These samples were used to measure total
and direct bilirubin, and creatinine serum levels.
The urine samples were used to determine the
urinary levels of citrate, creatinine, glucose and
proteins, alkaline phosphatase activity and pH.
Creatinine clearance was calculated employing
the following formula: [Creatinine]urine × Urine flow/
[Creatinine]plasma
Biochemical analyses were performed with optimized
spectrophotometric techniques, employing commercial
kits (Wiener Laboratory, Rosario, Argentina) except for
citrate measurements that were performed using a citric
acid enzymatic kit (Boehringer Mannheim/R-Biopharm,
Darmstadt, Germany).

Preparation of brush border membrane (BBM) from
kidney:

BBM from Sham (n = 4) and BDL (n = 4) rats were
isolated from kidneys by Mg/EGTA precipitation
[13]
as previously described . For each experimental
group, four different preparations were made. Protein
quantification of samples was performed using the
[16]
method of Sedmak and Grossberg .

RNA isolation and reverse transcription polymerase
chain reaction
[20]

As previously described by Bulacio et al , total RNA
was extracted from rat renal tissue using Trizol reagent
(Invitrogen, Carlsbad, CA, United States) following the
manufacturer’s instructions. Samples were stored at
-80 ℃ until used.
The cDNA was synthesized using SuperScript™
First-Strand Synthesis System for reverse-transcriptase
polymerase chain reaction (RT-PCR) (Invitrogen, Car
lsbad, CA, United States) according to manufacturer’s
instructions. cDNA samples were kept at -20 ℃ until
assayed.
RT-PCR for Oat5, NaDC1 and 18S rRNA as
housekeeping gene was performed on cDNA samples
using the BOECO TC-SQ Thermal Cycler (Boeckel
Co., GmbH Co., KG, Hamburg, Germany). Reaction
conditions used for the PCR were: initial denaturation
for 2 min at 94 ℃, denaturation for 15 s at 94 ℃,
annealing for 30 s at 55 ℃ and elongation for 60 s
at 72 ℃. The final elongation step was 72 ℃ for 10
min. The specific PCR primers used were: for Oat5:
5’-GGAGGCAGCAGAGACAAAAC-3’ (forward) and

Electrophoresis and immunoblotting

Immunoblotting for Oat5 and NaDC1 were performed
in renal homogenates (20 μg of protein) and BBM
[13-15]
(10 μg of protein) as previously described
. The
membranes were incubated overnight at 4 ℃ with a
non-commercial rabbit polyclonal antibodies against
rat Oat5 (at a dilution of 1:800) or against rat NaDC1
(at a dilution of 1:800) or a commercial mouse
monoclonal antibody against human β-actin (at a
dilution of 1:800). Specificity of Oat5 and NaDC1
[4,6]
antibodies has been described elsewhere . Blots
were processed for detection using a commercial
kit (ECL enhanced chemiluminescence system,
Amersham, Buckinghamshire, United Kingdom). To
verify equal protein loading and transfer between
lanes, Ponceau Red and antibody against human
[13-15,17]
. The
β-actin were used as previously reported
abundance of Oat5 and NaDC1 were normalized to
β actin. The relative protein expression for Oat5 or
NaDC1 was expressed as percentage, considering the
mean Sham value as the 100%.
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Table 1 Plasma total and direct bilirubin levels of Sham and
BDL rats

Total bilirubin (mg/L)
Direct bilirubin (mg/L)

Sham

BDL

(n = 4)

(n = 4)

5.1 ± 0.4
2.2 ± 0.3

43.6 ± 2.8a
34.4 ± 3.3a

Statistical analysis

Results are expressed as mean ± SE. Statistical
analysis was performed using an unpaired t-test.
When variances were not homogeneous a Welch’s
correction was employed. P values less to 0.05 were
considered significant. For these analyses GraphPad
software was used. The statistical review of the study
was performed by a biomedical statistician.

Results are expressed as means ± SE. aP < 0.05 vs Sham.

Table 2 Urine flow, creatinine clearance, urinary levels of
glucose and protein, alkaline phosphatase urinary activity,
urinary citrate concentration, urinary citrate excretion and
urinary proton excretion of Sham and BDL rats
Sham

BDL

(n = 4)

(n = 4)

Urine flow (μL/min per 100 g bw)
2.10 ± 0.24
Creatinine clearance (mL/min per 100 g bw) 0.65 ± 0.03
Glucose (g/g creatinine)
0.17 ± 0.10
Protein (g/g creatinine)
1.15 ± 0.08
Alkaline phosphatase (U/g creatinine)
266 ± 14
Citrate concentration (g/L)
0.71 ± 0.16
Citrate excretion (g/g creatinine)
0.53 ± 0.11
Proton excretion (μmol/g creatinine)
0.082 ± 0.03

RESULTS
Total and direct bilirubin levels were significantly higher
in BDL animals, attesting to the adequacy of biliary
obstruction (Table 1).
An important increase in mRBF was determined in
BDL group (mL/min per 100 g body weight; Sham, n
= 4: 0.53 ± 0.12; BDL, n = 4: 1.58 ± 0.24, P < 0.05).
Table 2 shows an increase in the urinary flow of
BDL animals. There were no significant differences
between groups in creatinine clearance, glucose and
protein urinary excretion, and the activity of alkaline
phosphatase. An important decrease in urinary levels
of citrate was seen in BDL group. Besides, a decrease
in urinary citrate excretion and an increase in urinary
+
excretion of H were observed in BDL animals.
Figure 1 shows a significant increase in Oat5
protein expression in homogenates as well as in BBM
in BDL group. Oat5 renal expression was also assessed
by immunohistochemistry technique. As it is shown
in Figure 2, strong Oat5 labelling was associated with
the apical membrane domains in proximal tubule cells.
Oat5 staining of proximal tubule cells was increased
in BDL group, consistent with the density observed by
Western blotting studies in each experimental group.
Figure 3 shows a higher abundance of NaDC1 in
BBM from BDL rats while no difference was obser
ved in NaDC1 protein expression in homogenates.
Immunohistochemistry showed labelling of NaDC1
associated with apical plasma membranes of proximal
tubule of Sham and BDL rat kidneys (Figure 4). BDL
rats showed an increased apical NaDC1 expression,
corroborating the data obtained by Western blotting.
Oat5 and NaDC1 mRNA levels were determined by
RT-PCR. As shown in Figure 5, no modifications were
observed in Oat5 mRNA and in NaDC1 mRNA levels in
kidney from BDL group as compared with Sham ones.

3.87 ± 0.57a
0.53 ± 0.06
0.17 ± 0.07
1.15 ± 0.10
253 ± 20
0.07 ± 0.03a
0.07 ± 0.02a
0.21 ± 0.04a

Results are expressed as means ± SE. aP < 0.05 vs Sham. bw: Body weight.

5’-TTGCTCCTCCTAATGATGCC-3’ (reverse), for NaDC1:
5’-GAACGATAAGATGCCCTGGA-3’ (forward) and
5’-TGAAGACAGATGGCTTGTGC-3’ (reverse), and for
18S rRNA: 5’-CGCGGTTCTATTTTGTTGGT-3’ (forward)
and 5’-AGTCGGCATCGTTTATGGTC-3’ (reverse).
RT-PCR products were then resolved by elect
rophoresis in a 1.2% agarose gel stained with SYBR
Safe™ and visualized using the Safe Imager™ blue light
transilluminator. For semiquantitative measurement,
images of the gels were acquired and quantification of
the optical density (OD) of the bands was performed.
The Oat5/18S rRNA or NaDC1/18S rRNA product ratio
was calculated and used as an index of Oat5 or NaDC1
mRNA expression, respectively. The relative mRNA
expression for Oat5 or NaDC1 was expressed as
percentage, considering the mean Sham value as the
100%.

Medullar renal blood flow determination

Another set of experimental animals (Sham, n = 4;
BDL, n = 4) were used to evaluate Medullar renal
blood flow (mRBF) using fluorescent microspheres as
[14,21-23]
previously described
. The mRBF were calculated
by the formula: renal flow (mL/min) = fl/flref × R (mL/
min), where fl is the fluorescence of renal tissue, flref
is the fluorescence of reference blood flow sample,
and R is the withdrawal rate of reference blood flow
sample.

DISCUSSION
Cholestasis has been demonstrated to alter the
transport of compounds such as bile salts and of other
[11,12]
organic anions in liver and kidneys
. Renal function
is also impaired during cholestasis as previously
[10,13,15,18]
reported
. In this study we observed an
increase in mRBF in BDL rats. This increase might
lead to an important wash out of the cortico-medullar

Materials

Chemicals were purchased from Sigma (St. Louis,
Missouri, United States) and were analytical grade
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Figure 2 Immunohistochemistry for Oat5 in kidneys from Sham (A) and
BDL (B) rats. Serial sections from each rat kidney were stained using a noncommercial anti-Oat5 antibody. Oat5 labeling was associated with the apical
plasma membrane domains in proximal tubule cells (arrow heads). In kidneys
from BDL group there was a marked increase in Oat5 staining (arrows).
These figures are representative of typical samples from four rats for each
experimental group. Magnification × 200.

a

120

Oat5 (%)

100
80
60

In this study we observed no differences in the
biochemical parameters evaluated in urine, glucose and
protein urinary excretion and the activity of alkaline
phosphatase. At this point it is important to emphasize
that there was no difference in the glomerular filtration
rate, evaluated in this study by creatinine clearance,
between Sham and BDL rats as it was previously
[15]
described by us using inulin clearance .
We have previously demonstrated alterations on
the expression of different transporters in rats suffering
[12-15,18]
extrahepatic cholestasis
.
The organic anion/dicarboxylate exchanger Oat5
is important for the transport of several organic
[26]
anions, including steroids sulphates . Little is known
about renal expression of Oat5 under pathological
conditions, particularly under obstructive jaundice. In
this experimental model of extrahepatic cholestasis,
we found an increase in Oat5 protein expression
both in BBM and in homogenates in BDL group. In
addition to immunoblotting, the immunohistochemical
technique corroborated the increase in apical mem
brane expression of Oat5. No modifications were
observed in mRNA levels for Oat5. These results
suggest a decrease in Oat5 protein degradation. The
Oat5 upregulation might lead to a higher elimination/
reabsorption of its transported compounds. This is

40
20
0
Sham

BDL

Figure 1 Oat5 protein expression in homogenates. Renal homogenates
(20 μg proteins) (A) and brush border membranes (10 μg proteins) (C) from
kidneys of Sham and BDL rats were separated by sodium dodecyl sulphatepolyacrylamide gel electrophoresis (8.5%) and blotted onto nitrocellulose
membranes. Oat5 was identified using a non-commercial polyclonal antibody
as described in Materials and Methods. Densitometric quantification of Oat5 (B
and D). Sham levels were set at 100%. Each column represents mean ± SE
from experiments carried out in triplicate on four different homogenates and
brush border membranes preparations for each experimental group, aP < 0.05
vs Sham.

gradient. Moreover, we found an increased urinary
volume that might be explained by the wash out of the
cortico-medullar gradient and by the presence in the
urine of a greater amount of osmotically active solutes
[24,25]
such as bile acids
that could not be eliminated
by the liver. This finding suggests intrarenal blood
flow distribution with increased medullary blood flow
following acute bile duct ligation as other authors have
[10]
described after chronic bile duct ligation in rats .
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Figure 4 Immunohistochemistry for NaDC1 in kidneys from Sham (A)
and BDL (B) rats. Serial sections from each rat kidney were stained using a
non-commercial anti-NaDC1 antibody. NaDC1 labelling was associated with
the apical plasma membrane domains in proximal tubule cells (arrow heads).
In kidneys from BDL group there was a marked increase in NaDC1 staining
(arrows). These figures are representative of typical samples from four rats for
each experimental group, magnification × 200.
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NaDC1 (%)

120
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in homogenates which might suggest an increased
recruitment of preformed transporters into the
membranes or an inhibition in the internalization of
membrane transporters. Immunohistochemical technique
corroborated these results, showing an increase in the
staining for NaDC1 in apical membranes of proximal
tubule cells from BDL animals. No modifications were
observed in mRNA levels for NaDC1.
It has been proposed that NaDC1 and Oat5 have
an important role in the late (S2 to S3) segments
of proximal tubules. Using the outward gradient of
succinate, citrate and α-ketoglutarate generated by
NaDC1, Oat5 can reabsorb some organic anions, such
as steroid sulphates that are glomerular filtrated or
tubular secreted by multidrug resistance proteins such
[4]
as Mrp2 and Mrp4 . NaDC1 cotransporter might also
help to maintain the outward dicarboxylate gradient
necessary for the correct function of Oat proteins both
at apical (Oat5) and basolateral membranes (Oat1
[27]
and Oat3) . Thus, Oat1 and Oat3 may contribute to
the elimination of toxic metabolites such as bile acids
and other potential toxins existing in extrahepatic
cholestasis that could not be excreted into bile in this
cholestatic model. Then, Oat5 may contribute to the
elimination of these compounds as well as anionic
drugs that are uptaken by Oat1 and Oat3.

60
40
20
0

Sham

BDL

Figure 3 NaDC1 protein expression in homogenates. Renal homogenates
(20 μg proteins) (A) and brush border membranes (10 μg proteins) (C) from
kidneys of Sham and BDL rats were separated by sodium dodecyl sulphatepolyacrylamide gel electrophoresis (8.5%) and blotted onto nitrocellulose
membranes. NaDC1 was identified using a non-commercial polyclonal antibody
as described in Materials and Methods. Densitometric quantification of NaDC1
(B and D). Sham levels were set at 100%. Each column represents mean ±
SE from experiments carried out in triplicate on four different homogenates and
brush border membranes preparations for each experimental group, aP < 0.05
vs Sham.

especially important for those drugs transported by
this protein because their pharmacokinetics may be
altered during cholestasis.
Sodium-coupled transporters, such as NaDC1,
are responsible for the active transport of Krebs cycle
intermediates, including succinate, α-ketoglutarate
[7]
and citrate . In this study, we observed that BDL
rats have a higher renal expression of NaDC1 protein
at apical membranes while no difference is observed
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A

Sham

reported that this cotransporter is modulated by pH
[7,9,28]
changes
. The accumulation of bilirubin, bile acids
and other potential toxics existing in this experimental
model of extrahepatic cholestasis may affect post[29,30]
transcriptional mechanisms
.
In summary, we present evidence that cholestasis
induced by common bile duct ligation in the rat
induces upregulations of both apical proteins Oat5
and NaDC1 in kidneys. The urinary excretion of citrate
is decreased in BDL rats, probably because of higher
NaDC1 expression. These modifications might be part
of a likely adaptation leading to support normal renal
tubular function by increasing important metabolites
reabsorption, such as citrate, that have different
important roles in proximal tubule cell metabolism.
Besides, special attention might be paid for those drugs
transported by Oat5 because their pharmacokinetics
may be altered during cholestasis.
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Organic anion transporter 5 (Oat5) is a protein exclusively localized in
the kidney. Oat5 has been reported to interact with many anionic drugs of
pharmacological interest. The function of Oat5 in renal cells under pathological
conditions has not been fully elucidated yet. The sodium-dicarboxylate
cotransporter 1 (NaDC1) is also located in the kidney. The primary function
of this transporter is to reabsorb filtered Krebs cycle intermediates. These
compounds, such as succinate, citrate and α-ketoglutarate are important
substrates for renal metabolism because they account for 10%-15% of oxidative
metabolism in the kidney.
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Figure 5 Expression of Oat5 (A, B) and NaDC1 (C, D) mRNA in the kidney
from Sham and BDL rats. Data are presented as percentage considering the
mean Sham value as 100%. Results are expressed as mean ± SE of four rats
per group. The 18S mRNA was used as internal control.

Innovations and breakthroughs

Besides the upregulations of both apical proteins
NaDC1 and Oat5, we have found an important de
crease in citrate urine levels in BDL rats, at least in
part, because of higher tubular citrate reabsorption.
The importance of extracellular or luminal pH in the
[7,9]
alteration of citrate reabsorption is also emphasized .
+
We found an increase in urinary excretion of H in
3BDL rats that would favour the protonation of citrate
2to citrate making it a much stronger substrate for
[7]
the dicarboxylate transporters . Furthermore, this
+
increase in urinary excretion of H in BDL rats might
explain, at least in part, the increased renal expression
of NaDC1 observed in BDL rats since it has been
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The effects of acute extrahepatic cholestasis on the expression of Oat5 and
NaDC1 in rats, and the contribution of these effects on renal excretion of citrate
were examined in this basic research study.

Applications

This study shows that cholestasis induces upregulations of both apical proteins
Oat5 and NaDC1 in kidneys and decreases the urinary excretion of citrate.
Thus, special attention might be paid for the renal handling of citrate and of
those therapeutic drugs transported by Oat5 because their plasma levels may
be altered during cholestasis.

Terminology

Cholestasis is a condition where bile cannot flow from the liver to the
duodenum. The obstructive type of cholestasis is a mechanical blockage in
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the duct system that can occur from a gallstone or malignancy. A membrane
transport protein is a membrane protein involved in the movement of ions,
small molecules or macromolecules across a biological membrane. Krebs
cycle or citric acid cycle is a series of chemical reactions used by all aerobic
organisms to generate energy through the oxidation of acetate derived from
carbohydrates, fats and proteins into carbon dioxide and chemical energy in the
form of adenosine triphosphate.

13

14

Peer-review

This is a good descriptive study with important findings. Oat5 and NaDC1
are two carriers expressed in the apical membrane of renal proximal tubule
cells. Oat5 is an organic anion/dicarboxylate exchanger which has impact on
renal excretion of hormones, drugs and xenobiotics. The primary function of
NaDC1 is to reabsorb filtered Krebs cycle intermediates, such as citrate. In the
present work, they found upregulations of both transporters and a decrease in
urinary citrate excretion in bile duct-ligated rats. Citrate excretion is decreased
at least in part, because of the higher NaDC1 expression. Using the outward
gradient of citrate generated by NaDC1, Oat5 can reabsorb/eliminate different
organic anions of pathophysiological importance. Attention might be paid for
those drugs transported by this protein because their pharmacokinetics may be
altered during cholestasis.
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Abstract
AIM: To investigate the mechanistic action of brewers’
rice in regulating the Wnt/nuclear factor-kappa B (NFκB)/Nrf2-signaling pathways during colon carcinoge
nesis in male Sprague-Dawley rats.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
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METHODS: Male Sprague-Dawley rats were randomly
divided into the following five groups (six rats in each
group): (G1) normal, (G2) azoxymethane (AOM)
alone, (G3) AOM + 10% (weight (w)/weight (w))
brewers’ rice, (G4) AOM + 20% (w/w) brewers’ rice,
and (G5) AOM + 40% (w/w) brewers’ rice. They
were intraperitoneally administered 15 mg/kg body
weight of AOM in saline once weekly over a twoweek period and treated with an American Institute
of Nutrition (AIN)-93G diet containing 10%, 20%,
and 40% (w/w) brewers’ rice. The mRNA levels of
glycogen synthase kinase 3β (GSK 3β), β-catenin, key
inflammation markers, nuclear factor E2-related factor
2 (Nrf2 ), and heme oxygenase-1 (HO-1 )-dependent
transcriptional activity were assessed by quantitative
real-time polymerase chain reaction analyses. The
colon superoxide dismutase, malondialdehyde, and
nitric oxide levels were also analyzed to assess the
antioxidant effect of these treatments. The results were
analyzed using one-way analysis of variance (ANOVA),
and a P value of < 0.05 was considered significant.

Tan BL, Norhaizan ME, Huynh K, Yeap SK, Hazilawati
H, Roselina K. Brewers’ rice modulates oxidative stress in
azoxymethane-mediated colon carcinogenesis in rats. World J
Gastroenterol 2015; 21(29): 8826-8835 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i29/8826.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i29.8826

INTRODUCTION
Colorectal cancer has become the third most prevalent
cancer after lung and breast cancers and contributes
to nearly 10% of the total cases of cancer and
[1]
approximately 8% of total cancer deaths worldwide .
It represents the third and second most commonly
diagnosed cancer in males and females, respectively,
with more than 1.2 million new cancer cases and
[2]
608700 deaths in 2008 worldwide .
The deregulation of Wnt/β-catenin signaling has
been demonstrated to be associated with cancer,
[3]
particularly colorectal cancer . Chronic infection
and inflammation promote the expression of nuclear
[4]
factor-kappa B (NF-κB) and inflammatory-associated
[5]
genes, such as inducible nitric oxide synthase (iNOS) .
The NF-κB pathway is associated with colorectal
cancer, and the inhibition of NF-κB activation can
[6]
reduce chemoresistance . The nuclear factor E2related factor 2 (Nrf2) transcription factor signaling
pathway has become a target for chemoprevention.
A previous study reported that Nrf2 regulates the
expression of numerous detoxifying and antioxidant
[7]
enzymes toward oxidative or electrophilic stress .
The health benefits of natural products have led to
[8]
their recognition as sources of remedy . Most studies
have indicated that cancers may be prevented or
delayed by treatment with natural dietary products
[9]
or synthetic compounds . Rice (Oryza sativa L.),
an essential cereal crop grown in Asia, has become
a major source of carbohydrates in the daily diet.
Epidemiological studies have demonstrated that
whole grain foods are recognized to be important for
[10]
providing protection against cancer . Brewers’ rice,
known locally as temukut, consists of broken rice, rice
bran, and rice germ, which is a waste product of the
rice industry. The production of brewers’ rice during
[11]
rice milling has been described in a previous report .
Our earlier study showed that the dietary ad
ministration of brewers’ rice can reduce the risk of
azoxymethane (AOM)-induced colon carcinogenesis
in rats through the downregulation of β-catenin and
[12]
cyclooxygenase (COX-2) . However, the molecular
mechanism underlying these effects remains obscure.
We hypothesized that brewers’ rice may provide
chemopreventive or chemotherapeutic effects against
colorectal cancer via regulation of multiple signaling
pathways. The present study sets out to determine
whether brewers’ rice confers suppressive effects on
the gene expression of β-catenin and key inflammation
markers, such as NF-κB and iNOS, which are par

RESULTS: The overall analyses demonstrated that the
dietary administration of brewers’ rice in AOM-induced
rat colon carcinogenesis resulted in the transcriptional
upregulation of GSK 3β, inducible nitric oxide synthase
(iNOS ), Nrf2 , and HO-1 . We discovered that the
dietary administration of brewers’ rice downregulated
the β-catenin and NF-κB mRNA levels. A significant
reduction in β-catenin expression was found in the
groups administered with 20% (0.611 ± 0.034) and
40% (0.436 ± 0.045) (w/w) brewers’ rice compared
with that of the group treated with AOM alone (1.000
± 0.064) (P < 0.05). The NF-κB expression was
significantly lower between the AOM-alone group (1.000
± 0.048) and those groups fed with diets containing
10% (w/w) brewers’ rice (0.255 ± 0.022), 20% (w/w)
brewers’ rice (0.450 ± 0.045), or 40% (w/w) brewers’
rice (0.541 ± 0.027) (P < 0.05). Brewers’ rice improved
the antioxidant levels, indicating that brewers’ rice
can enhance effective recovery from oxidative stress
induced by AOM.
CONCLUSION: Our results provide evidence that
brewers’ rice can suppress colon cancer via the
regulation of Nrf2 expression and the inhibition of the
Wnt/NF-κB signaling pathways.
Key words: Brewers’ rice; Nuclear factor-kappa B; Colon
cancer; β-catenin; nuclear factor E2-related factor 2
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrates that a treatment
with 40% (w/w) brewers’ rice modulated the Wnt
signaling pathway. Feeding 20% (w/w) brewers’ rice
markedly improved the antioxidant level. These results
strongly imply the potential use of brewers’ rice in
future applications to combat oxidative stress and colon
cancer.

WJG|www.wjgnet.com

8827

August 7, 2015|Volume 21|Issue 29|

Tan BL et al . Brewers’ rice and colon carcinogenesis
ticularly critical in the development of colon cancer.
Glycogen synthase kinase 3β (GSK3β), a destruction
complex that modulates the degradation of β-catenin,
was also evaluated. Moreover, the potential roles of
brewers’ rice in the regulation of Nrf2-dependent
transcriptional activity were assessed during AOMinduced colon tumorigenesis in male Sprague-Dawley
rats. Nrf2 and heme oxygenase-1 (HO-1) were
evaluated to determine the effect of brewers’ rice in
carcinogen metabolism against detoxification. The
colon superoxide dismutase (SOD), malondialdehyde
(MDA), and nitric oxide (NO) levels were also analyzed
to assess the antioxidant effect of these treatments.

20% (w/w) brewers’ rice, and (G5) AOM + 40% (w/
w) brewers’ rice. Beginning at six weeks of age, the
rats were intraperitoneally given injections of AOM at
a dose of 15 mg/kg body weight once weekly over a
two-week period, whereas the rats in the normal group
were given normal saline (vehicle control). The control
groups (G1 and G2) were fed an AIN-93G diet, and
the G3, G4, and G5 groups were given an AIN-93G
diet containing 10%, 20%, and 40% (w/w) brewers’
rice, respectively. The experimental diets were
prepared weekly and kept at 4 ℃. The composition of
the experimental diet (Table 1) was adjusted according
to the nutrient content of brewers’ rice with respect to
moisture (11.36% ± 0.12%), ash (1.56% ± 0.26%),
protein (9.01% ± 0.27%), fat (1.95% ± 0.11%),
total available carbohydrates (72.42% ± 1.25%),
[12]
and total dietary fiber (5.32% ± 0.04%) contents .
After twenty weeks of treatment, the animals were
sacrificed after anesthesia with diethyl ether, and the
colon tissue was removed, rinsed with PBS, opened
TM
longitudinally, and fixed with RNA Shield reagent or
stored at -20 ℃ for further analyses.

MATERIALS AND METHODS
Chemicals and reagents

AOM and phosphate-buffered saline (PBS) were
purchased from Sigma-Aldrich (St. Louis, MO, United
TM
States). RNA Shield reagent was obtained from
Zymo Research Corp. (Irvine, CA, United States).
TM
HiYield Total Ribonucleic Acid (RNA) Mini Kit (Tissue)
was purchased from Real Biotech Corporation (Banqiao
City, Taipei County, Taiwan). High Capacity RNA-to®
cDNA Kit and SYBR Select Master Mix (CFX) were
purchased from Applied Biosystems (Foster City, CA,
United States). Specific primers were purchased from
Sigma-Aldrich (St. Louis, MO, United States). Griess
TM
Reagent Kit was obtained from Invitrogen (Carlsbad,
CA, United States). All other chemicals and reagents
used were of analytical grade and bought from SigmaAldrich (St. Louis, MO, United States).

Total RNA extraction and cDNA synthesis

The extraction of total RNA from colon tissue was
performed using the HiYield Total RNA Mini Kit (Tissue).
Initially, colon tissue disruption and homogenization
were performed according to the manufacturer’s
protocols. The colon tissue was homogenized in a
mixture of 100 µL of lysis buffer, 400 µL of RB buffer,
and 4 µL of β-mercaptoethanol. The sample was
then incubated for 5 min at room temperature and
centrifuged at 15680 × g for 5 min. The supernatant
was passed through the filter column and the collection
tube. After centrifugation at 93 × g for 1 min, 400 µL
of 70% ethanol was added and passed through the
RB column. After adding 400 µL of W1 Buffer and 600
µL of wash buffer, the RNA was eluted with 50 µL of
RNase-free water and kept at -80 ℃. Two microliters
of nuclease-free water was added to the pedestal
for a blank sample. After that, 1 μL of RNA sample
was added. The RNA concentration was measured at
260 nm using a nanophotometer. Two micrograms
of total RNA per 20 µL was reverse-transcribed using
the High Capacity RNA-to-cDNA Kit, according to the
manufacturer’s protocols. The reverse transcription
reaction was performed using an Authorized Thermal
Cycler. The reaction was performed at 37 ℃ for 60 min
followed by 95 ℃ for 5 min to denature the enzyme
and then maintained at 4 ℃. The cDNA was then ready
for use as a template for the amplification of real-time
polymerase chain reaction (PCR).

Brewers’ rice

Freshly milled brewers’ rice samples from rice variety
MR 219 were obtained from the BERNAS Milling Plant
at Seri Tiram Jaya, Selangor, Malaysia. The stabilization
of brewers’ rice was conducted as previously reported
[13]
by Tan et al .

Diet and animals

This study was conducted following the guidelines
approved by the Institutional Animal Care and Use
Committee (IACUC) of the Faculty of Medicine and
Health Sciences, Universiti Putra Malaysia (UPM)
Serdang, Selangor (IACUC protocol number: UPM/
FPSK/PADS/BR-UUH/00461). A total of 30 four-weekold male Sprague-Dawley rats (Rattus norwegicus)
were housed in a well-ventilated room at 25 to 27 ℃
with 50% ± 10% relative humidity and 12-h light/
dark cycles. Hygienic conditions were maintained
by weekly changes of woodchip beds. The animals
were acclimatized for seven days and administered
an American Institute of Nutrition (AIN)-93G diet and
water ad libitum. The animals were randomly divided
into the following five groups (six rats in each group):
(G1) normal, (G2) AOM alone, (G3) AOM + 10%
(weight (w)/weight (w)) brewers’ rice, (G4) AOM +

WJG|www.wjgnet.com

Quantitative real-time polymerase chain reaction
analysis

The nucleotide primer sequences of rat origin were
obtained from the National Center for Biotechnology
Information Gene Bank (Table 2). The specific primers
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Table 1 Composition of experimental diets
Ingredients (g/1000 g diet)

Group
G1

Brewers’ rice
Corn starch
Casein
Maltodextrin
Sucrose
Soybean oil
Powdered cellulose
AIN-93G mineral mix
AIN-93G vitamin mix
L-cystine
Choline bitartrate
tert-butylhydroquinone

397.5
200.0
132.0
100.0
70.0
50.0
35.0
10.0
3.0
2.5
0.014

G2
397.5
200.0
132.0
100.0
70.0
50.0
35.0
10.0
3.0
2.5
0.014

G3

G4

100.0
315.3
191.0
132.0
100.0
68.1
44.7
33.4
10.0
3.0
2.5
0.014

200.0
233.2
182.0
132.0
100.0
66.1
39.4
31.9
10.0
3.0
2.5
0.014

G5
400.0
68.9
164.0
132.0
100.0
62.2
28.7
28.8
10.0
3.0
2.5
0.014

G1 and G2: AIN-93G diet; G3: AIN-93G diet containing 10% (w/w) of brewers’ rice; G4: AIN-93G diet containing 20% (w/w) of brewers’ rice; G5: AIN-93G
diet containing 40% (w/w) of brewers’ rice.

cycles); and annealing/extension at 60 ℃ for 30 s (40
cycles). All samples and controls were determined in
triplicate using an Eco™ Real-Time PCR system, and
the v4.0.7.0 software (Illumina, Inc., San Diego, CA,
United States) was used for data analysis. The fold
inductions of the samples were compared with the
control (AOM-alone group). Beta-actin (ACTB), β-2
microglobulin (B2M), and ribosomal protein, large,
P1 (RPLP1) were used as housekeeping genes to
normalize the expressions of the target genes.

Table 2 Nucleotide sequence of polymerase chain reaction
primers (obtained from GenBank database)
Primer name
[Accession number]
GSK3β
[NM_032080]
Beta-catenin
[AF121265]
NF-κB
[NM_001276711.1]
iNOS
[NM_012611.3]
Nrf2
[NM_031789.2]
HO-1
[NM_012580.2]
ACTB1
[NM_031144.3]
B2M1
[NM_012512.2]
RPLP11
[NM_001007604.2]

Oligonucleotides (5’-3’)
Sequence
F: GGGCACCAGAGCTGATCTTT
R: GCCGAAAGACCTTCGTCCA
F: CGTGGAAGCTGGTGGGATG
R: TTCCTGCTTAGTCGCTGCAT
F: AGAGGATGTGGGGTTTCAGG
R: GCTGAGCATGAAGGTGGATG
F: GTACCCTCAGTTCTGTGCCT
R: TGTTGCGTTGGAAGTGTAGC
F: TCTGACTCCGGCATTTCACT
R: CCCCAGAAGAATGTGTTGGC
F: CTAGAGCAGGACATGGCCTT
R: GCCTTCTGCGCAATCTTCTT
F: CCACCCGCGAGTACAACC
R: TCAGGATGCCTCTCTTGCTC
F: CCCACCCTCATGGCTACTTC
R: GATGAAAACCGCACACAGGC
F: CAAGGTGCTCGGTCCTTCC
R: GAGCCTTTGCAAACAAGCCA

Colon tissue preparation

The colon tissues of rats were homogenized in ice-cold
PBS. Supernatants were collected by centrifugation at
370 × g and 4 ℃ for 5 min and stored at -80 ℃ for the
[14]
[15]
[16]
SOD , MDA , and NO assays.

Determination of superoxide dismutase

The SOD levels in the colon homogenates were an
alyzed following the inhibition of the reduction of
nitroblue tetrazolium (NBT). Tissue supernatant was
mixed with 0.1 mol/L of ethylenediaminetetraacetic acid
(EDTA), 0.15 mg/mL of sodium cyanide, 1.5 mmol/L
of NBT, 0.12 mmol/L of riboflavin, and 0.067 mol/L
of phosphate buffer in a 300 µL volume. The sample
absorbance was read at 560 nm, and the percentage
of SOD inhibition was compared with that of the
blank. The concentration of the sample was calculated
using the amount of protein required to achieve 50%
inhibition and expressed as U/mg of protein.

1

Housekeeping gene. ACTB: β-actin; B2M: beta-2 microglobulin; GSK3β:
glycogen synthase kinase 3β; HO-1: heme oxygenase-1; iNOS: nitric
oxide synthase, inducible; NF-κB: nuclear factor-kappa B; Nrf2: nuclear
factor E2-related factor 2; RPLP1: ribosomal protein, large, P1.

were validated for amplification specificity, amplification
efficiency over a concentration range and consistency
with the amplification efficiency of housekeeping
genes. The mRNA levels of GSK3β, β-catenin, NF-κB,
®
iNOS, Nrf2, and HO-1 were assayed using SYBR Select
Master Mix, CFX in a final volume of 20 µL, according
to the manufacturer’s protocols. Initially, the cDNA
®
template, primers, and kit contents (SYBR Select
Master Mix (CFX) and RNase-free water) were thawed
on ice. Upon thawing, the reaction mix was prepared
and thoroughly mixed. The qPCR reaction was then
analyzed based on the following conditions: (1) uracilDNA glycosylase (UDG) activation at 50 ℃ for 120 s
(1 cycle); and (2) DNA polymerase activation at 95 ℃
for 120 s (1 cycle); denaturation at 95 ℃ for 2 s (40
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Determination of malondialdehyde

Lipid peroxidation was determined by measuring
the thiobarbituric acid reactive substance (TBARS)
levels. An aliquot of 100 µL of the supernatant was
diluted with 400 µL of PBS and added with 12.5 µL of
butylated hydroxytoluene (BHT, 8.8 mg/mL) and 250
µL of trichloroacetic acid (TCA, 30%). The mixture
was vortexed, allowed to stand for 2 h at 4 ℃ and
centrifuged at 2000 × g for 15 min. The supernatant
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3.5

level of the control (normal and AOM alone) groups
and the treatment groups through quantitative realtime PCR analyses. We observed that the normal group
(2.866 ± 0.058) had the highest GSK3β mRNA level
compared with the brewers’ rice-fed groups (Figure
1). The administration of brewers’ rice significantly
increased the transcription of the GSK3β gene
compared with AOM alone (P < 0.05). These findings
clearly demonstrated that the dietary administration of
brewers’ rice in AOM-induced rat colon carcinogenesis
resulted in a dose-dependent increase in the GSK3β
mRNA level.
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As shown in Figure 1, our results showed that the
colonic tumors in the groups treated with AOM alone
had the highest β-catenin mRNA levels, whereas the
administration of 20% (0.611 ± 0.034) and 40% (0.436
± 0.045) (w/w) brewers’ rice markedly decreased
the β-catenin mRNA levels. A significant reduction
in β-catenin expression was found in the groups
administered with 20% and 40% (w/w) brewers’ rice
compared with the group treated with AOM alone
(P < 0.05). In brewers’ rice-treated AOM-injected
colon tumorigenesis rats, the phosphorylation and
degradation of β-catenin increased in a dose-dependent
manner. A very low β-catenin amount was observed in
the normal group (0.011 ± 0.003) (Figure 1).
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Figure 1 mRNA levels of GSK3β and β-catenin in AOM-injected colon
cancer treated with brewers’ rice (n = 3). aP < 0.05 vs AOM alone, Tukey’s
test. AOM: Azoxymethane; GSK3β: glycogen synthase kinase 3β.

was boiled for 15 min with 37.5 µL of 0.1 mol/L EDTA
and 125 µL of thiobarbituric acid (TBA, 1%). After
cooling at room temperature, the absorbance of the
pink-colored product was measured at 532 and 600
nm using an ELISA Reader (BioTek Instruments, Inc.,
Tigan Street, Winooski, United States). An aqueous
solution of tetramethoxypropane was used as the
standard. The MDA level was expressed as nmol MDA/
g of protein and determined using a standard curve.

Brewers’ rice inhibits the expression of NF-κ B in colon
tumorigenesis

We hypothesized that brewers’ rice downregulates
the expression of NF-κB. As expected, none of the
rats exhibited NF-κB expression in the normal colon
mucosa (Figure 2). The overall analysis indicated
that the colon tissue in the group treated with AOM
alone presented the highest NF-κB expression (1.000
± 0.048) compared with the groups treated with
brewers’ rice. A significant reduction in the gene
expression of NF-κB was also observed in the rats of
the groups treated with brewers’ rice compared with
the group treated with AOM alone (P < 0.05). This
finding revealed that the administration of brewers’
rice resulted in the inhibition of NF-κB expression, and
the maximum effect was obtained with 10% (w/w)
brewers’ rice (0.255 ± 0.022).

Determination of nitric oxide

NO production in the colon was evaluated using a
colorimetric Griess Reagent Kit, according to the
manufacturer’s protocols. A 100-µL aliquot of the
colon supernatant was loaded in the microtiter
plate, and 20 µL of Griess reagent [0.1% of N-(1naphthyl)ethylenediamine dihydrochloride and 1%
of sulfanilic acid in 5% phosphoric acid] and 80 µL of
deionized water were then added. The absorbance was
measured at 540 nm using an ELISA Reader (BioTek
Instruments, Inc., Tigan Street, Winooski, United
States).

Statistical analysis

Data are expressed as mean ± SD, and statistical
analyses were performed using one-way analysis of
variance (ANOVA). Differences with P < 0.05 were
considered significant. The statistical analyses were
performed using the Statistical Package for Social
Science (SPSS) version 19.0.

Brewers’ rice upregulates the iNOS mRNA level in colon
tumorigenesis

In the present study, we observed a high expression
of iNOS mRNA in the normal colon mucosa (9.134 ±
0.708). The data presented in this study demonstrated
that the groups administered with 20% (9.090 ±
0.519) and 40% (8.582 ± 1.261) (w/w) brewers’ rice
exhibited significantly upregulated iNOS mRNA levels
compared with the group treated with AOM alone (P <
0.05) (Figure 2).

RESULTS
Brewers’ rice promotes GSK3β mRNA level in colon
tumorigenesis

In the current study, we determined the GSK3β mRNA
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obtained in the group treated with AOM alone (18.01
± 1.43 nmol/g of protein) compared with the groups
treated with brewers’ rice. A significant reduction in the
MDA level was found in the two treatment groups (20%
(14.24 ± 0.58 nmol/g of protein) and 40% (8.14 ± 1.42
nmol/g of protein) (w/w) of brewers’ rice) compared
with that of the group treated with AOM alone (18.01
± 1.43 nmol/g of protein) (P < 0.05). These findings
indicated that the dietary administration of brewers’
rice resulted in reductions in the MDA level in a dosedependent manner, and the maximum effect was
obtained with a concentration of 40% (w/w) brewers’
rice (8.14 ± 1.42 nmol/g of protein) (Table 3).
Consistent with the high levels of MDA observed
in colon tumors, we also observed the highest NO
level in the group treated with AOM alone (798.46 ±
30.45 µmol/mg of protein) compared with those of the
other treatment groups (Table 3). After twenty weeks
of treatment with brewers’ rice, the NO level was
reduced. The suppressive effect of brewers’ rice on NO
was notable in rats that received 20% (w/w) brewers’
rice (533.40 ± 40.43 µmol/mg of protein).
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Figure 2 mRNA levels of nuclear factor-kappa B, inducible nitric oxide
synthase, nuclear factor E2-related factor 2, and heme oxygenase-1 in
azoxymethane-injected colon cancer treated with brewers’ rice (n = 3).
a
P < 0.05 vs AOM alone, Tukey’s test. AOM: Azoxymethane; HO-1: Heme
oxygenase-1; iNOS: Inducible nitric oxide synthase; NF-κB: Nuclear factorkappa B; Nrf2: Nuclear factor E2-related factor 2.

DISCUSSION
The current study is an extension of our earlier work,
which determined that brewers’ rice was an effective
dietary agent for the reduction of tumor incidence and
[12]
multiplicity in rat colons induced with AOM . We also
determined that brewers’ rice markedly suppressed
β-catenin expression in both the cytoplasm and the
[12]
nucleus . In the present study, male SpragueDawley rats were given different doses [10%, 20%,
and 40% (w/w)] of brewers’ rice. A dosage of 10%
(w/w) brewers’ rice was administered as suggested
[17]
by a previous study performed by Boateng et al
on rice bran and rice germ. This dosage has been
reported to reduce tumor formation. Moreover, higher
concentrations [20% and 40% (w/w) brewers’ rice]
were also used to determine the dose-dependent
effect of brewers’ rice as a dietary agent in a rat colon
cancer experimental model. Our earlier study reported
that the highest dose [40% (w/w) brewers’ rice] was
well-tolerated and did not suppress the growth of
[12]
rats .
Targeting Wnt signaling upstream of T-cell factor
(TCF)/β-catenin signaling is a critical therapeutic
option. In the β-catenin destruction complex, GSK3β
is one of the crucial components that modulates the
degradation or accumulation of β-catenin in the nucleus.
To ascertain whether brewers’ rice modulated GSK3β
via Wnt/β-catenin signaling, the GSK3β mRNA level was
analyzed in the colon of rats induced with AOM. Overall,
treatment with brewers’ rice resulted in an increase in
the GSK3β mRNA level, and the maximum effect was
obtained with 40% (w/w) brewers’ rice. To further verify
whether the mechanisms of action of GSK3β observed
in the colons of rats injected with AOM suppressed

Brewers’ rice activates the Nrf2 mRNA level in colon
tumorigenesis

As shown in Figure 2, in the normal group, which was
administered saline but not treated with brewers’ rice,
prominent Nrf2 gene expression was observed in the
normal colon mucosa (4.068 ± 0.155). Our results
showed that treatment with 20% (w/w) brewers’
rice (3.596 ± 0.308) effectively activated the gene
expression of Nrf2 compared with AOM alone (Figure 2).

Brewers’ rice induces Nrf2-regulated HO-1 expression in
colonic tumors

In the present study, we showed that the group
treated with 20% (2.196 ± 0.150) and 40% (1.295
± 0.063) (w/w) brewers’ rice exhibited upregulated
HO-1 expression in colonic tumor tissue. Expectedly,
we found that the normal group (3.967 ± 0.094)
presented the highest expression of HO-1 (Figure 2).

Effect of brewers’ rice on the SOD, MDA, and NO levels
in colon homogenate

The changes in the colon SOD, MDA, and NO activities
after the dietary administration of brewers’ rice on
AOM-induced colon carcinogenesis are summarized in
Table 3. The SOD levels in the two treatment groups
[20% (61.71 ± 2.36 U/mg of protein) and 40% (61.29
± 4.32 U/mg of protein) (w/w) of brewers’ rice]
were significantly elevated compared with that of the
group treated with AOM alone (43.43 ± 2.96 U/mg of
protein) (P < 0.05) (Table 3).
In addition to the effects on the SOD level, our
findings showed that the highest MDA level was
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Table 3 Colon superoxide dismutase, malondialdehyde, and nitric oxide levels in azoxymethane-induced colon cancer after twenty
weeks treatment
Group
Normal
AOM alone
AOM + 10% (w/w) of brewers’ rice
AOM + 20% (w/w) of brewers’ rice
AOM + 40% (w/w) of brewers’ rice

SOD (U/mg of protein)

MDA (nmol/g of protein)

NO (µmol/mg of protein)

60.93 ± 5.23a
43.43 ± 2.96
43.85 ± 6.32
61.71 ± 2.36a
61.29 ± 4.32a

5.36 ± 0.23a
18.01 ± 1.43
17.34 ± 3.16
14.24 ± 0.58a
8.14 ± 1.42a

414.64 ± 11.59a
798.46 ± 30.45
622.70 ± 15.62a
533.40 ± 40.43a
619.35 ± 15.04a

Each value expressed as mean ± SD (n = 3). aP < 0.05 vs AOM alone, Tukey’s test. MDA: Malondialdehyde; NO: Nitric oxide; SOD: Superoxide dismutase.

β-catenin expression, the mRNA level of β-catenin in
response to brewers’ rice was further analyzed.
The Wnt/β-catenin pathway plays a vital role in tissue
homeostasis and cancer susceptibility. The dysregulation
of β-catenin and other Wnt molecules results in the
nuclear localization of β-catenin, stimulation of Wnt
[18]
target genes, and tumor formation . Mutations in the
β-catenin gene are usually found in AOM-induced colon
[19]
tumorigenesis in rats and mice . These findings, which
are supported by the current data, further indicate
that the activation of the β-catenin gene plays a vital
role in the development of colon tumors in rats. The
finding that the depletion of β-catenin suppresses tumor
incidence and multiplicity in brewers’ rice-treated AOMinduced colon tumorigenesis suggests that brewers’ rice
may become a potential strategy for the therapeutic
control of Wnt/β-catenin signaling in colon cancer. In the
present study, treatments with brewers’ rice resulted
in increased GSK3β and decreased β-catenin, and
the maximum effect was observed with 40% (w/w)
brewers’ rice. The effects observed in the treatment
with 40% (w/w) brewers’ rice could be explained by its
higher concentrations of active compounds in brewers’
rice, which may confer better functional properties in
the regulation of Wnt/β-catenin signaling pathway. A
very low β-catenin mRNA level observed in the normal
group was consistent with the findings reported by
[20]
Barker et al , who found that Wnt/β-catenin signaling
played an essential role in intestinal development, which
is specific for the intestinal and mammary epithelia.
A previous study also demonstrated that most of the
β-catenin protein was present at very low amounts in
[21]
the cytoplasm or nucleus of normal cells . Cytoplasmic
β-catenin was maintained at a low level for tissue
homeostasis, particularly in strongly proliferative, self[22]
renewing tissues, such as the skin and gut . However,
Wnt pathway mutations are not the only factors that
[23]
promote the activation of β-catenin . A study reported
that NF-κB also plays a crucial role in colorectal and
[24]
colitis-associated tumorigenesis . Aberrant NF-κB
stimulation has been identified in more than 50% of
[25]
colorectal and colitis-associated tumors . Thus, the
expression levels of NF-κB in response to brewers’ rice
were evaluated in the colons of rats induced with AOM.
The NF-κB family is a group of inducible transcription
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factors that are involved in immune and inflammatory
responses and inhibit cell apoptosis. A previous
study revealed that cancer cells with activated NFκB are resistant against chemotherapeutics and
ionizing radiation and that suppression of NF-κB
activity markedly increases the sensitivity of cells
[26]
to chemotherapeutic agents . The inhibition of
NF-κB transcriptional activity resulting from the
administration of brewers’ rice was further supported
[27]
[28]
by Biswas et al
and Xie et al , who found that
phenolic compounds inhibited NF-κB in cell cultures
and promoted anti-inflammatory and antioxidant
responses. Although the maximum effect was observed
in 10% (w/w) brewers’ rice, there was no significant
difference between groups fed with 10% (w/w)
brewers’ rice and groups fed with diets containing
20% (w/w) brewers’ rice or 40% (w/w) brewers’ rice
(P > 0.05). The reason for the lack of any clear dosedependence effects remains to be elucidated. One
of the possible reasons may be due to the efficiency
of brewers’ rice involved in the inhibition of NFκB transcriptional activity reached with 10% (w/w)
brewers’ rice. Collectively, the data presented in
this study suggest that brewers’ rice may modulate
colon tumor development through NF-κB signaling.
In addition to the effects observed in Wnt and NFκB signaling, the role of iNOS in the suppression of
colon tumorigenesis elicited by brewers’ rice remains
unknown. Therefore, we further determined the
chemoprevention mechanism of iNOS on brewers’ rice
in this model.
NO is produced during transcription and translation
via iNOS, and once active, iNOS synthesizes high
[29]
NO levels until substrate depletion . However, our
study shows contradictory results. It is possible that
multiple cellular factors affect the sensitivity of NO, like
specific NO metabolism pathways and interactions with
other free radicals. The sensitivity of NO may also be
associated with the expression of apoptosis-associated
[30]
proteins, including Bcl-2, Bax, and Fas . Excessive
NO production can decrease the concentration of DNA
repair enzymes and inhibit apoptosis through the
[31]
nitrosylation of caspases . The upregulation of iNOS
mRNA levels in the current study was consistent with
[32]
the results obtained by Radomski et al
and Dong et
[33]
al , who reported that the expression of iNOS was
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inversely associated with metastatic activity in human
colon cancer and murine melanoma (K-1735) cells.
[34]
This finding was further supported by Shi et al ,
who demonstrated that iNOS overexpression not only
attenuated the proliferation and metastasis of human
renal cell carcinomas and murine fibrosarcoma but also
induced apoptosis. However, the study conducted by
[34]
Shi et al contradicted the results reported by Sheng
[35]
[36]
et al
and Di Popolo et al , who demonstrated
that elevated iNOS mRNA and protein levels partially
contributed to the inhibition of apoptosis in colon
cancer cells. Therefore, the activation of iNOS at the
mRNA level may play a critical role in growth inhibition
and apoptosis in a human colorectal cancer (HT-29)
[13,37]
cell line, as determined in our earlier studies
. A
previous study showed that Nrf2 enhanced the basal
expression of cytoprotective genes and suppressed
[38]
cytokine-mediated inflammation . Thus, the
expression of Nrf2 in AOM-induced colon tissue was
evaluated to determine whether brewers’ rice could
modulate Nrf2 at the mRNA level.
Nrf2, which belongs to the Cap‘n’Collar family of
basic region-leucine zipper transcription factors, was
shown to be a key element in the antioxidant response
[39]
element (ARE)-mediated transcriptional machinery .
Nrf2 plays a crucial role in the regulation of phase Ⅱ
[40]
detoxifying and antioxidant enzymes via AREs . To
determine whether brewers’ rice decreased colorectal
cancer by modulating the antioxidant-mediated
pathway, we examined the transcription of Nrf2.
Treatment with 20% and 40% (w/w) brewers’ rice
effectively activated the gene expression of Nrf2 and
may be associated with the modulation of xenobioticmetabolizing enzymes and responsible for the balance
[41]
of carcinogen metabolism against detoxification .
Nrf2 is stimulated by an oxidative signal in the
cytoplasm, which allows its translocation to the
nucleus where it interacts with DNA ARE regions and
promotes the expression of cytoprotective enzymes,
such as glutathione S-transferase (GST), SOD, HO-1,
and NADPH-quinone oxidase (NQO) (ARE-regulated
[42]
genes) . Our findings indicated that the manipulation
of brewers’ rice in colonic tumor leads to changes in
the gene expression of Nrf2-regulated HO-1, further
suggesting that brewers’ rice is a positive regulator
of Nrf2 signaling. The transcriptional downregulation
of β-catenin and NF-κ B in carcinogen-injected
rats after treatment with a brewers’ rice diet was
hypothesized because the carcinogen metabolism
may have been shifted via Nrf2 and HO-1 in the
colon. Our present study suggests that the possible
chemopreventive mechanisms of brewers’ rice against
colon carcinogenesis may be associated with both the
phase Ⅰ and Ⅱ drug-metabolizing enzymes regulated
by Nrf2, thus resulting in the detoxification of AOM and
the rapid metabolism of AOM by P450. Collectively, this
finding suggests that brewers’ rice may represent a
promising natural dietary agent for the transcriptional
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downregulation of β-catenin and NF-κB and the
upregulation of Nrf2 and HO-1 levels.
In addition to the effects observed in Nrf2 and
HO-1 activation, the upregulation of Nrf2 and
HO-1 activities in rats administered brewers’ rice
indicated that brewers’ rice may be associated with
an antioxidant enzyme. Therefore, the effect of
treatments with brewers’ rice on the SOD, MDA, and
NO activities in AOM-injected rats was examined.
The decreased SOD levels in the group treated with
AOM alone illustrated that the defense mechanism
may have been overwhelmed to alleviate the amount
of superoxide produced by the carcinogen. The
observed effect may also be due to the impairment of
antioxidant enzymes, which act as safeguards for cells
[43]
during reactive oxygen species (ROS) detoxification .
This finding implies that the group treated with
AOM alone, in which carcinogenesis was induced
but no brewers’ rice treatment was administered,
exhibited a reduction in SOD activity associated with
a decreased antioxidative capacity. The group treated
with AOM alone presented an increased MDA level
and subsequently, increased lipid peroxidation, which
was evident by the accumulation of β-catenin. Taken
together, these findings suggest that the increased
SOD and decreased MDA formation observed in the
groups treated with brewers’ rice may be associated
with a high total phenolic content and the bioactive
compounds present in brewers’ rice, as reported by
[13]
Tan et al . Overall, the data obtained in this study
suggest that brewers’ rice has the potential to increase
SOD levels and reduce the activities of MDA and NO.
The transcriptional inhibition of β-catenin and
NF-κB activities may lead to a suppression of
colon cancer development, which implies that the
observed effects can likely be attributed to the dietary
compositions present in brewers’ rice. Most studies
have demonstrated the additive and/or synergistic
[44-46]
effects of some phytochemicals and nutrients
.
Therefore, in the current study, rather than isolated
compounds, brewers’ rice was administered to the rats.
Results from our earlier study indicated that brewers’
rice consisted of a phenolic antioxidant, phytic acid,
[13]
vitamin E, and γ-oryzanol . The synergistic/additive
activities of these components in brewers’ rice may
contribute to a negative regulation of the Wnt and NFκB signaling pathways to induce the phosphorylation
and degradation of β-catenin and NF-κB expression, as
observed in the present study. In addition to the effects
observed in the Wnt and NF-κB signaling pathways,
it is plausible that the bioactive constituents present
in brewers’ rice facilitates the modulation of Nrf2 and
Nrf2-regulated HO-1 expression, which subsequently
enhances the antioxidant enzyme to mediate oxidative
stress in the carcinogen-treated brewers’ rice-fed
groups. In conclusion, this study provides clear
evidence that brewers’ rice offers great potential against
colorectal cancer via the regulation of Nrf2 expression
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and the inhibition of the Wnt and NF-κB signaling
pathways. However, this study has been limited to the
use of brewers’ rice in male Sprague-Dawley rats, and
the duration of the treatment was only twenty weeks.
Therefore, further studies are warranted in long-term
animal studies or human clinical trials to confirm these
findings. Uncontrolled signaling through the wingless/
Wnt pathway and overexpression of NF-κB have been
reported to play crucial roles in the development of
colorectal cancer. Nrf2 is responsible in the regulation
of phase Ⅱ detoxification and antioxidant enzymes.
Our findings showed that the dietary administration of
40% (w/w) brewers’ rice modulated the Wnt signaling
pathway. Feeding 20% (w/w) brewers’ rice improved
the antioxidant level, which indicated that brewers’
rice can effectively enhance recovery from oxidative
stress induced by AOM. Taken together, these results
strongly imply the potential use of brewers’ rice in
future applications to combat oxidative stress and colon
carcinogenesis.

key element in the ARE-mediated transcriptional machinery and plays a critical
role in the regulation of phase Ⅱ detoxification and antioxidant enzymes.
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Abstract
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AIM: To investigate the expression and oncogenic role
of nemo-like kinase (NLK) in colorectal cancer.

Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of Shanghai Changhai
Hospital, Second Military Medical University.

METHODS: Expression of NLK protein was assessed
by immunohistochemistry in tissue specimens from
56 cases of normal colorectal mucosa, 51 cases of
colorectal adenoma, and 712 cases of colorectal cancer.
In addition, NLK expression was knocked down using a
lentivirus carrying NLK small hairpin RNA in colorectal
cancer cells. Cell viability methylthiazoletetrazolium
assays, colony formation assays, flow cytometry cell
cycle assays, Transwell migration assays, and gene
expression assays were performed to explore its role
on proliferation and migration of colorectal cancer.
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the use is non-commercial. See: http://creativecommons.org/
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RESULTS: Expression of NLK protein progressively
increased in tissues from the normal mucosa through
adenoma to various stages of colorectal cancer.
Overexpression of NLK protein was associated with
advanced tumor-lymph node-metastasis stages, poor
differentiation, lymph node and distant metastases, and
a higher recurrence rate of colorectal cancer (P < 0.05).
Multivariate analyses showed that NLK expression was
an independent prognostic factor to predict overall
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[5-7]

treatment selections (such as targeted therapy) ; in
addition, it is easy to assess a small amount of tumor
[4]
tissues . Such an approach has been used to predict
[8]
the long-term survival of CRC patients . To date, due
to the advancement of surgical techniques and the
integration of chemoradiotherapy and targeted therapy,
the prognosis of CRC patients has been significantly
[9,10]
improved
. However, in advanced CRC patients
and those with local recurrence or distant metastasis,
[11,12]
the prognosis is still very poor
. Therefore, the
molecular mechanisms and key regulators of CRC
progression and metastasis need to be investigated to
provide biomarkers to predict the risk of developing
[13]
CRC local recurrence and distant metastasis , which
could in turn enable us to optimally select treatment
strategies and eventually improve patient prognosis.
Nemo-like kinase (NLK), an evolutionarily con
[14]
served serine/threonine protein kinase , regulates
many transcription factors and signaling pathways
[15,16]
that are important for determining cell fate
. NLK
is an important regulator of several signal transduction
pathways including Wnt and Notch signaling pathways,
both of which play critical roles in tumorigenesis. NLK
is able to regulate the Wnt/β-catenin signaling pathway
by phosphorylation of lymphoid enhancer-binding
[15]
factor 1 in neural progenitor cells . In addition, NLK, as
a negative regulator of the Notch signaling pathway, is
able to inhibit formation of the transcriptionally active
ternary complex of the notch intracellular domain,
[16]
CSL, and mastermind . Altered NLK expression also
is associated with the development and progression
[17-20]
of several human cancers
. Upregulation of
[17]
NLK protein occurs in hepatocellular carcinoma ,
whereas NLK expression is downregulated in prostate
[18]
cancer cells . In other human cancers, knockdown
of NLK expression was able to reduce tumor cell
[19,20]
viability
. Furthermore, NLK gene variations are
[21]
associated with ovarian cancer risk . Because NLK
is a member of the mitogen-activated protein kinase
family, which functions to promote cell proliferation,
in this study, we first evaluated the NLK expression
level via immunohistochemistry in normal mucosa,
adenoma, and CRC tissue specimens from 712 cases.
We also included 16 familial adenomatous polyposis
(FAP) patients and 21 metastatic CRC patients. Next,
we knocked down NLK expression using a lentivirus
carrying NLK small hairpin RNA (shRNA) to assess the
effects on CRC cells, including cell viability, cell cycle
distribution, colony formation, migration, and gene
expression.

survival (hazard ratio 2.57, 95% confidence interval:
1.66-3.98; P < 0.001) and disease-free survival (hazard
ratio 1.96, 95% confidence interval: 1.40-2.74: P <
0.001) of colorectal cancer patients. Furthermore,
knockdown of NLK expression in colorectal cancer
cell lines reduced cell viability, colony formation, and
migration, and arrested tumor cells at the G0/G1
phase of the cell cycle. At the gene level, knockdown
of NLK expression inhibited matrix metalloproteinase-2
expression in colorectal cancer cells.
CONCLUSION: NLK overexpression is an independent
prognostic factor in colorectal cancer and knockdown
of NLK expression inhibits colorectal cancer progression
and metastasis.
Key words: Colorectal cancer; Gene regulation; Nemolike kinase; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Altered expression of nemo-like kinase
(NLK) protein is associated with cancer development.
This study systematically evaluated NLK expression
in different stages of colorectal cancer (CRC) for
association with CRC prognosis. NLK expression
progressively increased from normal tissues through
adenoma, stage Ⅰ , Ⅱ , and Ⅲ , to stage Ⅳ CRC.
However, knockdown of NLK expression significantly
inhibited CRC cell growth, migration, cell cycle
progression, and matrix metalloproteinase-2 expression.
These data demonstrate that NLK overexpression
is an independent CRC prognostic indicator and
that knockdown of NLK expression inhibits CRC cell
progression and metastasis.
Zhang W, He J, Du Y, Gao XH, Liu Y, Liu QZ, Chang WJ, Cao
GW, Fu CG. Upregulation of nemo-like kinase is an independent
prognostic factor in colorectal cancer. World J Gastroenterol
2015; 21(29): 8836-8847 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i29/8836.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8836

INTRODUCTION
Colorectal cancer (CRC) remains a significant worldwide
health problem and was responsible for more than 1.2
million new cancer cases and over 600000 cancer[1]
related deaths in 2008 worldwide . Currently, the
tumor-lymph node-metastasis (TNM) staging system is
utilized to stage the disease, guide treatment selections,
[2,3]
and predict the prognosis for CRC patients . However,
utilization of this staging system is not always possible,
such as in CRC detected by colonoscopy or malignant
[4]
colorectal polyps resected under endoscopy . In this
regard, biologic markers could help us to precisely
predict the prognosis, treatment responses, or even

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients and tissue samples

[22]

The study population has been described previously .
Specifically, there were five groups of patients enrolled
in this study. Group A consisted of 56 patients with
normal rectal mucosa. Samples were obtained from
patients with severe mixed hemorrhoids who underwent
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the procedure for prolapse and hemorrhoids. All
patients had morphologically normal colorectal mucosa
that were free of neoplastic or inflammatory diseases
[22]
and confirmed by preoperative colonoscopy . Group
B included 51 patients with colorectal adenomatous
polyps. Group C included 742 patients with sporadic
histologically confirmed CRC, including 53 stage Ⅰ ,
312 stage Ⅱ, 322 stage Ⅲ, and 55 stage Ⅳ patients.
Group D consisted of 16 FAP patients with concomitant
CRC, each with a set of three matched specimens
(normal mucosa, adenoma, and carcinoma). Group
E consisted of 21 patients with metastatic CRC and
concurrently resected metastatic carcinoma. Each
of these metastatic patients also had a set of three
matched specimens (normal mucosa and primary
and metastatic tumors). Of these 21 metastatic
carcinomas, 19 had liver metastases and 2 had greater
omental metastases. All patients underwent surgical
treatment in the Department of Colorectal Surgery,
Changhai Hospital, The Second Military Medical
University (Shanghai, China) between December 1999
and December 2009. All diagnoses were confirmed
histopathologically by two independent pathologists.
This study was approved by the Ethics Committee of
Changhai Hospital, and written informed consent was
obtained from all patients.
Tissue specimens were processed and embedded
in paraffin, and paraffin blocks from each lesion were
used to construct the tissue microarrays (TMAs) as
[22]
described previously . A total of six TMA blocks
covering all the tissue specimens were constructed and
used for immunostaining of NLK expression.

lower expression (- to +) and higher expression (++ to
+++) groups for analyses.

Cell lines and culture

An embryonic kidney HEK293T cell line and CRC SW480,
SW620, RKO, DLD-1, HCT116, and HT-29 cell lines were
obtained from the Shanghai Institute of Biochemistry
and Cell Biology, Chinese Academy of Science (Shanghai,
China) and maintained in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) at 37 ℃ in a humidified incubator with 5%
CO2.

Lentivirus packaging and cell infection

[20]

According to a previous protocol , we selected
the NLK sequence (5′-GATAGACCTATTGGATATG-3′)
according to GenBank data (NM_016231) to knock
down NLK expression, and the negative control
sequence used was 5′-TTCTCCGAACGTGTCACGT-3′.
The double-strand oligonucleotides were synthesized
and then cloned into the pFH-L vector (Shanghai Preii,
Shanghai, China). Next, the lentivirus was generated,
packaged, and used to infect cells according to the
manufacturer’s instructions. In brief, 293T cells were
cotransfected with shRNA-expressing plasmids and
the two helper plasmids pCMV∆R8.92 and pVSVG-I
(Shanghai Preii) using Lipofectamine 2000 (Invitrogen
of Thermo Fisher Scientific, Waltham, MA, United
States). After 48 h, culture medium containing the
packaged lentivirus was harvested and concentrated.
4
To infect cells, HT-29 cells (5 × 10 /well) were infected
with lentivirus carrying NLK (Lv-shNLK) or negative
control (Lv-shCon) shRNA with a multiplicity of
infection of 50 using 2 µl of Polybrene (at a stock of 4
µg/µl) in 1 mL of virus/media at a final concentration
of 8 µg/mL; 24 h later, the culture medium was
replaced with a regular medium. The NLK knockdown
efficiency was validated by quantitative real-time
reverse transcription (qRT)-PCR and Western blotting
5 d after lentivirus infection. After confirming the
knockdown efficiency, cells were seeded into 96-well
plates for the methylthiazoletetrazolium (MTT) cell
proliferation assay and 6-well plates for the colony
formation assay and cell cycle analysis.

Immunohistochemistry

Immunohistochemistry was performed as described
[22]
previously . Briefly, the deparaffinized sections were
incubated with 0.3% hydrogen peroxide and then with
20% goat serum to block nonspecific binding. Next,
the TMA sections were incubated with a monoclonal
anti-NLK antibody (ab69933; Abcam, Cambridge,
United Kingdom) at a dilution of 1:100 for 2 h in a
humidified chamber at room temperature. After that,
the sections were further incubated with a secondary
antibody and underwent a color reaction.
All immunostained TMA sections were reviewed
and scored by two investigators (Gao XH and He
J) who were blinded to the clinical information.
The concordance rate was high (> 94%) and any
disagreements were resolved by consensus. The level of
NLK expression was scored using the criteria available
[23]
[22]
on the ATLAS web site and as described previously .
In particular, immunostaining of NLK protein was scored
using the multiplication of the intensity and percentage
of staining with a scale from 0 to 12. Staining of tumor
cells with final staining scores of 0, 1-4, 5-8, and 9-12
was assigned as negative (-), slightly positive (+),
moderately positive (++), and strongly positive (+++),
[22]
respectively . The scores were further categorized into
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RNA isolation and qRT-PCR

Total cellular RNA was isolated using Trizol reagent
(Invitrogen) and reversely transcribed into cDNA
using M-MLV-RTase (Promega, Madison, WI, United
States) according to the manufacturers’ instructions.
cDNA samples were then used for qPCR amplification
of NLK using the SYBR-Green Master PCR Mix
(Applied Biosystems of Thermo Fisher Scientific)
in triplicate. qPCR amplification and data collec
tion were performed on the TP800 qPCR System
(Takara Bio Inc., Otsu, Shiga, Japan). All data were
normalized to an endogenous control, glyceraldehyde
3-phosphate dehydrogenase (GAPDH). The relative
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value of NLK mRNA expression compared to the
-(Ct-Cc)
control was expressed as 2
(Ct and Cc were the
mean threshold cycle differences after normalizing
to GAPDH). The primers used for qPCR were as
follows: GAPDH, 5′-TGACTTCAACAGCGACACCCA-3′
a n d 5 ′ - G G A G TG TTG G A G A A G TC ATATTA C- 3 ′ ;
and NLK, 5′-ATCATCAGCACTCGCATCATC-3′ and
5′-GACCAGACAACACCAAAGGC-3′.

Calibur; BD Biosciences, San Jose, CA, United States)
according to the manufacturers’ instructions.

Tumor cell Transwell migration assay

The Transwell migration assay was conducted as
[24]
4
described previously . Briefly, 2 × 10 parental and
Lv-shCon- or Lv-shNLK-infected HT-29 cells were
suspended in 200 µL of DMEM without FBS and placed
into the upper chamber of the Transwells. The lower
chamber was filled with 500 µL of DMEM containing
10% FBS. The cells were allowed to grow and migrate
through these polycarbonate membranes with 8.0-µmsized pores (Corning Inc., Corning, NY, United States)
at 37 ℃ with 5% CO2 for 24 h. Cells remaining on the
upper surface of the filter were removed, and those
that had migrated to the lower compartment were fixed
with methanol, stained with crystal violet, and counted
visually in five random fields under a light microscope.
In addition, the migrated cells were dissociated, lysed,
and quantified using a spectrophotometer at 570 nm.
All of the experiments were performed in triplicate and
repeated three times.

Protein extraction and Western blot

Total cellular protein was extracted using a lysis
buffer containing 100 mmol/L Tris, 4% sodium
dodecyl sulfate (SDS), 10% glycerol, 200 mmol/L
NaCl, and 2 mmol/L EDTA, and then quantified.
For Western blot, cell lysates were separated in
12% SDS-polyacrylamide gels and transferred onto
polyvinylidene fluoride membranes (Millipore Corp.,
Billerica, MA, United States). The membranes were
then blocked in a 5% skim milk solution, followed
by incubation in milk containing mouse anti-NLK
monoclonal antibody (Abcam). Western blotting was
developed using a horseradish peroxidase-conjugated
goat anti-mouse IgG (Santa Cruz Biotechnology,
Dallas, TX, United States) and was detected by an
enhanced chemiluminescence reagent (Santa Cruz
Biotechnology). GAPDH was used as an internal control
for Western blotting analysis.

Statistical analysis

Associations between NLK expression and clinico
pathologic variables were assessed by nonparametric
(Mann-Whitney U or Kruskal-Wallis) tests. NLK
expression in the paired tissue specimens, such as FAP
and metastatic CRC, was compared using a paired
nonparametric test (Wilcoxon test). Disease-free
survival (DFS) was defined as the period from the date
of surgery to the date of confirmed tumor relapse for
relapsed patients or to the date of the last follow-up for
non-recurrent patients. The Kaplan-Meier method was
used to estimate the overall survival (OS) and DFS,
and analyzed using the log-rank test. Cox proportional
hazards models were used to estimate the survival
distributions and hazard ratios. Data on the in vitro
experiments were compared using the Student’s t test.
All statistical analyses were two-sided and conducted
using SPSS software version 18.0 (SPSS Inc., Chicago,
IL, United States). A p < 0.05 was considered as
statistically significant.

Cell viability MTT assay

Cells infected with Lv-shNLK or Lv-shCon were seeded
in 96-well plates at a density of 2000 cells per well.
At the indicated time points, 20 µL of MTT solution
(5 mg/mL) was added to each well. The plates were
further incubated for 4 h at 37 ℃ , and 150 µL of
dimethyl sulfoxide was added into each well to dissolve
the crystals. After incubation for 10 min at room
temperature, the absorbance was recorded at 490 nm.

Colony formation assay

CRC HT-29 cells were infected with Lv-shNLK or LvshCon. Five days later, the cells were collected and
reseeded at 300 cells per well in 6-well plates in
triplicate. The cells were incubated at 37 ℃ in 5%
CO2, and the growth medium was renewed every 3
d. After 14 d of culture, the plates were stained with
Giemsa, and the numbers of colonies were counted
and recorded.

RESULTS
Upregulated NLK expression from normal mucosa
through adenoma to CRC ex vivo

Flow cytometry cell cycle assay

TMAs containing CRC tissue specimens from 742 cases
[22]
from our previous study
were used. During cutting,
tissue samples from 30 cases were lost, leading to 712
CRC samples for the current study.
Immunostaining data showed that NLK was pri
marily expressed in the cytoplasm of epithelial cells
and was significantly upregulated from the normal
mucosa through adenoma to CRC (Figure 1). There
were significant differences in NLK expression among
these six groups of tissue specimens (p < 0.001; Table

HT-29 cells infected with Lv-shNLK or Lv-shCon were
inoculated in a 6-cm dish and cultured for 40 h. At
6
the end of the experiments, 1 × 10 cells from each
well were harvested and fixed in 70% ethanol for 1 h.
After washing three times with ice-cold PBS, the cells
were treated with 50 µL/mL propidium iodide solution
(Sigma-Aldrich, St. Louis, MO, United States) and 100
µL/mL RNase in PBS for 15 min at room temperature
in the dark and analyzed by flow cytometry (BD FACS
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Normal mucosa (-)

Stage Ⅱ CRC (++)

Adenoma (+)

Stage Ⅰ CRC (+)

Stage Ⅲ CRC (+++)

Stage Ⅳ CRC (+++)

Figure 1 Representative immunohistochemical data of nemo-like kinase expression. Expression of NLK protein was mainly present in the cytoplasm of tumor
cells, as indicated by the brown color (magnification × 200). CRC: Colorectal cancer.

in primary CRC was significantly higher than in
the normal mucosa (p = 0.024), but there was no
significant difference between metastatic and primary
tumors (Figure 3).

Table 1 Differential expression of nemo-like kinase protein
in normal mucosa, adenoma, and various stages of colorectal
cancer tissue specimens
Characteristic Total
Normal
mucosa
Adenoma
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

NLK expression
Positive
+ ++ +++
rate

2

Mean P value
1
rank

56

14

35

6

1

75.0%

216.32

51
53
312
298
49

7
4
31
24
1

31
22
97
76
7

13
21
154
165
17

0
6
30
33
24

86.3%
92.5%
90.1%
91.9%
98.0%

273.63
0.049a
392.97
0.005c
410.66
0.573
441.42
0.074
596.47 < 0.001b

Association between NLK expression and
clinicopathologic factors

-

The clinicopathologic variables are shown in Table 2. In
brief, overexpression of NLK protein was significantly
associated with tumor lymph node metastases, distant
metastasis, advanced TNM stages, poorer tumor
differentiation, and higher recurrence rate (all p <
0.05). Moreover, NLK expression was significantly
higher in rectal cancer than in colon cancer (p < 0.001).
There was no significant association between NLK
expression and other clinicopathologic factors.

1

Kruskal–Wallis test was used for the overall comparison (P < 0.001);
Mann-Whitney U test was used to determine significant differences
between two groups. aP ≤ 0.05 vs normal mucosa; cP ≤ 0.05 vs adenoma;
b
P ≤ 0.01 vs stage Ⅲ cancer.
2

Association of NLK expression with survival of CRC
patients

1). Furthermore, overexpression of NLK protein in the
tumor tissues was verified using Western blot, and
overexpression of NLK mRNA was verified using qRTPCR with ten cases of CRC and paired normal mucosae
(Supplemental materials). The level of NLK mRNA in
the tumor tissues was significantly higher than in the
normal tissues (p < 0.05).
Next, we analyzed NLK expression in mucosa,
adenoma, and adenocarcinoma tissues from 16 FAP
patients. These data showed that NLK expression was
significantly increased between normal mucosa and
adenoma tissues (p < 0.001), as well as between
adenoma and adenocarcinoma tissues (p = 0.003;
Figure 2).
We also analyzed the NLK expression in normal
mucosa as well as primary and metastatic CRC tissues
from 21 patients. We found that the NLK expression

WJG|www.wjgnet.com

Patients with NLK-overexpressing tumors had a worse
OS and DFS compared to those without or with weakly
NLK-expressing tumors (all p < 0.001; Figure 4).
Univariate analyses identified advanced TNM stages,
colon cancer, elevated serum carcinoembryonic antigen
(CEA), elevated serum cancer antigen (CA)19-9,
overexpression of NLK protein, and postoperative
radiochemotherapy as associated with a shorter OS (all
P < 0.01), whereas advanced TNM stages, elevated
serum CEA, elevated serum CA19-9, higher expression
of NLK, and postoperative radiochemotherapy were
associated with a shorter DFS (all P < 0.001) (Table
3). Multivariate analysis showed that advanced TNM
stages, poor tumor differentiation, rectal cancer,
elevated serum CEA, and higher expression of NLK
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Figure 2 Immunohistochemical detection of nemo-like kinase expression in familial adenomatous polyposis. Representative sections of A: Normal mucosa; B:
Adenoma; and C: Adenocarcinoma; D: Individual; and E: Pooled quantification of staining from 16 familial adenomatous polyposis patients. bP < 0.01, dP < 0.001 via
Wilcoxon test.

were independent predictive factors for a shorter OS
(all p < 0.05), whereas advanced TNM stage, elevated
serum CA19-9, and overexpression of NLK protein
were independent predictive factors for a shorter DFS
(all P < 0.01).

cells infected with Lv-shNLK compared to Lv-shCon (p
< 0.05; Figure 5B and C).
Next, we assessed the effects of NLK knockdown on
regulation of tumor cell viability and colony formation.
We found that knockdown of NLK expression reduced
the numbers of HT-29 cells compared to the control
group (p < 0.05; Figure 5D). The colony formation
assay also showed that NLK knockdown in HT-29 cells
resulted in fewer colonies compared to the control
group (p < 0.05; Figure 5E). The Transwell tumor
cell migration assay showed that a significantly lower
proportion of HT-29 cells with NLK knockdown was
able to migrate into the bottom chambers compared
to the control group (p < 0.01; Figure 5F).

Effects of NLK knockdown on tumor cell viability, colony
formation, and migration
To explore the role of NLK in CRC, we first detected
NLK expression in six different colorectal cell lines
using qRT-PCR (Figure 5A). These data showed that
NLK was expressed in all cell lines, with the highest
NLK level in HT-29 cells. Thus, we selected HT-29 cells
for our knockdown experiments. Specifically, NLK
expression was downregulated by Lv-shNLK compared
to Lv-shCon. At the highest infection efficiency, green
fluorescent protein was expressed in > 90% of infected
HT-29 cells. Five days after infection, the levels of NLK
mRNA and protein were reduced significantly in HT-29
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Effects of NLK knockdown on regulation of tumor cell
cycle progression

A flow cytometric cell cycle assay was performed using
HT-29 cells 5 d after infection. These data showed
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Figure 3 Immunohistochemical detection of nemo-like kinase expression in colorectal cancer. Representative sections of A: Normal mucosa; B: Primary tumor;
C: Metastatic tumor; D: Individual; and E: Pooled quantification of staining from 21 patients with metastatic colorectal cancer. aP < 0.05 via Wilcoxon test.

that after HT-29 cells were infected with Lv-shNLK,
the number of G0/G1 phase cells was increased
significantly (p < 0.01), whereas the number of S
phase cells was reduced significantly (p < 0.01),
indicating that Lv-shNLK infection arrested HT-29 cells
at the G0/G1 phase of the cell cycle (Figure 6A and
B). NLK knockdown also reduced the levels of matrix
metalloproteinase-2 mRNA and protein (both p < 0.01;
Figure 6C and D).

The results show that NLK protein is progressively
overexpressed from the normal mucosa through
adenoma to various stages of CRC, and that NLK
overexpression is associated with advanced tumor TNM
stages, poor differentiation, lymph node and distant
metastases, and a higher recurrence rate of CRC. NLK
expression was also one of the independent prognostic
factors to predict OS and DFS of CRC patients. These
results are consistent with the those reported by Chen
[26]
et al
who showed that patients with NLK-positive
tumors had higher rates of recurrence and mortality
than patients with NLK-negative tumors, and that
NLK expression was an independent factor of OS and
[26]
[27]
DFS in CRC patients . However, Han et al
found
different results based on expression of NLK mRNA in
92 CRC cases. This inconsistency may be explained by
the difference between expression of NLK protein and
mRNA. In addition, the in vitro data from the current

DISCUSSION
To date, numerous studies have reported an association
[25]
between NLK expression and cancer development . In
the current study, NLK expression was analyzed in five
groups of colorectal tissue specimens and then in vitro
experiments were performed to assess the potential
role of NLK in CRC development and progression.

WJG|www.wjgnet.com

8842

August 7, 2015|Volume 21|Issue 29|

Zhang W et al . NLK: A prognostic factor of CRC
Overexpression of NLK protein was associated with
poorer clinicopathologic parameters, such as an
advanced TNM stage, poor differentiation, lymph
node and distant metastases, and a higher recurrence
rate in CRC, thus contributing to poor OS and DFS of
these CRC patients. These data are consistent with
the overexpression of NLK in other organ sites of
[7]
cancer . Indeed, NLK is a member of the mitogenactivated protein kinase family that functions to
promote cell proliferation; thus, overexpression of
NLK could lead to cell proliferation and malignant
transformation. Furthermore, the multivariate analysis
in this study confirmed that NLK expression is one of
the independent prognostic factors of the OS and DFS
for CRC patients.
One unique feature of this study is that over
expression of NLK was confirmed in the paired tissues
of normal mucosa, adenoma, and adenocarcinoma
from 16 FAP patients, as well as in the paired tissues of
normal mucosa and primary and metastatic CRC tissues
from 21 patients. In general, hereditary heterogeneity
produces variable gene expression in different tissues;
however, evaluation of tissues from the same patient at
different developing stages of CRC can minimize such
heterogeneity. The data presented here further support
the notion that NLK overexpression by cancer cells plays
an oncogenic role in transformation of normal mucosa
through adenoma to adenocarcinoma. NLK expression
was not significantly different between primary and
secondary tumor tissues, but the overall data show
that NLK overexpression is associated with CRC lymph
node and distant metastases, suggesting that NLK
overexpression could induce tumor metastasis.
To assess the effects of NLK knockdown on tumor
cell phenotypes in vitro, this study utilized shRNAcarrying lentiviruses, which effectively silence gene
[20]
expression in vitro and in vivo . The data show
that knockdown of NLK expression significantly
reduces HT-29 cell viability, colony formation, and
migration capacity. These in vitro data further support
the in vivo data, suggesting that NLK may play an
oncogenic role in CRC. Therefore, NLK might serve
as a potential therapeutic target for the future control
[30]
of CRC. However, a previous study by Yasuda et al
showed that overexpression of NLK is associated
with a decrease in tumor cell growth and induced
apoptosis of the human colon cancer cell line DLD-1.
Their data suggest that NLK might function as a tumor
suppressor in colon cancer, which is contrary to the
current findings. The reason for this discrepancy is
unknown; but in their study, induction of wild-type
NLK induced growth suppression of DLD-1 cells,
whereas the kinase-negative mutant did not have
such an effect, indicating that NLK may not function
as a tumor suppressor in DLD-1 cells. The data of
the current study also confirmed this finding, further
suggesting that NLK does not play any role in DLD-1
tumorigenesis or maintenance of tumor phenotypes.
In this case, NLK overexpression or an NLK kinase-

Table 2 Association of nemo-like kinase expression with
clinicopathologic parameters of colorectal cancer patients
(n = 712)
Parameter

P value

NLK immunostaining

Sex
Male
Female
Age (yr)
< 60
≥ 60
Tumor location
Colon cancer
Rectal cancer
Invasion depth
T1-T2
T3-T4
Lymph node
metastasis
N0
N1
N2
Distant metastasis
M0
M1
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Tumor
differentiation
Well, moderate
Poor, mucinous
Serum CEA
(ng/mL)
<5
≥5
Serum CA19-9
(U/mL)
< 37
≥ 37
Recurrence
No
Yes

-

+

++

+++

29
31

112
90

210
147

55
38

33
27

129
73

211
146

65
28

48
12

110
92

145
212

36
57

6
54

27
175

42
315

12
81

35
21
4

122
54
26

180
120
57

43
36
14

59
1

195
7

340
17

69
24

4
31
24
1

22
97
76
7

21
154
165
17

6
30
33
24

42
18

182
20

326
31

82
11

39
21

123
79

220
137

63
30

51
9

178
24

294
63

79
14

56
4

176
26

257
80

68
25

0.1651

0.4081

< 0.0011

0.9801

0.0272

< 0.0011

< 0.0012

0.0191

0.5701

0.2641

< 0.0011

1

Mann-Whitney U test; 2Kruskal-Wallis test. CA19-9: Cancer antigen 19-9;
CEA: Carcinoembryonic antigen; TNM: Tumor-node-metastasis.

study also support the ex vivo results; for example,
knockdown of NLK expression in vitro reduced CRC cell
viability, colony formation, and migration, and arrested
tumor cells at the G0/G1 phase of the cell cycle.
Knockdown of NLK expression also inhibited matrix
metalloproteinase-2 expression in CRC cells. Taken
together, results from the current study support the
notion that NLK overexpression plays an important role
in CRC development and progression.
[28]
TMA technology
allows for analysis of an entire
cohort of tissue samples in one batch of experiments,
which eliminates the staining bias of multiple day
[29]
experiments . However, it may produce sample
selection bias. Our data demonstrate that NLK protein
is overexpressed in CRC, but not in normal mucosae,
with intermediate expression in adenoma tissues.
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Figure 4 Kaplan-Meier survival curves. A,C: Overall survival; B,D: Disease-free survival stratified by nemo-like kinase (NLK) expression in 712 colorectal cancer
patients.
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Figure 5 Knockdown of nemo-like kinase expression affects viability, colony formation, and migration of colorectal cancer cells. A: Nemo-like kinase (NLK)
mRNA expression was assessed in six CRC cell lines using quantitative real-time-PCR; Knockdown of NLK B: mRNA and C: Protein expression in HT-29 cells 48 h
after infection with a lentivirus carrying NLK (Lv-shNLK) or control (Lv-shCon) shRNA; D: Cell viability MTT assay; E: Colony formation assay at 14 d after infection; F:
Transwell tumor cell migration assay. bP < 0.01, cP < 0.05; dP < 0.01; fP < 0.01.
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Table 3 Univariate and multivariate analyses in colorectal cancer tissue specimens (n = 712)
Variables

Overall survival

Univariate analyses
Sex (male vs female)
Age (≥ 60 yr vs < 60 yr)
TNM stage (Ⅳ/Ⅲ vs Ⅱ/Ⅰ)
Differentiation (poor/mucinous adenocarcinoma vs well/moderate)
Position (rectal vs colon)
CEA (≥ 5 ng/mL vs < 5 ng/mL)
CA19-9 (≥ 37 U/mL vs < 37 U/mL)
NLK (++/+++ vs -/+)
Postoperative radiochemotherapy (yes vs no)
Multivariate analyses
TNM stage (Ⅳ/Ⅲ vs Ⅱ/Ⅰ)
Differentiation (poor/mucinous adenocarcinoma vs well/moderate)
Position (rectal vs colon)
CEA (≥ 5 ng/mL vs < 5 ng/mL)
CA19-9 (≥ 37 U/mL vs < 37 U/mL)
NLK (++/+++ vs -/+)
Postoperative radiochemotherapy (yes vs no)

Disease-free survival

HR (95%CI)

P value

HR (95%CI)

P value

0.84 (0.58-1.23)
1.24 (0.85-1.80)
3.11 (2.06-4.70)
1.54 (0.93-2.55)
0.56 (0.38-0.83)
1.97 (1.36-2.85)
2.27 (1.50-3.42)
2.19 (1.44-3.35)
2.42 (1.30-4.51)

0.376
0.259
< 0.001
0.094
0.003
< 0.001
< 0.001
< 0.001
0.005

0.86 (0.63-1.18)
0.95 (0.69-1.30)
2.37 (1.72-3.27)
1.33 (0.85-2.08)
0.92 (0.66-1.23)
1.63 (1.19-2.21)
1.89 (1.31-2.72)
2.71 (1.86-3.94)
2.69 (1.60-4.50)

0.342
0.734
< 0.001
0.219
0.506
0.002
0.001
< 0.001
< 0.001

3.02 (1.99-4.59)
1.78 (1.06-2.98)
0.49 (0.33-0.72)
1.56 (1.04-2.35)
1.54 (0.99-2.41)
2.57 (1.66-3.98)
1.04 (0.50-2.16)

< 0.001
0.029
< 0.001
0.032
0.058
< 0.001
0.921

2.34 (1.70-3.22)
1.45 (0.94-2.24)
0.80 (0.59-1.08)
1.31 (0.95-1.81)
1.76 (1.24-2.49)
1.96 (1.40-2.74)
1.64 (0.93-2.92)

< 0.001
0.091
0.143
0.099
0.002
< 0.001
0.090

CA19-9: Cancer antigen 19-9; CEA: Carcinoembryonic antigen; CI: Confidence interval; HR: Hazard ratio; NLK: Nemo-like kinase; TNM: Tumor-nodemetastasis.
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Figure 6 Knockdown of nemo-like kinase expression affects cell cycle progression and matrix metalloproteinase-2 expression in HT-29 cells. A: Flow
cytometric cell cycle distribution in HT-29 cells 48 h after infection with a lentivirus carrying nemo-like kinase (NLK) (Lv-shNLK) or control (Lv-shCon) shRNA; B:
Summarized data of cell cycle distribution; matrix metalloproteinase (MMP)-2; C: mRNA; and D: Protein expression with NLK knockdown. bP < 0.01.

negative mutation may either have no effect on cell
behavior or, in their case, NLK overexpression had
tumor suppressive effects on CRC DLD-1 cells. CRC is
a heterogeneous disease and different CRC cell lines
have specific subgroup characteristics. Furthermore,
the ex vivo data presented here further support our
current hypothesis. In addition, NLK has been shown
to exhibit dual and opposite effects in Wnt/β-catenin
[25]
signaling in different in vivo situations . A previous

WJG|www.wjgnet.com

study showed that NLK might be involved as an
oncogene in the tumorigenesis and progression of
[31]
CRC . Thus, further studies are needed to clarify this
discrepancy and the overall role of NLK in CRC.
The current study has several limitations that
should be addressed. For example, this study was
retrospective, the patients were not randomly selected,
and loss of follow-up could have introduced possible
biases. Furthermore, the patients included in this
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study did not receive neoadjuvant chemoradiotherapy,
as the treatment would affect gene expression.
Thus, the results obtained from this population may
not generalize to the clinical setting. In addition, the
TMA technology, like any technology, has certain
[32]
limitations . We chose this method for its reduced
[29]
time, cost, and tissue samples needed . Lastly, NLK
knockdown was only performed in HT-29 cells, and
more cell lines are needed to confirm the finding.

3

4

5
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AIM: To optimize the perfusates used for hypothermic
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machine perfusion (HMP).

the basic setting for HMP, including the ideal perfusate.
Here we compared the most common preservation
solutions [University of Wisconsin cold-storage solution
and histidine-tryptophan-ketoglutarate solution (HTK),
saline as control] and found that HMP is superior to
SCS regardless of different solutions and HTK seems to
be the optimal perfusate for HMP.

METHODS: Sprague‑Dawley rats were assigned
randomly to three groups (n = 12 per group) that
received either saline, University of Wisconsin coldstorage solution (UW) or histidine-tryptophanketoglutarate solution (HTK) as the perfusate. Each
group was divided into two subgroups: static cold
storage (SCS) and HMP (n = 6 per subgroup). The
liver graft was retrieved according to the method
described by Kamada. For the SCS group, the graft
was directly placed into cold perfusate (0-4 ℃) for
6 h after liver isolation while the portal vein of the
graft was connected to the perfusion machine for
the HMP group. Then the perfusates were collected
at different time points for analysis of aspartate
aminotransferase (AST), alanine transaminase (ALT)
and lactate dehydrogenase (LDH) levels. Liver tissues
were obtained for evaluation of histology, dry/wet
weight (D/W) ratio, and malondialdehyde (MDA) and
adenosine-triphosphate (ATP) levels. The portal vein
pressure and velocity were monitored in real time in all
HMP subgroups.

Jia JJ, Zhang J, Li JH, Chen XD, Jiang L, Zhou YF, He N, Xie
HY, Zhou L, Zheng SS. Influence of perfusate on liver viability
during hypothermic machine perfusion. World J Gastroenterol
2015; 21(29): 8848-8857 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i29/8848.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8848

INTRODUCTION
Static cold storage (SCS) is currently the gold standard
method for preservation of the donor graft for liver
transplantation (LT), with University of Wisconsin
cold-storage solution (UW) and histidine-tryptophanketoglutarate solution (HTK) being the most commonly
[1]
used preservation solutions . The principal aim of
SCS is to minimize preservation-related injury by
rapidly cooling the graft core temperature to reduce
[2]
metabolism . Hypothermic machine perfusion
(HMP) was first proposed by Belzer in the early
1960s, but the complex nature of this technique,
the cumbersome equipment required, and lack of
clarity regarding the mechanisms have limited its
wide usage in clinical settings. However, in the era
of the donor organ shortage, HMP is of increasing
interest in transplantation centers because it allows
better monitoring of the graft, improves washout of
injurious waste products, and allows pharmaceutical
intervention, leading to decreased ischemia reperfusion
(I/R) injury which could be indirectly measured by
malondialdehyde (MDA), and extended preservation,
even in cases of resuscitated marginal organs or
[3,4]
those obtained from cardiac death donors (DCD) .
Mounting evidence shows that HMP challenges the
limitations of SCS in terms of reduced preservation[5-7]
related injury and improved LT outcome . However,
there is no consensus on the basic conditions of HMP,
including the optimal perfusate, pressure and flow
velocity, double or single vessel perfusion (retrograde
or antegrade, pulsatile or not), and with or without
oxygen. In this study, we aimed to identify the optimal
perfusate by comparison of the influence of different
perfusates on liver viability during HMP.

RESULTS: Comparison of HMP and SCS: Regardless of
the perfusate, HMP improved the architecture of donor
graft in reducing the congestion around sinusoids
and central vein and maintaining sinusoid lining in
morphology; HMP improved liver function in terms of
ALT, AST and LDH, especially during the 3-6 h period
(SCS vs HMP using saline: ALT3, 225.00 ± 105.62 vs
49.50 ± 18.50, P = 0.047; LDH3, 1362.17 ± 563.30
vs 325.75 ± 147.43, P = 0.041; UW: LDH6, 2880.14 ±
948.46 vs 2135.00 ± 174.27, P = 0.049; HTK, AST6,
307.50 ± 52.95 vs 185.20 ± 20.46, P = 0.041); HMP
decreased MDA level (saline, 2.79 ± 0.30 vs 1.09 ±
0.09, P = 0.008; UW, 3.01 ± 0.77 vs 1.23 ± 0.68, P =
0.005; HTK, 3.30 ± 0.52 vs 1.56 ± 0.22, P = 0.006).
Comparison among HMP subgroups: HTK showed less
portal vein resistance than UW and saline (vs saline,
3.41 ± 0.49 vs 5.00 ± 0.38, P < 0.001; vs UW, 3.41 ±
0.49 vs 4.52 ± 0.63, P = 0.007); UW reduced edema
most efficiently (vs saline, 0.68 ± 0.02 vs 0.79 ± 0.05,
P = 0.013), while HTK maintained ATP levels best (vs
saline, 622.60 ± 29.11 vs 327.43 ± 44.66, P < 0.001;
vs UW, 622.60 ± 29.11 vs 301.80 ± 37.68, P < 0.001).
CONCLUSION: HMP is superior to SCS in maintaining
both architecture and function of liver grafts. Further,
HTK was found to be the optimal perfusate for HMP.
Key words: Hypothermic machine perfusion; Static
cold storage; Liver viability; Wisconsin cold-storage
solution; Histidine-tryptophan-ketoglutarate solution
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Experimental animals and groups

Core tip: Although static cold storage (SCS) is the
gold standard for liver transplantation, hypothermic
machine perfusion (HMP) is currently challenging the
limitations of SCS. However, there is no consensus on
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Adult male Sprague‑Dawley rats (weight, 250-300
g) were used as the experimental animals. The rats
were housed in a temperature‑controlled environment
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Figure 1 Schematic diagram of hypothermic machine perfusion. in this study, single vessel (portal vein) perfusion was performed.

(25-30 ℃) and provided with a standard diet with
water ad libitum. Rats were assigned randomly to three
groups (n = 12 per group) that received either saline,
UW or HTK solutions as the perfusate. Each group was
then divided into two subgroups: SCS and HMP (n
= 6 per subgroup). All procedures used in this study
were approved by the Ethics Committee for the Use of
Experimental Animals of Zhejiang University (China)
and were carried out in accordance with the ARRIVE
(Animal Research: Reporting in vivo Experiments)
guidelines (http://www.nc3rs.org/ARRIVE).

min non-pulsatile delivery); perfusate volume, 60 ml.
The pressure of the portal vein was monitored in real
time and recorded using the computer.

Sample collection

At 0, 1, 3, and 6 h during the perfusion process, 2 ml
perfusate samples were collected from each group
for the analysis of liver function. At 6 h, liver tissues
were obtained and fixed in 10% neutral formalin for
later histological evaluation. The left lateral lobe was
collected for determination of the dry/wet weight (D/W)
ratio and other liver tissues were stored at -80 ℃ for
further analysis.

Surgical procedures and HMP conditions

The donor animal was anesthetized by intraperitoneal
injection of 4% chloral hydrate (Shanghai No. 1
Biochemical and Pharmaceutical Company, China)
and the liver graft was retrieved according to the
[8]
method described by Kamada . After the donor
liver was isolated, the graft was perfused through
the portal vein with cooled saline containing 25 U/
ml heparin. In the SCS group, the graft was then
placed into cold perfusate (0-4 ℃) for 6 h. In the HMP
group, the portal vein of the graft was connected to
the perfusion machine (Figure 1), which consisted
of a BT200-2J low flow peristaltic pump (Xi’an Yima
Opto-electrical Company, China), a four-channel
physiological recorder (BL-420S, Biomart, China), a
low-temperature thermostat (DC-1015, Shanghai
Bilon Instrument Company, China) and a computer for
6 h. The perfusion machine settings were as follows:
temperature, 4 ℃; portal vein velocity, 2 rpm (1.4 ml/

WJG|www.wjgnet.com

Histopathologic examination and liver function tests

Excised liver specimens were fixed in 10% neutral
buffered formalin for 48 h before being paraffinembedded and sectioned (thickness, 4 μm) according
to standard procedures. The sections were depara
ffinized and hydrated gradually, and examined
by hematoxylin and eosin staining. Morphological
assessment was performed by an experienced liver
pathologist in a blinded fashion. The levels of aspartate
aminotransferase (AST), alanine transaminase (ALT)
and lactate dehydrogenase (LDH) were analyzed with
a Hitachi 7600 automatic analyzer (Hitachi, Tokyo,
Japan).

Levels of lipid peroxidation and wet/dry weight ratio

Malondialdehyde (MDA) is considered to represent an
indirect measurement of oxidative damage induced
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Figure 2 Histopathological appearance of the livers in the studies at 6 h after perfusion (hematoxylin and eosin staining, original magnification × 200). A:
Saline; B: UW; C: HTK. Sinusoid lining (arrow) and congestion of the sinusoids and central vein (white arrow head).
[9]

by reactive oxygen species (ROS) . Here MDA
was measured using MDA kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) to evaluate
the lipid peroxidation in liver tissue according to the
manufacturer’s protocols. All assays were performed
with a Beckman Coulter DU-800 Spectrophotometer
(USA). After 6 h of preservation, the left lateral lobe of
the liver was weighed [wet weight (W), g] immediately
after removal. The lobe was then dried overnight at
60 ℃ and reweighed [dry weight (D), g].

RESULTS
Comparison of HMP and SCS

HMP improves the architecture and function
of donor grafts compared to SCS regardless
of the perfusate: Using saline as the perfusate,
compared to SCS, HMP reduced the congestion around
sinusoids and central vein, maintained sinusoid lining
in morphology (Figure 2A) and decreased ALT, AST
and LDH release, especially during the 3-6 h period
(Figure 3). Similar results were found using UW (Figure
2B, Figure 4) and HTK (Figure 2C, Figure 5) as the
perfusate.

ATP levels and portal vein resistance (VR)

Liver tissue adenosine triphosphate (ATP) levels
represent a good indicator of mitochondrial respiratory
function and were measured using ATP kit (Beyotime,
JiangSu, China) according to manufacturer’s instruc
tions. Portal VR (mmHg・min/mL) was calculated as
portal vein pressure (mmHg)/velocity (mL/min).

HMP decreases MDA levels regardless of the
perfusate: The MDA levels determined as an indirect
measurement of oxidative damage induced by ROS in
the HMP and SCS livers are shown in Figure 6. HMP
induced significantly lower MDA level compared to SCS
regardless of the perfusate (saline, 2.79 ± 0.30 vs 1.09
± 0.09, P = 0.008; UW, 3.01 ± 0.77 vs 1.23 ± 0.68, P
= 0.005; HTK, 3.30 ± 0.52 vs 1.56 ± 0.22, P = 0.006).

Statistical analysis

All experimental results are shown as mean ± SD.
Statistical differences were calculated using one-way
analysis of variance (ANOVA) followed by the Least
Squares Difference (LSD) or Dunnett’s test for multiple
comparisons. P < 0.05 was considered to indicate
statistical significance.
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Comparison of HMP subgroups

HTK shows less portal VR than UW and saline:
Portal VR among the HMP subgroups is shown in
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Figure 3 Levels of aspartate aminotransferase, alanine transaminase and lactate dehydrogenase during 6 h of preservation with saline perfusates (static
cold storage vs hypothermic machine perfusion: alanine transaminase 3, 225.00 ± 105.62 vs 49.50 ± 18.50, P = 0.047; LDH3, 1362.17 ± 563.30 vs 325.75
± 147.43, P = 0.041). aStatistically significant difference. ALT3 means the ALT level at 3 h after liver preservation. AST: Aspartate aminotransferase; ALT: Alanine
transaminase; LDH: Lactate dehydrogenase; SCS: Static cold storage; HMP: Hypothermic machine perfusion.
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Figure 4 Levels of aspartate aminotransferase, alanine transaminase and lactate dehydrogenase during 6 h of preservation with University of Wisconsin
cold-storage solution perfusates (static cold storage vs hypothermic machine perfusion: Lactate dehydrogenase 6, 2880.14 ± 948.46 vs 2135.00 ± 174.27,
P = 0.049). aStatistically significant difference. LDH6 means the LDH level at 6 h after liver preservation. AST: Aspartate aminotransferase; ALT: Alanine transaminase;
LDH: Lactate dehydrogenase; SCS: Static cold storage; HMP: Hypothermic machine perfusion.

UW reduces edema most efficiently, while HTK
maintains ATP levels best: The D/W ratios and
ATP levels among the HMP subgroups are shown in
Figure 8. The D/W ratio gradually decreased between

Figure 7. The VR level gradually decreased among the
saline, UW and HTK groups, with HTK showing the
lowest VR (vs saline, 3.41 ± 0.49 vs 5.00 ± 0.38, P <
0.001; vs UW, 3.41 ± 0.49 vs 4.52 ± 0.63, P = 0.007)
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Figure 5 Levels of aspartate aminotransferase, alanine transaminase and lactate dehydrogenase during 6 h of preservation with histidine-tryptophanketoglutarate solution perfusates (static cold storage vs hypothermic machine perfusion: Aspartate aminotransferase 6, 307.50 ± 52.95 vs 185.20 ± 20.46,
P = 0.041). aStatistically significant difference. AST6 means the AST level at 6 h after liver preservation. AST: Aspartate aminotransferase; ALT: Alanine transaminase;
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the subgroups perfused with UW, HTK and saline,
indicating that UW was associated with the least
edema, followed by HTK and then saline, which was
associated with the most edema (Figure 8A, UW vs
saline, 0.68 ± 0.02 vs 0.79 ± 0.05, P = 0.013). The
ATP levels gradually increased between the subgroups
perfused with saline, UW and HTK, demonstrating that
HTK and UW maintained ATP level more effectively
than saline, with HTK providing the best effect (Figure
8B, saline vs HTK, 327.43 ± 44.66 vs 622.60 ± 29.11,
P < 0.001; saline vs UW, 327.43 ± 44.66 vs 301.80
± 37.68, P = 0.031; UW vs HTK, 301.80 ± 37.68 vs
622.60 ± 29.11, P < 0.001)
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DISCUSSION
Currently, more than 5500 cases of LT are performed
[10,11]
each year in Europe and in the United States
with
5-year patient survival rates exceeding 70% in most
centers. The success of LT has subsequently resulted
in a substantial worldwide organ shortage. To reduce
the gap between the patients’ need and the availability
of donors, the use of “extended criteria donor” (ECD)
grafts, which were previously considered unsuitable for
transplantation, has regained interest. Consequently,
there is a critical need for improved methods of
organ preservation. Currently, SCS and HMP are the
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[24]

two major methods used for liver preservation. SCS
is widely accepted because of its simplicity and for
economic reasons; however, recent ex vivo and in vivo
transplantation studies suggest that HMP provides
improved preservation compared to SCS, especially for
[12,13]
ECD grafts
. Nevertheless, the optimal conditions
for HMP remain controversial due to a lack of consensus
regarding the conditions in terms of perfusates,
oxygenation, perfusion route (dual vs portal), and
reperfusion pressure. Optimizing techniques would help
to reduce preservation injury and increase the donor
pool.
In this study, we established a stable, simplified
HMP system and compared the performance of three
perfusate solutions using this system. Two of the
perfusates (UW and HTK) are commonly used in the
clinical LT setting. Our results showed that HMP is
superior to SCS in terms of AST, ALT, LDH release and
MDA levels, regardless of the perfusate used, which is
[14,15]
in accordance with previous reports
. Among the
three perfusates evaluated, UW and HTK are superior
to saline in HMP in terms of D/W ratio, VR and ATP
levels. However, UW and HTK are associated with their
own individual advantages and disadvantages. For
instance, UW reduced edema more efficiently, but was
associated with higher VR and ATP consumption than
HTK, which may be due to its high viscosity and the
hydroxyethyl starch (HES) component. Although UW is
the most commonly used perfusate, its high viscosity
may result in initial poor perfusion and incomplete
distribution of UW between the intravascular space
[16]
and the liver parenchyma in the donor grafts .
Furthermore, HES in UW causes hyperaggregating
effects on erythrocytes, which hampers a complete
[17]
washout from the liver and loss of ATP . Compared
with UW, HTK solution contains lower sodium and
potassium concentrations, no HES and a much lower
viscosity (approximately one-third that of UW),
[18]
thus facilitating its release into the circulation .
Experimentally, studies have recently reported HTK is
as good as or even better than UW for short periods
[19,20]
of perfusion
. The low viscosity and absence of
HES in HTK partially contribute to the relatively low
VR and ATP consumption associated with its use as a
[21]
perfusate .
Historically, a number of perfusates have been
developed such as UW, HTK, Celsior, Cardiosol,
[22]
[23]
or Custodiol . Belzer et al , who proposed the
concept of HMP, developed the first perfusate, UW,
which remains the gold standard today. However, the
intrinsic shortage of intracellular electrolytes and the
HES component imposes marked changes in the ionic
[2]
environment and produces high viscosity , resulting
in deterioration of cellular components, with loss of
ATP energy stores and alteration in the biochemical
function and cellular architecture, which is even more
[17]
deleterious in ECD . Subsequently, other perfusates
[24]
such as modified UW alone
and later with diluted,
[25,26]
[27]
heparinized and oxygenated blood
, Polysol , HTK
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or Custodiol-N solution
sometimes enriched with
[28]
Kidney Perfusion Solution-1 and Aqix RS-I , were
introduced to achieve better preservation. However,
these perfusates have not resulted in significant
improvements in the preservation of donor organs,
with the exception of diluted blood. This perfusate has
been shown to be safe and effective as an oxygen
[29]
carrier in an animal model
and the first clinical HMP
trial by Oxford University has shown an excellent
outcome.
In this study, particular attention has been paid
to the energy balance of the liver in its preservation.
Recovered levels of ATP appear to be a good indicator
of mitochondrial respiratory function. Improvement of
mitochondrial condition, reflected here by augmentation
of tissue ATP content during HMP, may result in
[30]
improved tolerance to I/R injury . Moreover, many
clinical studies have shown that the preimplantation
[31]
ATP content correlates with liver failure
and post[32]
transplantation graft function .
There are some limitations of our study that should
be noted. First, the time period for liver preservation
(SCS or HMP) was only 6 h, while the benefits of
UW associated with the ischemic period may extend
to longer than 6 h. The selection of 6 h in our ex
perimental design was mainly based on our clinical
experience with 1500 LT cases, in which the optimized
cold ischemia time was less than 6-8 h.
In conclusion, innovative and improved perfusates
are an important approach to the future development
of HMP techniques for LT. We established a stable
HMP system for use in optimizing HMP conditions and
demonstrated that HMP is superior to SCS in terms
of both the architecture and function of the liver.
Among the perfusates evaluated in our study, HTK was
identified as the optimized machine perfusion solution
(MPS). However, some optimized MPS as Polysol and
diluted blood might have set a new standard for liver
organ preservation solutions.
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of SCS. However, there is no consensus on the basic conditions used for HMP,
including the optimal perfusates.

Research frontiers

Machine perfusion is an alternative preservation method for liver graft. Recent
ex vivo and in vivo transplantation studies suggest that HMP provides improved
preservation compared to SCS, especially for “extended criteria donor” grafts.

Innovations and breakthroughs

Plenty of articles compare UW and HTK in static cold storage, but we made first
try to compare them in HMP setting and found HTK is superior to UW in terms
of ATP maintaining and portal vein resistance.

Applications

Although countless studies show that HMP is superior to SCS in kidney

8855

August 7, 2015|Volume 21|Issue 29|

Jia JJ et al . Perfusate for machine perfusion
transplantation, SCS is still gold standard in liver transplantation. In the future
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AIM: To investigate pim-3 expression in hepatic
stellate cells (HSCs) stimulated by lipopolysaccharide
(LPS), and its protective effect on HSCs.
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METHODS: Rat HSC-T6 cells were stimulated by
LPS. The effect of LPS on proliferation and apoptosis
of HSC-T6 cells was investigated by methyl thiazoyl
tetrazolium (MTT) assay and flow cytometry after
annexin V-fluorescein isothiocyanate/propidium iodide
double staining. pim-3 mRNA and protein were detected
by reverse transcriptase polymerase chain reaction
and Western blotting at 48 h when HSC-T6 cells were
stimulated with 1 μg/mL LPS for 0, 3, 6, 12, 24 and
48 h. The cells without stimulation served as controls.
To study the effect of pim-3 kinase on HSC-T6 cells,
si-pim3 (siRNA against pim-3) was transfected into
HSC-T6 cells. HSC-T6 cells were subjected to different
treatments, including LPS, si-pim3, or si-pim3 plus LPS,
and control cells were untreated. Protein expression of
pim-3 was detected at 48 h after treatment, and cell
proliferation at 24 and 48 h by MTT assay. Apoptosis
was detected by flow cytometry, and confirmed with
caspase-3 activity assay.
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upregulation of pim-3 expression induced by LPS
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chronic liver diseases experience liver fibrosis and
some develop cirrhosis. Hepatic stellate cells (HSCs)
are of pathogenetic relevance during the development,
progression and regression of hepatic fibrosis. When
the liver is injured, quiescent HSCs in the normal liver
are activated. Activated HSCs secrete extracellular
cell matrix (ECM) and inhibit ECM decomposition to
promote progression of hepatic fibrosis. Promotion of
apoptosis of activated HSCs may be an effective way
[1,2]
to reverse fibrosis .
Lipopolysaccharide (LPS), which is found on
the outer membrane of Gram-negative bacteria, is
increased in the portal vein as the severity of hepatic
[3]
fibrosis increases , due to increased portal vein
pressure and gut permeability. LPS stimulates activity
of HSCs and activates interaction of HSCs with Kupffer
and endothelial cells to promote liver fibrosis and
[4-6]
adjust portal vein pressure . The cellular activation
induced by LPS is accompanied with altered expression
of several genes. Previous studies have revealed that
LPS upregulates the activity of nuclear factor (NF)κB and mitogen-activated protein kinase (MAPK) in
[7-11]
activated HSCs
, however, pim-3 kinase expression
and its role in LPS-stimulated HSCs has not been
reported.
pim kinase belongs to a serine/threoine protein
kinase family that consists of pim-1, pim-2 and pim-3
and has been implicated in cell proliferation and
[12]
apoptosis . pim-3 kinase is overexpressed in both
solid cancer cells and hematological malignancies,
which contributes to tumor development through its
[12]
anti-apoptosis and pro-proliferation functions . In
several normal cells, pim-3 kinase is upregulated by
stress such as anoxia/reoxygenation injury, ischemia/
reperfusion injury, or LPS, and protects against tissue
[13,14]
injury
. Here, we investigated pim-3 expression
and its protective role in LPS-stimulated HSCs.

occurred at 24 and 48 h for mRNA expression (pim-3/
β-actin RNA, 24 or 48 h vs 0 h, 0.81 ± 0.20 or 0.78 ±
0.21 vs 0.42 ± 0.13, P < 0.05), and occurred at 12 h
and peaked at 24 and 48 h for protein expression (pim-3/
GAPDH protein, 12, or 24 or 48 h vs 0 h, 0.68 ± 0.12,
1.47 ± 0.25 or 1.51 ± 0.23 vs 0.34 ± 0.04, P < 0.01).
pim-3 protein was ablated by si-pim3 and upregulated
by LPS in HSC-T6 cells at 48 h after treatment (pim-3/
GAPDH: si-pim3, si-pim3 plus LPS or LPS vs control,
0.11 ± 0.05, 0.12 ± 0.05 or 1.08 ± 0.02 vs 0.39 ±
0.03, P < 0.01). Ablation of pim-3 by si-pim3 in HSC-T6
cells partly abolished proliferation (OD at 24 h, si-pim3
group or si-pim3 plus LPS vs control, 0.2987 ± 0.050 or
0.4063 ± 0.051 vs 0.5267 ± 0.030, P < 0.01; at 48 h
0.4634 ± 0.056 or 0.5433 ± 0.031 vs 0.8435 ± 0.028,
P < 0.01; si-pim3 group vs si-pim3 plus LPS, P < 0.01
at 24 h and P < 0.05 at 48 h), and overexpression of
pim-3 in the LPS group increased cell proliferation (OD:
LPS vs control, at 24 h, 0.7435 ± 0.028 vs 0.5267 ±
0.030, P < 0.01; at 48 h, 1.2136 ± 0.048 vs 0.8435
± 0.028, P < 0.01). Ablation of pim3 with si-pim3 in
HSC-T6 cells aggravated apoptosis (si-pim3 or si-pim3
plus LPS vs control, 42.3% ±1.1% or 40.6% ± 1.3%
vs 16.8% ± 3.3%, P < 0.01; si-pim3 vs si-pim3 plus
LPS, P > 0.05), and overexpression of pim-3 in the LPS
group attenuated apoptosis (LPS vs control, 7.32% ±
2.1% vs 16.8% ± 3.3%, P < 0.05). These results were
confirmed by caspase-3 activity assay.
CONCLUSION: Overexpression of pim-3 plays a
protective role in LPS-stimulated HSC-T6 cells.
Key words: pim-3; Lipopolysaccharide; Hepatic stellate
cell; si-pim3
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic stellate cell (HSC)-T6 cells stimulated
by lipopolysaccharide (LPS) showed overexpression
of pim-3 kinase. Overexpression of pim-3 in LPSstimulated HSC-T6 cells protected against apoptosis
and promoted proliferation. Knockdown of pim3 gene
abolished proliferation of HSC-T6 cells and led to
apoptosis. Overexpression of pim-3 induced by LPS
play a protective role in rat hepatic stellate cells.

MATERIALS AND METHODS
Chemicals

HSC-T6 is an immortal rat cell line transfected with
SV40 T antigen vector containing sarcoma virus
[15]
promoter . The cell line was a generous gift from
Scott L. Friedman. LPS (Sigma, St Louis, MO, United
States) was used to stimulate HSC-T6 cells. siRNA
(Biomics Biotechnologies, Shanghai, China) was used
to study pim-3 function in HSC-T6 cells. Total protein
extraction kits were purchased from Solarbio (Beijing,
China). The primary antibody to pim-3 was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA,
United States). Caspase-3 Activity Assay kit was from
Beyotime Institute of Biotechnology (Nantong, China).

Liu LH, Lai QN, Chen JY, Zhang JX, Cheng B. Overexpression
of pim-3 and protective role in lipopolysaccharide-stimulated
hepatic stellate cells. World J Gastroenterol 2015; 21(29):
8858-8867 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i29/8858.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8858

Cell culture

INTRODUCTION

HSC-T6 cells were grown in Dulbecco’s Modified Eagle’s
Medium (DMEM) supplemented with 10% (v/v) fetal
bovine serum (FBS) at 37 ℃ in a humidified 5% CO2

Fibrosis and cirrhosis of the liver cause serious mor
bidity and mortality worldwide. Nearly all patients with

WJG|www.wjgnet.com

8859

August 7, 2015|Volume 21|Issue 29|

Liu LH et al . pim-3 protects rat HSCs
PCR was performed with the following thermal cycling
conditions: (1) denaturation at 95 ℃ for 5 min; (2) 35
cycles of denaturation at 94 ℃ for 45 s; and (3) primer
annealing at 55 ℃ for 45 s and primer extension at
72 ℃ for 60 s, with a final extension at 72 ℃ for 10
min. The PCR products were electrophoresed in a 1.5%
agarose gel containing ethidium bromide and visualized
with UV light. The bands in the gels were quantified
with Quantity one 4.62 and the level of a particular
cDNA was normalized to that of β-actin product.

atmosphere. The cultures were passaged after 80%
confluence every 3 d.

methyl thiazoyltetrazolium assay

The determination of cell proliferation was based on
methyl thiazoyltetrazolium (MTT) metabolism. HSC-T6
4
cells were seeded into 96-well plates at 10 cells/well
with 0.75% FBS for 24 h, as described previously,
[16]
with some modification . At the designated time,
20 μL MTT (5 mg/mL) was added to each well and
the medium was removed after 4 h following addition
of 150 μL DMSO to dissolve the dye for 10 min.
The absorbance of each well was read at 490 nm
by a spectrophotometer (Thermo Fisher Scientific,
Shanghai, China). The experiments were performed in
triplicate.

Protein expression determination

Apoptosis was measured using AnnexinV-fluorescein
isothiocyanate (FITC)/PI apoptosis detection kit I (BD,
San Jose, CA, United States). After 48 h treatment
with different stimuli, the cells were digested by trypsin
without EDTA and collected by centrifugation at 300
× g for 5 min. Cells were washed twice with cooled
PBS and resuspended with 100 μL binding buffer
5
per 10 cells. Following incubation with 5 μL Annexin
V-FITC and 5 μL PI solution in a dark room at room
temperature for 15 min, 400 μL binding buffer was
added and shaken slightly. The samples were collected
4
and 10 cells were analyzed by a FACSCalibur flow
cytometer (BD).

HSC-T6 cells were seeded in six-well plates. After
culturing for 12 h, cells received different treatments
following serum starvation with 0.75% FBS. After
treatment, the cell pellets were collected, washed
three times with ice-cold PBS, and resuspended in
lysis buffer to extract protein. Protein concentration
was determined by BCA protein assay kits (Thermo
Fisher Scientific). The protein solution was heatdenatured with an equal volume of 2 × SDS loading
buffer for 5 min and separated on 12% SDS-PAGE.
The protein was then electro-transferred onto PVDF
membranes. After blocking with 5% skimmed milk in
PBS at 4 ℃ overnight, the membrane was incubated
with each primary antibody, followed by incubation
with a horseradish-peroxidase-conjugated secondary
antibody. The membrane was then exposed to X-ray
film and the quantification of the bands was carried
out by Quantity one 4.62. GAPDH was used as an
internal control for loading.

Caspase-3 assay

Assessment of LPS effect on HSC-T6 cells

Detection of apoptosis

HSC-T6 cells were subjected to LPS (Escherichia coli
055:B5) treatment at different concentrations (10
ng/mL, 100 ng/mL, 1 μg/mL or 5 μg/mL) for 24 or
48 h following starvation with 0.75% FBS. MTT assay
was conducted to achieve the optimum concentration
of LPS for promotion of HSC-T6 cell proliferation.
Apoptosis was detected by flow cytometry at 48 h after
treatment with 1 μg/mL LPS. Reverse transcriptase
polymerase chain reaction (RT-PCR) and western
blotting were performed to detect pim-3 expression at
48 h when HSC-T6 cells were stimulated with 1 μg/mL
LPS by different time-course (0 , 3 , 6 , 12 , 24 and
48 h). The cells without stimulation served as controls.

Protein was extracted from the treated HSC-T6 cells
and the concentration was determined by BCA protein
assay kits (Thermo Fisher Scientific). Caspase-3
activity was measured using the Caspase-3 Activity
Assay kit (Beyotime Institute of Biotechnology). Cell
extracts were mixed with Ac-DEVD-pNA substrate
for 2 h at 37 ℃ in 96-well plates prior to colorimetric
measurement of p-nitroanilide product at 405 nm.

Semi-quantitative reverse transcriptase polymerase
chain reaction

HSC-T6 cells were seeded in six-well plates. After
culturing for 12 h, cells received different treatments
following serum starvation with 0.75% FBS. After
treatment, total RNA was extracted from the cells
using an RNA simple Total RNA kit (Tiangen, Beijing,
China). The first strand of cDNA was synthesized
with the reverse-transcript kit (Takara, Dalian,
China). The following primers were used: (1)pim-3:
forward: 5’-CACTGACTTTGATGGCACCC-3’ reverse:
5’-ATGCCCAGACGAAGACCA-3’(product of 770bp)
(2) β-actin: forward: TCAGGTCATCACTATCGGCAAT
reverse: AAAGAAAGGGTGTAAAACGCA (product of
432 bp). PCR was performed in a 25-μL reaction
mixture containing 1 μL cDNA, 0.5 μL each primer,
0.25 μL rTaq DNA polymerase, and 2.0 μL dNTP. The
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RNA interference protocol

Short interfering RNA (siRNA) was synthesized
by Biomics Biotechnologies. siRNA duplexes were
designed to target AA(19)UU sequences in the open
reading frame of mRNA encoding pim-3. Three siRNA
against pim-3 (si-pim3) and one scrambled siRNA
were transiently transfected into HSC-T6 cells with
Lipofectamine 2000 transfection regent (Invitrogen,
Carlsbad, CA, United States). One day before
transfection, HSC-T6 cells were cultured in DMEM
with no antibiotics, then in medium with serumfree complexes containing siRNA and Lipofectamine
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1 μg/mL LPS was the highest. Our results show that LPS
promotes HSC-T6 cell proliferation and the optimum
concentration is 1 μg/mL.
Apoptosis was detected by flow cytometry following
+
Annexin-FITC/PI double staining, and FITC PI spots
+
+
represented early apoptosis, while FITC PI spots
represented late apoptosis. Total apoptosis rate of
HSC-T6 cells treated with LPS was lower than that of
the control group (control vs LPS, 16.3% ± 2.4% vs
8.3% ± 2.3%, P < 0.05), which suggests that LPS has
an inhibitory effect on HSC-T6 apoptosis (Figure 1).

Table 1 Effect of lipopolysaccharide on hepatic stellate cells-T6
proliferation assessed by methyl thiazoyltetrazolium assay
Parameter

24 h (OD)

Control
LPS (10 ng/mL)
LPS (100 ng/mL)
LPS (1000 ng/mL)
LPS (5000 ng/mL)

0.5033 ± 0.023
0.5998 ± 0.019a,b
0.6002 ± 0.038a,b
0.7032 ± 0.066b
0.6625 ± 0.015b

48 h (OD)
0.8853 ± 0.021
0.9813 ± 0.037a,b
1.1126 ± 0.050a,b
1.2469 ± 0.0525b
1.2141 ± 0.018b

Data are expressed as mean ± SD (n = 6). aP < 0.05 vs LPS, 1000 ng/mL, bP
< 0.01 vs control.

Overexpression of pim-3 induced by LPS in HSC-T6
cells

2000 (20 pmol siRNA to 1 μL Lipofectamine 2000)
for 6 h, followed by DMEM with 10% FBS. Fortyeight hours later, the cells were harvested and
lysed and pim-3 mRNA and protein expression was
detected by RT-PCR and western blotting to select
the perfect siRNA duplex. The selected siRNA duplex
(sense chain: 5’-UUCUCCGAACGUGUCACGUdTdT-3’
antisense chain 5’-ACGUGACACGUUCGGAGAAdTdT-3’)
and the scrambled siRNA duplex (sense chain:
5’-UUCUCCGAACGUGUCACGUdTdT-3’, antisense
chain: 5’-ACGUGACACGUUCGGAGAAdTdT-3’) was
further blasted to search against another rat genome
sequence to ensure its targets specificity. Experiments
were divided into the following groups. Control group:
HSC-T6 cells incubated without treatment. Liposome
group: HSC-T6 cells incubated with equivalent
liposome. Scramble group: scrambled RNA transfected
into HSC-T6 cells. si-pim3 group: si-pim3 was
transfected into HSC-T6 cells. LPS group: HSC-T6 cells
treated with 1 μg/mL LPS. si-pim3 plus LPS group: sipim3 was transfected into HSC-T6 cells, then treated
with 1 μg/mL LPS. HSC-T6 cells were harvested at
the designated time and cell proliferation (at 24 or 48
h after treatment), protein expression (at 48 h), and
apoptosis (at 48 h) were determined. Each experiment
was repeated three times.

Expression of pim-3 mRNA in LPS-stimulated HSC-T6
cells at 3, 6, 12, 24 and 48 h after treatment was
0.95-, 1.28-, 1.63-, 1.94- and 1.84-fold that of the
control group, respectively (Figure 2). Expression was
significantly increased at 24 and 48 h after treatment (P
< 0.05, compared to that at 0 and 3 h). Expression of
pim-3 protein in LPS-treated cells at 3, 6, 12, 24 and
48 h after treatment was 1.67-, 1.42-, 2.01-, 4.30and 4.42-fold that of the control group, respectively.
Expression increased significantly at 12 h (P < 0.05,
compared with 0 h), reached a plateau at 24 h, and
was sustained at a high level at 48 h (P < 0.01,
compared with 0 h). The results clearly demonstrated
that LPS significantly increases expression of pim-3 in
HSC-T6 cells at transcriptional and translational levels
and delays overexpression of pim-3.

Expression of pim-3 in RNA interference protocol

In order to clarify the role of endogenous pim-3
in HSC-T6 cells, we tested cell proliferation and
apoptosis under the condition of pim-3 ablation by
RNA interference (RNAi) and overexpression of pim-3
induced by LPS. Three si-pim3 duplexes were used
and pim-3 mRNA and protein levels were measured
in HSC-T6 cells at 48 h after si-pim3 transfection. sipim3 was selected depending on the experiment for its
strongest inhibition. The selected si-pim3 duplex (sense
chain: 5’-UUCUCCGAACGUGUCACGUdTdT-3’ antisense
chain 5’-ACGUGACACGUUCGGAGAAdTdT-3’) could
reduce about 70% expression of pim-3 protein. pim-3
expression was confirmed by western blotting, and
pim-3 protein was ablated by si-pim3 and upregulated
by LPS at 48 h after treatment (Figure 3) (pim-3/
GAPDH: si-pim3 or si-pim3 plus LPS or LPS vs control,
0.11 ± 0.05 or 0.12 ± 0.05 or 1.08 ± 0.02 vs 0.39 ±
0.03, P < 0.01).

Statistical analysis

Values were expressed at mean ± SD from duplicate
samples. The difference in the means between
two groups was tested by the Students’ t test (two
tailed), and that between the groups (above three
groups) was tested by one-way ANOVA followed by
Student-Newman-Keul test; P < 0.05 was considered
statistically significant.

RESULTS
Effect of LPS on proliferation and apoptosis of HSC-T6
cells

Effect of pim-3 kinase on HSC-T6 cell proliferation

Proliferation of HSC-T6 cells treated with LPS at 10 ng/
mL, 100 ng/mL, 1 μg/mL and 5 μg/mL was 1.19-, 1.19-,
1.39- and 1.31-fold that of the control group at 24 h
after treatment; and 1.10-, 1.25-, 1.41- and 1.37-fold
that at 48 h after treatment (Table 1). Proliferation with
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To determine the effect of pim-3 kinase on HSC-T6
cell proliferation, we compared proliferation among
different groups treated with si-pim3 transfection
(ablation of pim-3), LPS (overexpression of pim-3), or
LPS combined si-pim3 transfection (ablation of pim-3).
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Figure 1 Protective effect of lipopolysaccharide on apoptosis of hepatic stellate cell-T6 cells. Cells were treated with 1 μg/mL LPS for 48 h. Upper panel, flow
cytometry according to annexin-fluorescein isothiocyanate/PI double staining; lower panel, apoptosis rate. Data are expressed as mean ± SD. n = 3, aP < 0.05 (P =
0.013) vs control. LPS: lipopolysaccharide.

overexpression of pim-3 in the LPS group promoted
HSC-T6 proliferation, which suggests that endogenous
pim-3 has potential pro-proliferative activity in HSC-T6
cells. HSC-T6 cell proliferation in the si-pim3 plus LPS
group was significantly increased, compared with
the si-pim3 group (P < 0.05), however, they had
similar expression of pim-3, which means that LPS
has another approach to promote cell proliferation
independent of pim-3 kinase.

Table 2 Effect of ablation of pim-3 on HSC-T6 cell proli
feration assessed by methyl thiazoyltetrazolium assay
Group

24 h (OD)

Control
Liposomes
si-pim3
scrambled
si-pim3 plus LPS
LPS

0.5267 ± 0.030
0.5749 ± 0.028
0.2987 ± 0.050b
0.5062 ± 0.066
0.4063 ± 0.051a,b
0.7435 ± 0.028b

48 h (OD)
0.8435 ± 0.028
0.8552 ± 0.014
0.4634 ± 0.056b
0.8069 ± 0.039
0.5434 ± 0.031b
1.2136 ± 0.048b,c

Effect of pim-3 kinase on HSC-T6 cell apoptosis

Data are expressed as mean ± SD (n = 6). aP < 0.05 vs si-pim3 group; bP < 0.01
vs control group; cP < 0.01 LPS vs other groups.

The apoptosis rate of HSC-T6 cells in the LPS group with
overexpression of pim-3 was significantly lower than
that of the control group (LPS vs control, 7.32% ± 2.1%
vs 16.8% ± 3.3%, P < 0.05) (Figure 4). In contrast,
the apoptosis rate of the si-pim3 group with ablation of
pim-3 was remarkably higher than that of the control
group (si-pim3 vs control, 42.3% ± 1.1% vs 16.8%
± 3.3%, P < 0.01), but similar to that of the si-pim3
plus LPS group (si-pim3 vs si-pim3 plus LPS, 42.3%
± 1.1% vs 40.6% ± 1.3%, P > 0.05). These results
demonstrated that ablation of pim-3 can aggregate
HSC-T6 cell apoptosis and endogenous pim-3 kinase
may protect HSC-T6 cells from apoptosis.
Caspase-3 is a cell death executioner, which can be
activated by various apoptosis signals. To confirm the

HSC-T6 cell proliferation in the si-pim3 group and sipim3 plus LPS group was significantly decreased,
compared with the control group (OD: si-pim3 or sipim3 plus LPS vs control, at 24 h, 0.2987 ± 0.050
or 0.4063 ± 0.051 vs 0.5267 ± 0.030, P < 0.05; at
48 h, 0.4634 ± 0.056 or 0.5434 ± 0.031 vs 0.8435
± 0.028, P < 0.05), whereas proliferation in the LPS
group was significantly increased, compared with the
control group (OD: LPS vs control, at 24 h, 0.7435 ±
0.028 vs 0.5267 ± 0.030, P < 0.01; at 48 h, 1.2136
± 0.048 vs 0.8435 ± 0.028, P < 0.01) (Table 2).
These results indicated that ablation of pim-3 in the
si-pim3 group inhibited HSC-T6 cell proliferation, and
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DISCUSSION

Table 3 Effect of ablation of pim-3 on caspase-3 activity of
hepatic stellate cells-T6 cells
Groups

To the best of our knowledge, the present work is the
first report about the expression of pim-3, as well
as its role in HSCs treated with LPS. In this study,
HSC-T6 cells stimulated by LPS showed overexpression
of pim-3 kinase. Overexpression of pim-3 in LPSstimulated HSC-T6 cells protected against apoptosis
and promoted proliferation, however, knockdown of
pim3 gene by si-pim3 abolished proliferation of HSC-T6
cells and led to apoptosis. These results suggest
that overexpression of pim-3 induced by LPS has a
protective role in rat HSCs.
Endotoxin in the portal vein and circulating
blood is increased by aggravation of chronic liver
[3]
disease and hepatic fibrosis , and contributes to
[5,17]
hepatic fibrosis
. LPS could indirectly activate
HSCs and protect against apoptosis by soluble
[18-20]
mediators from Kupffer cells
, or apoptotic bodies
[21,22]
from damaged hepatocytes
. Activated HSCs
have several phenotypes, including proliferation,
fibrogenesis, contractility, inflammatory signaling,

Caspase-3 activity (U)

Control
Liposomes
si-pim3
scrambled
si-pim3 plus LPS
LPS

5.12 ± 1.33
4.95 ± 1.62
13.24 ± 2.81b,d
5.28 ± 0.93
11.35 ± 0.85b,d
3.21 ± 0.55a

Data are expressed as mean ± SD (n = 6). aP < 0.05 vs control group; bP < 0.01
vs control group; dP < 0.01 vs LPS.

results from flow cytometry following Annexin V-FITC/
PI staining, we quantified the activity of caspase-3.
Caspase-3 activity in the LPS group was lower than in
the control group (Table 3). In contrast, the activity in
the si-pim3 group was significantly higher than in the
control group (P < 0.05), and similar to that in the sipim3 plus LPS group. All the results were consistent
with those from flow cytometry following AnnexinFITC/PI double staining.
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[23]

[32]

and chemotaxis . LPS also directly activates HSCs,
and the cells show the inflammatory phenotype and
[7,24]
secrete cytokines and chemokines
. Here, we
studied the effect of LPS on proliferation and apoptosis
of HSCs. The proliferation of primary activated HSCs
in response to LPS, assessed by [3H]-thymidine
[7]
incorporation, is unchanged , while that from HSC
[25]
lines assessed by MTT is increased . The difference
may be due to differently derived cells and detection
assays. In our study, LPS has a beneficial effect on
proliferation of HSC-T6 cells and protects cells from
apoptosis.
Antibiotic use is a way to eliminate gut-derived
endotoxin, and animal experiments have demonstrated
[5]
its efficacy in hepatic fibrosis . However, long-term
use of antibiotics increases the possibility of drug
resistance, and presently no antibiotics are approved
for use against hepatic fibrosis. Thus, it may be
necessary to explore alterations in survival gene
expression in LPS-treated HSCs, to help find new ways
to avoid the effect of LPS on hepatic fibrosis. Previous
studies have demonstrated that LPS upregulates
secretion of tissue inhibitor of metalloproteinase
[9]
(TIMP-)1 (necessary for prevention of HSC apop
[26]
tosis ) and interleukin-6 (necessary for HSC trans[27]
differentiation ), and upregulates expression of
intracellular survival signal molecules, such as NF-κB,
extracellular signal-regulated kinase (ERK) and C-Jun
[11,16]
.
N-terminal kinase
pim kinase is one of the serine/threoine protein
kinase family, which at least includes pim-1, pim-2
and pim-3. The three members are well conserved
in vertebrates and show structural similarity and
functional overlap. They all have a role in promoting
cell growth and inhibiting apoptosis. Many tumor
cells overexpress pim-3, such as solid cancers and
[12]
hematological malignancies . Normal cells induced
by special stimuli can also upregulate expression of
pim-3 kinase, such as cardiomyocytes with anoxia/
[13]
reoxgenation injury
, endothelial cell with tumor
[28]
[14]
necrosis factor-α , and intestinal mucosa with LPS .
Our study clearly demonstrated that pim-3 expression
is upregulated in HSCs treated with LPS. Unlike
other survival signal molecules such as NF-κB and
MAPK, which are characteristic of rapid and transient
[11]
upregulation in LPS-stimulated HSCs , pim-3
expression shows late and persistent upregulation,
which suggests that overexpression of pim-3 depends
on other upstream signaling molecules. pim-3 kinase
is involved in accelerating the cell cycle and protecting
against apoptosis. pim-3 kinase can phosphorylate
kipl
p27 , inducing 14-3-3 binding and proteasomedependent degradation, thus relieving the inhibition
[29]
of the cell cycle and promoting proliferation .
pim-3 also phosphorylates BCL-xL/BCL-2-associated
death promoter (BAD), inducing 14-3-3 binding and
[30,31]
,
degradation, leading to release of Bcl-XL and Bcl-2
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thus promoting cell survival . Meanwhile, pim-3
can phosphorylate signal transducer and activator
[33]
of transcription (STAT)3 , promote antiapoptotic
protein synthesis of Bcl-XL and survivin, leading to cell
survival. pim-3 kinase is constitutively active and does
not require post-translational modifications for the
induction of kinase activity. Ablation of pim-3 by RNAi
was used to explore its function in HSCs treated with
LPS. Our results show that endogenous pim-3 could
play a protective role in LPS-stimulated HSC-T6 cells,
according to the results from ablation of pim-3 by sipim3 and overexpression of pim-3 induced by LPS. The
apoptosis rate of si-pim3-treated cells was similar to
that of cells treated by si-pim3 plus LPS, which means
that the antiapoptotic effect of LPS is completely
inhibited by si-pim3. However, proliferation of si-pim3treated cells was lower than that of the cells treated by
si-pim3 plus LPS, although they had similar expression
of pim-3, which suggests that cell proliferation induced
by LPS has another mechanism independent of pim-3.
LPS upregulates pim3 kinase and stimulates several
other survival kinases, such as NF-κB and ERK. The
results suggest that pim-3 kinase is downstream of
other survival genes that are dependent on LPS, which
coincides with the timing of pim-3 expression. Further
study is needed to ascertain the relationship of pim-3
and other survival kinases.
In conclusion, the present study provides evidence
that LPS can upregulate pim-3 expression in activated
HSCs, and pim-3 expression can promote cell
proliferation and inhibit apoptosis. Thus, pim-3 kinase
may be an antifibrotic candidate target and blocker
of pim-3 kinase, and an effective way to reverse liver
fibrosis.
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Abstract

Author contributions: Choi YJ and Kim YH performed the
statistical analysis; Choi YJ drafted the manuscript; Cho CH and
Kim SH collected data and reviewed the manuscript; Lee JE
designed the study and drafted the manuscript.

AIM: To examine the association between circulating
25-hydroxyvitamin D [25(OH)D] levels and colorectal
adenoma in a case-control study and a meta-analysis.
METHODS: We conducted a matched case-control
study (112 cases and 112 matched controls) and
combined 15 studies, including our study, in a metaanalysis. The study-specific odds ratios (ORs) and 95%
confidence intervals (CIs) were pooled using a randomeffects model. In total, 5454 colorectal adenomas and
6656 controls were included in the meta-analysis.
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RESULTS: In a meta-analysis including 14 previous
studies and our study, we observed a significant
inverse association between circulating 25(OH)D levels
and colorectal adenoma (OR = 0.68; 95%CI: 0.54-0.82)
when comparing the highest category with the lowest
category. Stratification by adenoma location (proximal
or distal adenoma) showed similar estimates. When we
stratified by study region, the ORs (95%CIs) were 0.70
(0.52-0.88) in the US and 0.66 (0.34-0.97) in Asia.
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CONCLUSION: These data suggest an inverse
association between circulating 25(OH)D levels
and colorectal adenoma in both Western and Asian
populations.
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adults of the Korean National Health and Nutrition
[10]
Examination Survey 2008 , 69.2% in the middleaged or elderly Chinese population in a cross-sectional
[11]
study , and 35.3% in postmenopausal Japanese
[12]
women . Despite the increase in colorectal cancer
incidence and the low vitamin D status in Asian
populations, only a few Asian studies on vitamin D
and colorectal adenoma have been conducted. One
Japanese study found a lower prevalence of colorectal
adenoma with high vitamin D status during the winter
[13]
season , and another Japanese study observed an
[14]
inverse, but nonlinear, association . One Korean
case-control study performed an analysis among 143
age- and gender-matched case and control pairs and
[15]
found an inverse association . Although we reported
a potential inverse association between circulating
vitamin D levels and colorectal adenoma in a previous
[16]
meta-analysis , a limited number of Asian studies
did not allow us to examine whether this association
observed was applied to Asian populations.
To determine whether circulating vitamin D levels
are inversely associated with colorectal adenoma, we
analyzed the association between colorectal adenoma
and 25(OH)D levels among a matched case-control
study of Korean adults, and we conducted a metaanalysis of 15 studies, including 14 previous published
studies and our study.

Core tip: Growing evidence from epidemiologic studies
suggests a preventive effect of vitamin D against
colorectal cancer. Colorectal adenoma is considered
to be a precursor lesion of colorectal cancer. We con
ducted a case-control study in Korean adults and
also calculated a summary estimate through a metaanalysis to examine the association between circulating
25-hydroxyvitamin D[25(OH)D] levels and colorectal
adenoma. We found an inverse association between
circulating 25(OH)D levels and colorectal adenoma, and
this association was consistent for Asian populations.
Choi YJ, Kim YH, Cho CH, Kim SH, Lee JE. Circulating levels
of vitamin D and colorectal adenoma: A case-control study and
a meta-analysis. World J Gastroenterol 2015; 21(29): 8868-8877
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i29/8868.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i29.8868

INTRODUCTION
Vitamin D is synthesized in human skin that is exposed
to ultraviolet light and is also obtained through sup
plements and several food sources. Because the vitamin
D from food does not adequately reflect the vitamin
D status of an individual, circulating concentrations of
25-hydroxyvitamin D [25(OH)D] may be a suitable
measurement of vitamin D status. However, 1,25(OH)2D
may not be a good indicator of vitamin D because it is
[1]
tightly regulated by various factors .
Growing evidence suggests that low vitamin D
[2,3]
levels are prevalent worldwide
, partly because
of an insufficient supply of vitamin D from natural
[4]
food sources , a shift to sedentary lifestyles, and a
[5]
lack of outdoor activities. Garland et al suggested
that exposure to solar radiation could be a protective
factor for colon cancer in an ecologic study, and
several epidemiologic studies found a reduction in
[6,7]
colorectal cancer with better vitamin D status
.
1,25-dihydroxyvitamin D [1,25(OH)2D], the active
form of vitamin D, exerts its inhibitory effects on
tumors in the normal and neoplastic colonic epithelium
by affecting cell growth regulation, cell cycle regulation,
and apoptosis and by interacting with proto-oncogenes
[8]
and tumor suppressor genes .
The incidence rate of colorectal cancer has increased
in some Asian countries, which have undergone
dramatic lifestyle changes. For example, the colorectal
cancer incidence has steadily increased in Korea by 4.7%
[9]
annually from 1999 to 2010 . Colorectal cancer often
develops from a colorectal adenoma in a process known
as the adenoma-carcinoma sequence.
A considerable proportion of the East Asian
population has low vitamin D status. The prevalence
of < 20 ng/mL vitamin D levels was 56.0% in Korean

WJG|www.wjgnet.com

MATERIALS AND METHODS
Case control study

Study population: We conducted a case-control
study among 45- to 71-year-old men and women
who underwent colonoscopy at a university hospital in
Daegu, city of Korea, from August 2011 to September
2012. The size, subtype and number of colorectal
adenomas were determined through colonoscopy and
pathological examination. Polyps were classified as
adenomatous, hyperplastic, or other nonadenomatous.
Only adenomatous polyps were included as cases. We
included both first and recurrent adenomas (4.7%).
To minimize the influence of fasting status or sex, we
performed 1:1 matching by fasting status and sex.
As a result, a total of 112 cases and 112 matchedcontrols were included. This study was approved
by the Institutional Review Board of Daegu Catholic
University Medical Center. Written informed consent
was obtained from all participants.
Measurement of circulating vitamin D levels:
Participants provided blood samples between January
and February 2013. Blood samples were centrifuged
and sent on ice to the Neodin Medical Institute (Seoul,
South Korea). Concentrations of serum 25(OH)D were
measured using the DiaSorin radioimmunoassay (RIA)
method at Neodin Medical Institute. The intra-assay
coefficient of variation (CV) was less than 2%. All
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sidered to be statistically significant. All analyses were
performed using SAS 9.3 (SAS Institute Inc., Cary,
North Carolina).

laboratory technicians were blinded to the case status.
Assessment of lifestyle factors: We asked parti
cipants for information about their demographic
characteristics, lifestyle factors, and family history of
colorectal cancer. Dietary intake was assessed using
[17]
a validated food frequency questionnaire (FFQ) .
The height and weight of participants were directly
measured, and the body mass index (BMI) was
calculated by dividing the weight in kilograms by the
square of the height in meters. Participants were
asked about the age at which they started and/or
quit drinking and about the amount and frequency of
alcohol consumption, such as rice wine (makgeolli),
wine, beer, and liquor. Questions regarding cigarette
smoking habits included queries about whether the
participant smoked more than 20 packs of cigarettes,
the age of smoking initiation and cessation, the amount
of cigarettes smoked per day during regular smoking,
and the total duration of regular cigarette smoking.
The total pack years of smoking was calculated based
on the total duration of regular cigarette smoking
and the amount of cigarettes smoked per day during
regular smoking. The metabolic equivalent of task
(MET)-hours per week was calculated for physical
activity.

Meta-analysis

Selection of studies: We searched the PubMed
database for studies published through February 25,
2015. We used the following terms for a PubMed
search restricted to articles reported in Englishlanguage journals: (“Vitamin D” OR “Calcifediol” OR
“circulating 25(OH)vitamin D” OR “25-hydroxylvitamin
D” OR “25-hydroxyvitamin D” OR “25(OH)D”)
AND (“colorectal adenoma” OR “adenomas” OR
“adenomatous” OR “CRA”). We also searched the
Web of Science database using the term (25 hydroxy
vitamin D and colorectal adenoma) in a search query
of the topic field. In total, 203 articles were identified
in the PubMed database and 55 articles in Web of
Science. The title and abstract of each selected paper
were examined in detail to determine whether the
article was relevant. We also manually searched
the bibliographies of the retrieved articles. The
major criteria were as follows: (1) serum or plasma
25(OH)D was assayed as the factor of interest; (2)
the outcome of interest was colorectal adenoma
or adenoma recurrence; (3) the relative risk (RR)
and 95%CIs were reported; and (4) articles were
published as full-text manuscripts. If studies were
[18-21]
duplicated
, the study with the larger sample
[19]
[20]
size
or a pooled analysis with another study
was included. Eligibility criteria were assessed by
Choi YJ, and selected manuscripts were checked by
an independent author (Lee JE). Two authors (Choi
YJ and Lee JE) independently assessed the quality
[22]
of each study using the Newcastle-Ottawa Scale .
Score differences greater than 1 between the two
authors were resolved by consensus. We identified
[13-15,19,20,23-31]
fifteen studies
that examined serum or
plasma 25(OH)D levels and first colorectal adenoma
or adenoma recurrence (Figure 1). We excluded
study where the units of the 25(OH)D levels were not
[31]
available . The following data were extracted from
the selected articles: the first author, published year,
study region, sex, study design, endpoint, type of
endoscopy, study dates (follow-up duration), number
of cases and controls, mean or median of 25(OH)D,
25(OH)D levels comparing the highest category
with the lowest category, OR (95%CI), and adjusted
covariates. This meta-analysis was performed
according to the Meta-analysis of Observational
[32]
Studies in Epidemiology (MOOSE) guidelines .

Statistical analysis: The characteristics of the
participants were compared between cases and
controls using the means and standard deviations (SDs)
for continuous variables or using the frequencies and
percentages for categorical variables. The differences
between continuous variables were analyzed by paired
t-tests, and those between categorical variables were
analyzed using the Mantel-Haenszel test. We used
conditional logistic regression analysis to obtain the
odds ratios (ORs) and 95% confidence intervals (CIs)
of colorectal adenoma according to the quartile of
the 25(OH)D levels. A test for trends was performed
by including the median of each 25(OH)D quartile as
a continuous variable. We adjusted for age (years,
2
continuous), BMI (kg/m , 18.5-<23, 23-<25, > 25),
alcohol drinking (men: nondrinker, past drinker, ≤
1/mo, 2-4/mo, 2-3/wk, ≥ 4/wk, women: nondrinker,
ever drinker), smoking status (men: never, 0-<20,
20-<30, > 30 pack-years of smoking; women: never,
ever smoker), folate intake (mcg/d, continuous), and
menopausal status and hormone replacement use for
women only (premenopausal, postmenopausal without
hormone replacement therapy, postmenopausal with
hormone replacement therapy, postmenopausal with
nonresponse about hormone replacement therapy).
We examined whether the associations differed by
adenoma calcium intake (median, < 412.5, ≥ 412.5
mg/d). We used the likelihood ratio test (LRT) to test
the null hypothesis that there was no interaction due
to the potential effect factors of colorectal adenoma.
All P values were two-sided, and P < 0.05 was con
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Statistical analysis: For a meta-analysis of the
association between 25(OH)D levels and colorectal
adenoma, including the association found in our
case-control study, we computed the summary RR
[33]
and 95%CIs using a random-effects model . The
RR of each study was extracted from the most fully
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203 PubMed search hits
55 Web of science hits
30 duplicate search results were excluded
228 articles assessed for eligibility

193 articles were excluded as follows:
50 reviews including meta-analysis and summary
138 articles not relevant to colorectal adenoma
5 articles not relevant to vitamin D

35 articles examining the association
between vitamin D and colorectal
adenoma

21 articles were excluded
18 articles examined the association for only vitamin
D intake or 1,25(OH)2D
2 articles were duplicated
1 article did not report a unit of increment for ORs

1 our analysis of
25(OH)D and adenoma

15 articles included in this meta-analysis
6 case-control studies
4 cross-sectional studies
1 pooled case-control study
4 prospective studies

Figure 1 Flow chart of study selection process.

adjusted models if available. Estimates of the studies
were weighted by the inverse of their variance. In
the main analysis, we compared the highest category
with the lowest category of circulating 25(OH)D
levels. For a study that reported only a dose-response
[26]
relationship , we calculated the OR (95%CI) of
a mean difference in 25(OH)D levels between the
highest and the lowest categories in the other studies
for categorical comparison. We also constructed a
dose-response model. If the RR per standard unit
of increase was not presented in the studies, we
converted the categorical RR to a dose-dependent
RR using the method suggested by Greenland et
[34]
[35]
al
and Orsini et al . For this analysis, we assigned
the midpoint of the upper and lower levels in each
category. If the highest or the lowest boundary was not
reported, we assumed that the interval in the highest
or the lowest category had the same amplitude as the
adjacent category. We calculated the RRs and 95%CIs
for 10 ng/mL increments in the 25(OH)D levels.
We performed subgroup analyses and metaregression analyses to assess potential sources of
heterogeneity due to sex, calcium intake (high or
low), geographic location (United States or Asia), or
adenoma location (proximal or distal).
The between-study heterogeneity was evaluated
[33]
using a Q test . We evaluated for a potential pub
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lication bias using a funnel plot and Egger linear re
[36]
gression test . All meta-analyses were performed
using STATA 11 statistical software (StataCorp, College
Station, TX, United States). All P values were twosided, and P < 0.05 was considered to be statistically
significant.

RESULTS
Case-control study

The characteristics according to colorectal adenoma
prevalence are presented in Table 1. The mean age
was 60.3 (SD = 5.3) years for the cases and 59.7 (SD
= 5.4) years for the controls. The waist circumference
and BMI were higher among the cases than among
the controls. The cases consumed a higher amount
of alcohol than did the controls. The mean 25(OH)D
levels were 15.7 (SD = 5.8) ng/mL for the cases
and 16.7 (SD = 5.6) ng/mL for the controls. Overall,
81.3% of the cases and 73.2% of the controls had
25(OH)D levels < 20 ng/mL. In our study, 76.3% of
the men and 78.2% of the women had 25(OH)D levels
< 20 ng/mL.
We found no association between the 25(OH)D
levels and colorectal adenoma for men, but we found
a suggestive inverse trend for women (Table 2); the
multivariate ORs and 95%CIs compared to the bottom
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meta-analysis (Table 3). The 25(OH)D levels were
measured at baseline during clinical trials of colorectal
[20,26]
adenoma recurrence
. As a result, we included
6 case-control studies, 4 cross-sectional studies, 1
pooled case-control study, and 4 prospective studies
[20,26]
(two used a clinical trial design
). Ten studies
were conducted in the United States, 1 in Austria,
2 in Japan, and 2 in Korea. Nine studies used the
first adenoma as the endpoint, and two prospective
studies from clinical trials considered adenoma
[25]
recurrence as the endpoint. The other two studies ,
including our study, included a small proportion of
participants who had recurrence. The endpoint of the
[30]
study was not clear in one article . Adenomatous
polyps were determined through colonoscopy except
in four studies; two studies used both colonoscopy
[23,25]
and sigmoidoscopy
, and the other two studies
[24,27]
used only sigmoidoscopy
. Two studies conducted
pooled analyses; the pooled analysis including three
colonoscopy-based case-control studies (the Cancer
Prevention Research Unit (CPRU), the Markers of
Adenomatous Polyps (MAP) studies in North Carolina
[28]
and the MAPII study in South Carolina) and a pooled
analysis of two randomized clinical trials (the Wheat
[20]
Bran Fiber Trial and the Ursodeoxycholic Acid Trial) .
Out of 15 studies, 7 studies adjusted for the month of
[14,19,25,27,29,30,37]
blood draw
, one study matched the case
[23]
and control by date of blood draw , and two Korean
[15]
studies , including our case-control study, collected
blood samples only in the winter.
When we conducted a meta-analysis of all the
studies, we found an inverse association between the
25(OH)D levels and colorectal adenoma; the combined
RR (95%CI) was 0.68 (0.54-0.82) when comparing
the highest category with the lowest category (Figure
2). Because we found heterogeneity across studies (P
< 0.001), we omitted one study at a time to examine
whether one study influenced the overall results.
[13,26]
When we excluded two studies
from the analysis,
the heterogeneity decreased, but the results were
similar to those from the analysis where we included
all the studies. When we calculated a dose-response
relationship, the combined RR (95%CI) was 0.93
(0.89-0.97) for a 10 ng/mL increment in 25(OH)D
levels. When we limited our meta-analysis to the
studies that included only the first colorectal adenoma,
the combined RR (95%CI) was 0.65 (0.52-0.78)
when comparing the highest category with the lowest
category. We investigated the association between
25(OH)D levels and colorectal adenoma according to
sex, study region, calcium intake, or adenoma site
(Table 4). Stratification by study region showed that
the ORs (95%CIs) were 0.70 (0.52-0.88) in the US
and 0.66 (0.34-0.97) in Asia. The associations did not
vary by these factors.

Table 1 Characteristics of patients according to adenoma
case, n (%)
Adenoma
(n = 112)

No adenoma
(n = 112)

P value

Age (yr), mean ± SD
60.3 ± 5.3
59.5 ± 5.4
0.37
Men
57 (50.9)
57 (50.9)
Matched
25(OH)D (ng/mL), mean ± SD
15.7 ± 5.8
16.8 ± 5.6
0.16
25(OH)D < 20 ng/mL
91 (81.3)
82 (73.2)
0.12
Education
0.54
Elementary school
16 (14.3)
10 (9.1)
graduate
Middle school graduate
25 (22.3)
31 (28.2)
High school graduate
50 (44.6)
46 (41.8)
College graduate or above
21 (18.8)
23 (20.9)
Waist circumference (cm),
87.0 ± 7.8
84.6 ± 6.7
0.02
mean ± SD
BMI (kg/m2)
0.10
18.5 < BMI < 23
33 (29.5)
36 (32.1)
23 ≤ BMI < 25
32 (28.6)
45 (40.2)
25 ≤ BMI
47 (41.9)
31 (27.7)
Family history
0.53
Yes
6 (5.4)
4 (3.6)
No
106 (94.6)
108 (96.4)
Smoking status
0.29
Non smoker
56 (50.9)
64 (57.7)
Past smoker
37 (33.6)
31 (27.9)
Current smoker
17 (15.5)
16 (14.4)
Alcohol drinking status
0.002
Never drinker
41 (36.6)
57 (50.9)
Past drinker
6 (5.4)
6 (5.4)
Current drinker
65 (58.0)
49 (43.8)
Physical activity (MET-hr/wk),
29.0 ± 32.0
24.3 ± 25.2
0.22
mean ± SD
Supplement use
0.08
Yes
42 (37.5)
56 (50.0)
No
70 (62.5)
56 (50.0)
Red meat intake
0.34
≤ 1/mo
11 (10.1)
10 (8.9)
2-4/mo
77 (70.6)
88 (78.6)
≥ 2/wk
21 (19.3)
14 (12.5)
Energy intake (kcal/d),
1688.8 ± 581.9 1692.4 ± 488.4
0.96
mean ± SD
P values were calculated using the Mantel-Haenszel test for categorical
variables and the paired t test on loge-transformed variables. BMI: Body
mass index.

quartile of 25(OH)D levels were 0.89 (0.26-3.10) for
nd
rd
the 2 quartile, 0.54 (0.13-2.16) for the 3 quartile,
th
and 0.22 (0.04-1.15) for the 4 quartile (P for trend
= 0.05). When we stratified our data by adenoma
location (proximal or distal), the ORs (95%CIs)
were 0.55 (0.22-1.42) for distal adenomas and 0.59
(0.23-1.54) for proximal adenomas. Stratification
by calcium intake showed 0.71 (0.19-2.58) for low
calcium intake (less than median levels) and 0.36
(0.10-1.30) for high calcium intake (median or greater
levels) of ORs (95%CIs) comparing the 4th quartile
with the other three lower quartiles, but the difference
was not statistically significant (P for interaction =
0.36).

Meta-analysis

DISCUSSION

A total of 15 articles reporting 5454 colorectal
adenomas and 6656 controls were included in the
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In a case-control study of Korean adults, we found
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Table 2 Odds ratios and 95% confidence intervals for adenoma according to quartile of 25-hydroxyvitamin D level
Quartile of serum 25(OH) D levels
All patients
Median (ng/mL)
Case/control
Model 1
Model 2
Men
Median (ng/mL)
Case/control
Model 1
Model 2
Women
Median (ng/mL)
Case/control
Model 1
Model 2

Quartile1

Quartile2

Quartile3

Quartile4

P for trend

10.33
37/28
1.00
1.00

14.25
26/28
0.71 (0.35-1.45)
0.72 (0.31-1.66)

17.91
28/28
0.73 (0.33-1.61)
0.73 (0.29-1.82)

24.21
21/28
0.52 (0.23-1.20)
0.49 (0.19-1.27)

0.15
0.16

11.08
15/14
1.00
1.00

14.6
13/14
0.95 (0.35-2.57)
1.31 (0.36-4.82)

17.65
17/15
1.10 (0.29-4.18)
1.26 (0.23-6.87)

22.66
12/14
0.80 (0.25-2.60)
1.80 (0.40-8.12)

0.74
0.46

9.48
16/14
1.00
1.00

13.53
22/14
1.31 (0.53-3.24)
0.89 (0.26-3.10)

18.4
8/14
0.51 (0.18-1.51)
0.54 (0.13-2.16)

25.42
9/13
0.65 (0.20-2.14)
0.22 (0.04-1.15)

0.16
0.05

Model 1 was adjusted for age (continuous). Model 2 was adjusted for the following covariates; men: age (years, continuous), body mass index (BMI) (kg/m2,
18.5- < 23, 23- < 25, > 25), alcohol drinking (nondrinker, past drinker, ≤ 1/mo, 2-4/mo, 2-3/wk, ≥ 4/wk), smoking status (never, 0- < 20, 20- < 30, > 30 packyears of smoking), and folate intake (mcg/d, continuous); women: age (years, continuous), BMI (kg/m2, 18.5- < 23, 23- < 25, > 25), alcohol drinking (nondrinker,
ever drinker), smoking status (never, ever smoker), folate intake (mcg/d, continuous), and menopausal status and hormone replacement use (premenopausal,
postmenopausal without hormone replacement therapy, postmenopausal with hormone replacement therapy, postmenopausal with nonresponse about
hormone replacement therapy use).

Table 3 Included studies of circulating levels of 25-hydroxyvitamin D and colorectal adenoma
First author,
year

Country (sex)

25(OH)D,
mean or
median

No. of
cases/
controls

Platz, 2000

United States Prospective 1989-1996
(W)
study

First
adenoma

326/326

38.0 ng/mL vs 16.3
ng/mL, median

1.00 (ref),
0.64,
0.58,
1.04 (0.66-1.66)

473/506

34.3-115 ng/mL vs
1-15.2 ng/mL, range

1.00 (ref),
0.99,
0.86,
0.74 (0.51-1.09)

236/218

33.7-67.2 ng/mL
vs 5.3-19.4 ng/mL,
range

Grau, 2003

United States Prospective 1992-1996
(M, W)
study

Sigmoidoscopy 26.4 in cases
or colonoscopy
and
26.8 ng/mL
in controls,
mean
Sigmoidoscopy 25.6 in cases
and
26.9 ng/mL
in controls,
mean
Colonoscopy 24.7 in cases
(86.2%) or
and
sigmoidoscopy 26.5 ng/mL
in controls,
median
Colonoscopy 29.1 ng/mL,
median

Levine, 2001

United States
(M, W)

Casecontrol
study

1991-1993

First
adenoma

Peters, 2001

United States
(M, W)

Casecontrol
study

1994-1996

First (61%)
or recurrent
adenoma

376/422

-

Peters, 2004

United States Prospective 1993-1999 First advanced Sigmoidoscopy 27.0 in cases
(M, W)
study
adenoma
and
28.3 ng/mL
in controls,
mean
United States
Cross1998-2000
First
Colonoscopy 27.5 in cases
(M, W)
sectional
adenoma
and
study
31.4 ng/mL
in controls,
mean
Japan
Case1997-2004
First
Colonoscopy 26.2 in cases
(M)
control
adenoma
and
study
26.1 ng/mL
in controls,
mean

394/397

-

111/238

> 33.8 ng/mL vs <
20.8 ng/mL, range

1.0(ref),
0.40,
0.67,
0.47,
0.43(0.23-0.81)
0.99 (0.91-1.07)
OR for serum
vitD levels per
12 (1SD) units
increase
0.87 (0.75-1.01)
OR for serum
vitD levels
per 10 units
increase.
1.00 (ref),
0.74,
0.51 (0.27-0.98)

656/648

≥ 30 ng/mL vs < 22

Miller, 2007

Takahashi,
2010

Study
design

WJG|www.wjgnet.com

study dates

Endpoint

Recurrent
adenoma

Type of
endoscopy
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25(OH)D levels in OR (95%Cl)
the highest vs lowest
categories

ng/ml, range

1.00 (ref),
1.21,
1.21,
1.25 (0.85-1.84)
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Fedirko, 2010

United States
Pooled
1991-2002
(M, W)
case-control
study

First
adenoma

Colonoscopy

Adams, 2011

United States
(M, W)

Crosssectional
study

Fitst or
recurrent
adenoma

Colonoscopy

Ashktorab,
2011

United States
(M, W)

Casecontrol
study

Hong, 2012

Korea
(M, W)

Casecontrol
study

2009-2010

Yamaji, 2012

Japan (M,W)

Crosssectional
study

Jacobs, 2013

Aigner, 2014

Choi,
2015 (our
study)

1998- 2003

Colonoscopy

24.5 in cases
and
25.5 ng/mL
in controls,
mean
23.1 in cases
and
24.9 ng/mL
in controls,
mean
41.2 in cases
and
41.4 ng/mL
in controls,
mean
20.0 in cases
and
25.0 ng/mL
in controls,
mean

616/770

1.00 (ref),
0.77,
0.85,
0.59 (0.41-0.84)

149/ 225

> 28.9 ng/mL vs ≤
20.5 ng/ml, range

1.00 (ref),
0.97,
0.71 (0.38-1.30)

93/187

> 57.7 ng/mL vs <
29.5 ng/mL, range

1.00 (ref),
1.4,
1.9,
0.6 (0.3-1.4)

143/ 143

≥ 23.9 ng/mL vs <

1.00 (ref),
0.87,
0.40,
0.38 (0.18-0.80)

First
adenoma

Colonoscopy

2004-2005

First
adenoma

Colonoscopy

737/ 703

United States Prospective 1990-1999
(M, W)
study

Recurrent
adenoma

Colonoscopy

942/ 1132

14.3 ng/mL, range

Austria (W)

Crosssectional
study

2010-2013

First adenoma

Colonoscopy

22.8 ng/mL
in women

90/629

Korea
(M, W)

Casecontrol
study

2011-2012

First or
recurrent(5%)
adenoma

Colonoscopy

15.7 ng/mL
in cases
and 16.6 in
controls

112/112

32 ng/mL vs 16
ng/mL, median

1.00 (ref),
0.86,
0.91,
1.03,
0.64 (0.45-0.92)
> 30 ng/mL vs < 20
1.00 (ref),
ng/mL, range
0.91,
0.95 (0.73-1.24)
0.976
(0.954-0.999)
for 1 ng/mL
increment
23.4 ng/mL vs 10.0
1.00 (ref),
ng/mL, mean
0.72,
0.73,
0.49 (0.19-1.27)

Table 4 Combined relative risk (RR)s and 95% confidence intervals of colorectal adenoma for the associations by sex, calcium
intake, study region, and adenoma site
Studies, n
Sex
Men
Women
Calcium intake
Low
High
Study region
United States
Asia
Site
Distal adenoma
Proximal adenoma

6
7
7
7
10
4
10
8

Ref.

Combined RR (95%CI) comparing the
highest vs the lowest categories

[13-15,20,27]

and our study
[14,15,20,23,27,37]
and our study

0.78 (0.51-1.06)
0.58 (0.33-0.83)

[14,19,24-26,28]

and our study
[14,19,24-26,28]
and our study

0.73 (0.46-1.01)
0.61 (0.40-0.82)

[19,21,23-30]

0.70 (0.52-0.88)
0.66 (0.35-0.98)

[13-15]

0.30

0.48

0.88

and our study

0.50

[13-15,21,23-25,27,28]

and our study
[13-15,21,25,28,37]
and our study

0.67 (0.53-0.81)
0.61 (0.44-0.79)

populations.
We found an inverse association only among
women in our case-control study. We cannot rule out
the possibility that our finding could be attributed to
chance or potential residual confounding factors among
men; however, the stronger association among women
compared with that in men in our meta-analysis and
the stronger, or only significant for women, association
[21,27]
in some studies
warrant further studies.
Although we found an inverse association between

an inverse association between circulating serum
25(OH)D levels and colorectal adenoma in women
but not in men. When we combined estimates from
case-control, cross-sectional or prospective studies in
a meta-analysis, higher circulating vitamin D levels
were associated with a lower prevalence of colorectal
adenoma. The associations were similar across
proximal and distal sites. Notably, our meta-analysis
showed a significant inverse association between
25(OH)D levels and colorectal adenoma in Asian
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Sex

Relative
Ratio (95%CI)

Study

Year

Platz

2000 W

First

1.04 (0.66, 1.66)

Levine

2001 M,W First

0.74 (0.51, 1.09)

Peters

2001 M,W First (61%) and Recur

0.43 (0.23, 0.81)

Grau

2003 M,W Recur

0.98 (0.86, 1.13)

Peters

2004 W

First

0.27 (0.11, 0.69)

Peters

2004 M

First

1.10 (0.60, 2.05)

Miller

2007 M,W First

0.51 (0.27, 0.98)

Takahashi 2010 M

Endpoint

First

1.25 (0.84, 1.84)

Fedirko

2010 M,W First

0.59 (0.41, 0.84)

Adams

2011 M,W First and Recur

0.71 (0.38, 1.30)

Ashktorab 2011 M,W

0.60 (0.30, 1.40)

Hong

2012 M,W First

0.38 (0.18, 0.80)

Yamaji

2012 M,W First

0.64 (0.45, 0.92)

Jacobs

2013 M,W Recur

0.95 (0.73, 1.24)

Choi

2013 M,W First and Recur (5%)

0.49 (0.19, 1.27)

Aigner

2014 W

0.61 (0.39, 0.98)

First

2

Overall (I = 67.8%, P = 0.000)

0.68 (0.54, 0.82)

0.05

0.5

1

1.5

2.5

Figure 2 Study-specific and combined odd ratios and 95%CIs of colorectal adenoma comparing the highest category with the lowest category of
circulating 25-hydroxyvitamin D levels. First: First adenoma as an endpoint; Recur: Recurrent adenoma as an endpoint.
[44]

circulating vitamin D levels and colorectal adenoma
[16]
in a previous meta-analysis , a limited number of
Asian studies did not allow us to explore whether high
vitamin D was associated with a lower prevalence of
colorectal adenoma in Asian populations along with
Western populations. Because more studies have
been published and we added our study, we examined
the potential benefit of vitamin D against colorectal
neoplasia in Asian populations. It needs further
prospective studies.
Because vitamin D and calcium are metabolically
[38]
interrelated , we examined whether the association
between 25(OH)D levels and colorectal adenoma varied
by calcium intake in the meta-analysis. Although we
found a stronger association among those with high
calcium intake than those with low intake, the difference
was not statistically significant.
Experimental studies have shown that 1,25(OH)2D
inhibits cellular proliferation, induces differentiation
[39,40]
and apoptosis, and inhibits angiogenesis
. In an
in vitro study, colon tumor tissues expressed a lower
vitamin D receptor level than did normal tissues,
and the tumor with a higher receptor level was
[41]
more responsive to 1,25(OH)2D . Additionally, the
administration of 1,25(OH)2D or vitamin D analogues
induced the expression of genes involved in cell
[42,43]
differentiation
. In an in vivo study, vitamin D
treatment in Wistar rats reduced the apoptosis in

WJG|www.wjgnet.com

colon tumors .
Our study has several strengths and limitations.
We collected blood samples only during the winter
season; therefore, individual seasonal variations
should not contribute to our findings. We performed
a comprehensive meta-analysis to combine existing
evidence and found an inverse association between
25(OH)D levels and colorectal adenoma. The limitations
of our case-control study include the small sample
size, the single measurement of 25(OH)D levels, and
the possibility of the presence of residual confounding
factors. Also, because our study participants provide
blood samples after colonoscopy, vitamin D levels
could have been changed if participants altered their
lifestyle such as outdoor activities and dairy food
intake. Especially, if vitamin D levels in participants with
adenoma increased, the association would have been
attenuated toward no association. However, an inverse
association observed in a meta-analysis may suggest
that an inverse association in women in our case-control
study may not be a seriously biased result. We cannot
rule out the possibility that no association in men could
be partly due to the limitations of retrospective nature
in our study.
In summary, the results from our case-control
study and meta-analysis showed that circulating
25(OH)D levels are inversely associated with the
prevalence of colorectal adenoma in both Western and
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Abstract

Institutional review board statement: The study was reviewed
and approved by the ethics committe of Vishnevsky Institute of
Surgery, register No. 001a/15.

AIM: To characterize the computed tomography (CT)
findings in patients with post-inflammatory esophageal
strictures (corrosive and peptic) and reveal the optimal
scanning phase protocols for distinguishing postinflammatory esophageal stricture and esophageal cancer.

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: There is no conflict of interest.

METHODS: Sixty-five patients with esophageal
strictures of different etiology were included in this
study: 24 patients with 27 histopathologically confirmed
corrosive strictures, 10 patients with 12 peptic strictures
and 31 patients with esophageal cancer were evaluated
with a two-phase dynamic contrast-enhanced MDCT.
Arterial and venous phases at 10 and 35 s after the
attenuation of 200 HU were obtained at the descending
aorta, with a delayed phase at 6-8 min after the start
of injection of contrast media. For qualitative analysis,
CT scans of benign strictures were reviewed for the
presence/absence of the following features: “target
sign”, luminal mass, homogeneity of contrast medium
uptake, concentric wall thickening, conically shaped

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
sburyakina@yandex.ru. The presented data are anonymized and
risk of identification is low. No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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suprastenotic dilatation, smooth boundaries of stenosis
and smooth mucous membrane at the transition to
stenosis, which were compared with a control group
of 31 patients who had esophageal cancer. The
quantitative analysis included densitometric parameter
acquisition using regions-of-interest measurement of
the zone of stenosis and normal esophageal wall and
the difference between those measurements (ΔCT) at all
phases of bolus contrast enhancement. Esophageal wall
thickening, length of esophageal wall thickening and
size of the regional lymph nodes were also evaluated.

strictures by qualitatively and quantitatively assessing
changes in the esophageal walls and demonstrated
that the majority of patients with benign strictures had
concentric wall thickening with smooth boundaries,
conically shaped suprastenotic dilatation, a “target sign”,
smooth mucous membrane at the transition to stenosis.
An assessment of the dynamics of contrast material
accumulation by strictures revealed that the arterial and
delayed phases are optimal for differentiating benign
strictures from esophageal cancer.

RESULTS: The presence of a concentric esophageal
wall, conically shaped suprastenotic dilatation, smooth
upper and lower boundaries, “target sign” and smooth
mucous membrane at the transition to stenosis were
suggestive of a benign cause, with sensitivities of
92.31%, 87.17%, 94.87%, 76.92% and 82.05%,
respectively, and specificities of 70.96%, 89.66%,
80.65%, 96.77% and 93.55%, respectively. The
features that were most suggestive of a malignant
cause were eccentric esophageal wall thickening,
tuberous upper and lower boundaries of stenosis,
absence of mucous membrane visualization, rupture
of the mucous membrane at the upper boundary
of stenosis, cup-shaped suprastenotic dilatation,
luminal mass and enlarged regional lymph nodes
with specificities of 92.31% 94.87%, 67.86%, 100%,
97.44%, 94.87% and 82.86%, respectively and
sensitivities of 70.97%, 80.65%, 96.77%, 80.65%,
54.84%, 87.10% and 60%, respectively. The highest
tumor attenuation occurred in the arterial phase
(mean attenuation 74.13 ± 17.42 HU), and the mean
attenuation difference between the tumor and the
normal esophageal wall (mean ΔCT) in the arterial
phase was 23.86 ± 19.31 HU. Here, 11.5 HU of ΔCT
in the arterial phase was the cut-off value used to
differentiate esophageal cancer from post-inflammatory
stricture (P = 0.000). The highest attenuation of postinflammatory strictures occurred in the delayed phase
(mean attenuation 71.66 ± 14.28 HU), and the mean
ΔCT in delayed phase was 34.03 ± 15.94 HU. Here,
18.5 HU of ΔCT in delayed phase was the cut-off value
used to differentiate post-inflammatory stricture from
esophageal cancer (P < 0.0001).

Karmazanovsky GG, Buryakina SA, Kondratiev EV, Yang
Q, Ruchkin DV, Kalinin DV. Value of two-phase dynamic
multidetector computed tomography in differential diagnosis of
post-inflammatory strictures from esophageal cancer. World J
Gastroenterol 2015; 21(29): 8878-8887 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i29/8878.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i29.8878

INTRODUCTION
Although computed tomography (CT) has not been
used as the primary modality for evaluating esophageal
lesions, both benign and malignant stenoses may be
manifested on CT by focal or extended thickening of
[1,2]
the esophageal wall . Other causes of a thickened
esophageal wall on CT include Barrett’s esophagus,
esophagitis, secondary achalasia, diffuse esophageal
spasm, varices, and esophageal intramural pseu
[3]
dodiverticulosis . Some characteristic CT-findings of
peptic stenosis and corrosive esophageal strictures
[4-6]
have been briefly described in the literature . To our
knowledge, no detailed description of CT findings in
post-inflammatory benign esophageal strictures has
been published in the radiology literature. No study
has analysed the value of CT with bolus contrast
enhancement in the differential diagnosis of esophageal
stenosis with a benign etiology. The purpose of our
study was to assess the significantly more common
CT findings in patients with post-inflammatory benign
esophageal strictures (corrosive and peptic) and thereby
reveal the optimal scanning phases of the protocol for
distinguishing post-inflammatory esophageal stricture
and esophageal cancer.

CONCLUSION: The described imaging findings reveal
high diagnostic significance in the differentiation of
benign strictures from esophageal cancer.

MATERIALS AND METHODS

Key words: Multidetector computed tomography;
Esophageal cancer; Corrosive stricture; Peptic stricture

Patient characteristics

After examining the PACS database for the period
from October 2010 to December 2014, 65 patients,
who underwent thoracic CT and had a definitive
diagnosis, were included in this retrospective study. A
review of the patients’ medical records and CT reports
identified 31 patients (25 men, 6 women; mean age
65 years; range, 41-81 years) with a diagnosis of
esophageal cancer, 24 patients (11 men, 12 women;
mean age 48 years; range, 23-74 years) with 27

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

Core tip: Two-phase dynamic multidetector computed
tomography was proposed to evaluate esophageal
stenosis. No previous studies have evaluated the utility
of this method for post-inflammatory strictures. We
investigated this method’s ability to evaluate benign
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thickness at 1-mm intervals. Post-processing was
performed using the Brilliance Portal [Philips Medical
Systems (ClevelanD)]. Images were assessed in all
examination phases.

corrosive esophageal strictures, and 10 patients
(6 men, 4 women; mean age, 49 years; range,
19-66 years) with 12 peptic strictures. The cause of
stenosis included ingestion of caustic agents in 23
patients, and gastroesophageal reflux disease in 10
patients. In the 31 other patients a clinical diagnosis of
esophageal cancer was made by esophagography or
endoscopy and clinical data. Patients with stents, after
radiotherapy and chemotherapy were not included in
the study because pronounced fibrous tissue around
the stent and necrotic areas in the tumor may affect
the MDCT image of a typical stenosis tissue.
The definitive pathologic diagnosis was based on
the results of biopsy in 5 cases of T4 stage esophageal
cancer, the results of endoscopy in 3 cases with short
corrosive esophageal strictures and in 5 cases of peptic
strictures. The patients with T4 stages esophageal
cancer underwent palliative treatment, and patients
with those with strictures had sessions of bougienage.
Another 57 patients underwent surgery, which
comprised: either transthoracic and/or transhiatal
esophagectomy with posterior mediastinal gastric
tube or replacement of the left part of the colon. All
pathologic specimens were histologically investigated
after surgery by a pathologist. The histologic assess
ment of benign vs malignant stenosis was determined
based on the standard architectural and cytologic
[7,8]
features .

Image analysis

The thoracic CT of 64 patients was reviewed retro
spectively by two experienced radiologists, who had 4
and 6 years of experience in gastrointestinal radiology.
All images were de-identified. Radiologists were blinded
to the histological results, numbers and locations of
the stenoses described in the surgical, radiologic and
endoscopic findings. The ﬁnal interpretations were
made by consensus.
All CT data were assessed for the following findings:
(1) thickness of the esophageal wall (concentric
or eccentric); (2) upper and lower boundaries at
the coronal view of the multiplanar reconstruction
image (smooth or tuberous); (3) a luminal mass
(presence or absence); (4) a “target sign” (presence
or absence); (5) contrast medium uptake by thickened
esophageal walls (heterogeneity or homogeneity);
(6) suprastenotic dilatation (cup-shaped or conically
shaped); (7) mucous membrane at the transition
to stenosis (smooth or rupture); and (8) thickness,
length and size of the regional lymph nodes (mm).
The esophageal wall was considered thickened when
[1,9]
its thickness was greater than 5 mm . The actual wall
thickness and length of thickened walls in these patients
were measured (mm). Wall thickening was considered
eccentric when there was asymmetry in the thickening
of the two walls of the esophagus. When the lumen was
not obliterated or partially collapsed, the thickness of a
single esophageal wall was measured from its outer to
inner borders. In the patients in whom the lumen could
not be identified (obliterated or collapsed), thickness
was calculated as one half of the thickness, measured
from the outer border of one wall to the outer border of
the opposing wall in the short axis of the cross section
of the esophagus.
The upper and lower boundaries of thickened walls
were analysed at the coronal view of the multiplanar
reconstruction image and were considered to be
tuberous if they were irregular.
A luminal mass was considered to be present when
there was a soft-tissue mass in the lumen that arose
from the esophageal wall.
A “target sign” was considered to be present
when there was a combination of an enhanced saved
mucosa and a hypodense submucosa in the thickened
[1,10]
esophageal walls
.
Heterogeneity of contrast medium uptake was
considered to be present when hypo- and/or hyper
dense components were visualized in pathologically
changed esophageal walls.
If a suprastenotic dilatation was present, the
radiologist noted whether it was conically shaped or

CT

CT scans were obtained as part of the initial asses
sment of these patients at our institution. Multidetector
CT (MDCT) was performed using 64 and 256 MDCTs
(Philips Brilliance CT-64, Brilliance iCT-256 (Philips
Medical Systems (Cleveland, Ohio 44143 United
States). Examination was performed in the supine
position with patient’s hands behind his/her head.
Scanning was performed with a gulp of potable water
in unenhanced, arterial and delayed phases with the
patient holding their breath. Cranio-caudal scanning
from neck to upper abdomen was performed. The
following scanning parameters were used: collimation
0.9 mm, reconstruction interval 0.45 mm, pitch 1,
tube rotation rate 0.75 s. Nonionic contrast agents
(Optiray 350, Omnipaque 350, Ultravist 370, Visipaque
320) were injected intravenously using a dual head
automatic injector OptiVantage DH (Mallinckrodt; InC)
with a rate of 4-5 mL/s. A bolus of contrast agent was
followed by bolus “chaser” (normal saline, 40-50 mL,
with the same rate).
To start scanning, the “bolus tracking” software
package was used. Two contrast enhanced phases
were performed at 10 and 34 s for arterial and venous
phases after the attenuation of the descending aorta
reached 200 HU. The delayed phase was performed 4-6
min after the injection of contrast agent.
All data were reconstructed with a 1 mm section
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A

tributions of quantitative features and the Spearman’s
rank correlation test (rs) to assess the strengths of the
associations that involve non-normal data distributions
of quantitative CT features and qualitative CT features.
A of P value less than 0.05 was considered statistically
significant. The general classification of correlations
according to their strength was as follows: (1) strong,
or close when the correlation coefficient was more than
0.70; (2) average from 0.50 to 0.69; (3) moderate
from 0.30 to 0.49; (4) weak from 0.20 to 0.29; and
(5) weakest less than 0.19. CT features with strong
and average values of the correlation coefficient were
suggested to be the most useful for differentiating
post-inflammatory benign esophageal strictures and
esophageal cancer. Sensitivity and specificity were also
calculated for all features.
With statistical software (version 17.0 for Windows,
SPSS), independent sample Student’s t tests were
performed to compare ΔCT between the groups
with esophageal cancer and the groups with postinflammatory strictures. A P value less than 0.05
indicated a significant difference. After a significant
difference was shown, receiver operating characteristic
(ROC) analysis was carried out to determine the cut-off
of ΔCT for discriminating stenosis (esophageal cancer
and post-inflammatory benign esophageal strictures)
from background normal esophagus. Measurements
obtained at the gastroesophageal junction were
excluded from the determination of the overall mean
wall thickness because of a known problem with
apparent thickening of the wall or pseudomass lesions
[8,10]
at this level
. The statistical methods of this study
were reviewed by Margarita V. Khakhanova of the
Vishnevsky Institute of Surgery.

B

Figure 1 Visualization of reliable region of interest. A: Regions of interest
(circled red) for esophageal stenosis were drawn freehand around the thickened
walls; B: Regions of interest (circled red) for the background intact esophagus
were drawn around the intact esophageal wall.

cup-shaped.
The shape of a mucous membrane at the transition
to stenosis at the coronal view of the multiplanar
reconstruction image was analysed, concerning
whether it was smooth or whether its rupture occurred
at the upper boundary of stenosis.
In all cases a short-axis diameter of the largest
regional (cervical, tracheobronchial, mediastinal,
gastric or celiac) lymph node was analyzed. It was
considered enlarged if its short-axis diameter was
greater than 10 mm in the transverse plane.
Esophageal wall attenuation in hounsfield units
(HU) was measured at all phases of bolus contrast
enhancement. A reliable region of interest (ROI)
within the thickened esophageal wall was manually
drawn in the transverse section, and the area of ROI
was more than 60% of that of the entire thickened
esophageal wall in the same section (Figure 1). The
tumor attenuation value was derived automatically
by the workstation software. To minimize partial
volume averaging with the surrounding tissues, the
intraluminal gas and periesophageal fat were carefully
excluded when drawing the ROI of stenosis. The
attenuation of the normal esophagus in groups was
measured by drawing the ROI of the intact esophageal
walls. Subsequently, ΔCT was calculated by subtracting
the referenced attenuation value of the background
normal esophageal wall from the representative
attenuation value for esophageal stenosis.

RESULTS
The imaging findings obtained from groups A (“benign
stenosis”) which included 27 corrosive and 12 peptic
strictures and B (“malignant stenosis”), which included
31 esophageal cancers, are summarized in Table
1. In the pathologic reports, esophageal squamous
cell cancer was found in 23 cases and esophageal
adenocarcinoma was found in 8 cases. Seventeen
(54.8%) patients with esophageal cancer had T3
stage, 5 (16.2%) patients had T4 stage, 6 (19.4%)
patients had T2 stage, and 3 (9.6%) patients had T1
stage, according to the classification of the Union for
International Cancer Control.
The correlation analysis results examining the CT
features in group A are summarized in Table 2.
In group A, esophageal thickening (more than 5
mm) was observed in 32 (82%) patients; in group B,
esophageal thickening was observed in 30 (96.8%)
patients. The overall mean esophageal wall thickness
was 17.6 mm with a range of 6-38 mm (SD = 7.3
mm; 95%CI: 14.9-20.3 mm) in the 31 patients with
malignant stenosis vs 8.68 mm with a range of 4-21
mm (SD = 3.4 mm; 95%CI: 7.56-9.81 mm) in the 39

Statistical analysis

Patients were divided into two groups based on the
pathologic findings. Patients with histopathologically
confirmed corrosive (n = 27) and peptic (n = 12)
strictures were included in group A (“benign stenosis”)
and patients with esophageal cancer (n = 31) were
included in group B (“malignant stenosis”).
Correlations between the features and groups A
and B were examined. We used the Pearson product
moment correlation coefficient (r) to assess the str
engths of the associations that involve normal data dis
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Table 1 Computed tomography features of esophageal stenosis
CT features

Group A
(benign
stenosis,
n = 39)

Luminal mass
Heterogeneity of contrast medium
uptake
Homogeneity of contrast medium
uptake
Eccentric esophageal wall thickening
Concentric esophageal wall thickening
Suprastenotic dilatation cup-shaped
Suprastenotic dilatation conically shaped
Smooth mucous membrane at the
transition to stenosis
Rupture of the mucous membrane at the
upper boundary of stenosis
Smooth upper and lower boundaries
Tuberous upper and lower boundaries
Presence of the mucous membrane in the
stenosis «target sign»
Absence of the mucous membrane
visualization in thickened walls
Presence of enlarged lymph nodes

Table 2 Results of correlation analysis in group A (benign
stenosis)

Group B
(malignant
stenosis,
n = 31)

2
3

27
10

36

21

3
37
1
34
32

22
9
17
5
2

0

25

37
2
30

6
25
1

9

30

6

18

CT-features

Concentric esophageal wall thickening
Smooth upper and lower boundaries
Absence of the luminal mass
Presence of the mucous membrane in the
stenosis ("target sign")
Homogeneity of contrast medium uptake
Conically shaped suprastenotic dilatation
Smooth mucous membrane at the
transition to stenosis
Size of the regional lymph nodes
Wall thickness (mm)
Length of esophageal wall thickness
(mm)
CT attenuation value of the postinflammatory stricture in native phase
CT attenuation value of the postinflammatory stricture in arterial phase
CT attenuation value of the postinflammatory stricture in venous phase
CT attenuation value of the postinflammatory stricture in delayed phase
ΔCT in unenhanced phase
ΔCT in arterial phase
ΔCT in venous phase
ΔCT in delayed phase

CT: Computed tomography.

patients with benign stenosis. However, the correlation
between wall thickness and the type of stenosis was
insignificant (rs = 0.080, P = 0.437). The overall mean
length of esophageal wall thickness was 71.33 mm
with a range of 11-135 mm (SD = 33.67 mm; 95%CI:
58.76-83.91 mm) in the patients with malignant
stenosis vs 56.57 mm, with a range of 3-350 mm (SD
= 61.22 mm; 95%CI: 36.16-76.98 mm), in patients
with benign stenosis. However, the correlation between
the length and type of stenosis was also insignificant
(rs = 0.263, P = 0.29). In group A the mean size of the
regional lymph nodes was 6.82 ± 2.9 (range, 3-15)
and in group B it was 10.77 ± 3.6 (range, 5-18). An
average correlation between enlarged regional lymph
nodes and etiology of the stenosis was found (r =
0.542, P < 0.000).
The presence of the following factors was sug
gestive of a benign cause: concentric esophageal
wall thickening with a sensitivity of 92.31% and a
specificity of 70.96%; conically shaped suprastenotic
dilatation, with a sensitivity of 87.17% and a specificity
of 89.66%; smooth upper and lower boundaries,
with a sensitivity of 94.87% and a specificity of
80.65%; presence of the mucous membrane in the
stenosis, with a sensitivity of 76.92% and a specificity
of 96.77%; and smooth mucous membrane at the
transition to stenosis, with a sensitivity of 82.05%
and a specificity of 93.55% (Figure 2). The correlation
between the homogeneity of contrast medium uptake
and the type of stenosis was moderate (rs = 0.354, P
= 0.003). This feature had a high sensitivity (92.31%)
but low specificity (32.26%).
We identified the following imaging findings
of malignant stenosis: eccentric esophageal wall
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Spearman’s rank
correlation test
(r s ), Pearson
product moment
correlation
coefficient (r )

P value

rs = 0.656
rs = 0.510
rs = 0.827
rs = 0.779

0.000
0.000
0.000
0.000

rs = 0.354
rs = 0.711
rs = 0.657

0.003
0.000
0.000

rs =0.542
rs = 0.080
rs = 0.263

0.000
0.437
0.290

r = 0.055

0.652

r = -0.736

0.000

r = -0.444

0.000

r = 0.579

0.000

r = 0.068
r = -0.709
r = -0.565
r = 0.652

0.594
0.000
0.000
0.000

Computed tomography (CT) features that have strong and average cor
relation coefficient values are underlined.

thickening with a specificity of 92.31% and a sensitivity
of 70.97%; tuberous upper and lower boundaries of
stenosis with a specificity of 94.87% and a sensitivity
of 80.65%; absence of the mucous membrane
visualization in stenosis, which were observed in the
majority of patients (96.8%) with a specificity of
67.86% and a sensitivity of 96.77%; rupture of the
mucous membrane at the upper boundary of stenosis
with a specificity of 100% and a sensitivity of 80.65%;
cup-shaped suprastenotic dilatation with a specificity
of 97.44% and a sensitivity of 54.84%; luminal mass
with a specificity of 94.87% and a sensitivity of 87.10%
and enlarged regional lymph nodes with a specificity of
82.86% and a sensitivity of 60%. All of these features
were significantly more common in malignant than in
benign esophageal stenosis (P < 0.05) (Figure 3).

Difference in CT values among esophageal cancer,
post-inflammatory strictures and background normal
esophagus

The correlation coefficient (r) between the CT
attenuation value and group A was strong in the
arterial phase (r = -0.736, P = 0.000) and average
in the delayed phase (r = 0.579, P = 0.000), thus
these features were suggested to be the most
significant for differentiating benign esophageal
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A

A

B
B

Figure 2 Corrosive esophageal stricture. A: Multidetector computed
tomography (MDCT). Arterial phase. Coronal reconstruction. Concentric
esophageal wall thickening of the corrosive stricture, which has a homogeneous
structure (short arrow). The mucosa is traceable as a thin hyperintense line in
the centre of thickened walls that was caused by fibrotic changes (long arrow).
Conically shaped suprastenotic dilatation (star) with smooth upper boundaries
of the stricture; B: MDCT. Arterial phase. Axial CT scan. Target sign - thickening
of saved esophageal mucosa (short arrow) in the centre of fibrotically changed
submucosal, muscular layers and adventitia of esophageal walls (long arrow).

Figure 3 Esophageal cancer. A: Multidetector computed tomography
(MDCT). Arterial phase. Coronal reconstruction of esophageal cancer.
Tuberous upper and lower boundaries of stenosis (short arrow); rupture of
the mucous membrane at the upper boundary of stenosis (long arrow); cupshaped suprastenotic dilatation (star); B: MDCT. Arterial phase. Axial CT scan
of esophageal cancer. Eccentric esophageal wall thickening without mucous
membrane visualization in stenosis (arrow).
1.0

stricture and esophageal cancer. Due to the strong
negative correlation observed in the benign group,
the mean CT attenuation value in the arterial phase
was calculated in the malignant group [74.13 ±
17.42 HU (range, 34-105 HU)]. In the arterial phase,
the mean CT attenuation value of background intact
esophagus was 42.45 ± 8.18 HU (range, 24-60 HU)
in all patients in groups A and B. The mean ΔCT in the
arterial phase was 23.86 ± 19.31 HU. To distinguish
esophageal carcinoma from the background normal
esophageal walls, an ROC curve analysis for ΔCT was
performed (Figure 4). An area under the curve of
0.883 ± 0.37 (95%CI: 1.77 to 10.5, P = 0.000) was
revealed. Here, 11.5 HU of ΔCT was the cut-off value
used to differentiate esophageal cancer from postinflammatory stricture. Thus, the criterion of ΔCT
greater than 11.5 HU in the arterial phase was optimal
for diagnosing cancer, with a sensitivity of 83.87%,
a specificity of 84.85%, a positive predictive value of
83.87%, a negative predictive value of 84.85% and an
accuracy of 84.38%.
In delayed phase the mean CT attenuation value
of the background intact esophagus was 38.39 ± 7.88
HU (range, 22-56 HU) in all patients in groups A and B.
In group A, the mean CT attenuation value in delayed
phase was 71.66 ± 14.28 HU (range, 51-104 HU), and
the mean ΔCT was 34.03 ± 15.94 HU. To distinguish
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Figure 4 Receiver operating characteristic curve of ΔCT in arterial phase.
A criterion of 11.5 HU in arterial phase showed optimal sensitivity (83.87%) and
a specificity of 84.85% for the diagnosis of esophageal cancer.

the post-inflammatory strictures from the background
normal esophageal walls, a ROC curve analysis for ΔCT
was performed (Figure 5). An area under the curve
of 0.845 ± 0.42 (95%CI: 2.5-23.3 P < 0.0001) was
revealed, and 18.5 HU of ΔCT was the cut-off value.
Thus, a ΔCT value more than 18.5 HU in delayed
phase was optimal for determining the benign nature
of stenosis, with a sensitivity of 93.75%, a specificity
of 70.96%, a positive predictive value of 76.92%, a
negative predictive value of 70.97%, and an accuracy
of 82.54%. The mean attenuation of stenosis in group
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Figure 5 Receiver operating characteristic curve of ΔCT in delayed phase.
A criterion of 18.5 HU showed optimal sensitivity (93.75%) and a specificity of
70.96% for the diagnosis of a benign esophageal stricture.

Arterial
phase

Venous
phase

Delayed
phase

Figure 6 Graphs of mean attenuation. Graph of mean attenuation of normal
esophageal wall, tumor and benign stenosis.

thickening is to establish whether its cause is benign
or malignant. Differential diagnosis of esophageal
stenosis of various etiologies has been reported in the
[6,18-20]
literature
. However, doubt may occasionally arise
(in 10% of cases) in the accuracy of the diagnosis,
despite the well-known CT-criteria used for the
[4]
differential diagnosis of esophageal stenosis . In this
study we used MDCT with two-phase bolus contrast
enhancement and hydro-CT to assess the capabilities
of MDCT in the differential diagnosis of chronic inflam
matory and tumor-induced changes in the esophagus.
In our study, new features proved to be useful for
determining esophageal stenosis in patients with postinflammatory strictures.
We analysed the patients of in groups A and B with
a variety of CT-findings that were repeated from patient
to patient and identified the most significant features.
Esophageal cancer is characterized by asymmetric
wall thickening and the active accumulation of
contrast medium during the arterial phase. Eccentric
esophageal wall thickening, absence of the mucous
membrane visualization in the stenosis, rupture of
the mucous membrane at the upper boundary of
stenosis, cup-shaped suprastenotic dilatation, tuberous
boundaries of stenosis and luminal mass are most
likely due to newly formed tumor tissue, which grows
from the local area in the esophageal wall, destroys the
mucosa and forms elevated borders of pathologically
changed walls and luminal mass. However, cupshaped suprastenotic dilatation was only found in 17
(54.8%) patients. These patients had T3 stage (9
patients), T4 stage (4 patients) or T1 and T2 stages
(1 patient each) according to the TNM classification.
Stage T1 and T2 esophageal cancer does not usually
result in esophageal stenosis. This feature may be
very helpful in diagnosing patients with moderate or
significant stenosis. A pathologically high accumulation
of the contrast medium in the arterial phase of bolus
contrast enhancement occurred 10 s after a peak
value in the aorta reached 120-150 HU. Our findings
were consistent with those obtained in a study using
triple-phase dynamic CT, where it was established that

B showed a peak in the arterial phase, and the mean
attenuation of stenosis in group A showed a peak in
the delayed phase, whereas the attenuation of the
intact esophageal wall tended to gradually enhance
(Figure 6).

DISCUSSION
The normal thickness of the esophageal wall is 3-5
[1,9]
mm, depending on its extension
. Esophageal
stenosis develops and clinically manifests as dysphagia
when thickening of esophageal walls occurs and its
lumen narrows to less than 13 mm. Many diseases can
cause esophageal stricture formation, including peptic
acid, autoimmune, infectious, caustic, congenital,
iatrogenic, medication-induced, radiation-induced,
malignant, and idiopathic disease processes. Doublecontrast esophagography and endoscopy are the
two major diagnostic modalities for evaluating the
esophagus.
The most optimal staging diagnostic modalities
for esophageal cancer currently combine EUS-guided
fine needle aspiration (EUS-FNA) with either CT or
[11-12]
PET scans
. EUS is important for tumor depth (T
staging) and for regional lymph nodes (N staging)
evaluation. Specificity of EUS for N staging increases
by the use of EUS-FNA for lymph node cytology. But
EUS examination is limited by tumors which obstruct
the esophageal lumen. Up to 45% of tumors are non[13]
traversable (most of these are T3-T4) . In these
cases dilation of esophageal lumen or the use of high
frequency miniprobe ultrasound through an upper
endoscope helps to overcome this limitation and is
useful for staging of an obstructing tumor.
Although CT plays a significant role in the diagnosis
[14-17]
and TNM staging of esophageal cancer
, the CT
findings obtained for post-inflammatory strictures are
not well described in the radiology literature.
Esophageal wall thickening is a nonspecific res
[10]
ponse to various diseases . The major objective in
the CT assessment of unexplained esophageal wall
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traceable in the arterial phase as a thin hyperintense
line in the centre of hypodense thickened walls, caused
by inflammation of the stricture (target sign) (Figure 4).
Inside the stricture area, the mucosa can be frequently
interrupted or may not be visualized when there is
complete mucosal destruction. A “target sign” was
found in the esophagus of 77% of the patients with
post-inflammatory strictures. This sign is also typical
[10]
of esophagitis . We suggest that this feature is due
to inflammation in the mucosa. A marked increase of
attenuation in the post-inflammatory stricture in the
delayed phase may be explained by the proliferation
of fibrous tissue in its walls. It is well known that
areas of delayed or prolonged enhancement in
liver tumors at CT or magnetic resonance imaging
correspond to fibrotic stroma at histopathologic
[26-29]
examination
. In our research, fibrotic stroma was
found in the histopathologic examination of all postinflammatory strictures. The cut-off ΔCT of 18.5 HU
in the delayed phase had high sensitivity, specificity,
positive predictive value, negative predictive value and
accuracy, all of which were greater than 70%, in the
differential diagnosis of post-inflammatory stricture.
Therefore, the CT attenuation value in delayed phase
may be used as a criterion for discriminating benign
stenosis from cancer.
The analysis of the post-inflammatory esophageal
strictures revealed, an intraluminal component in two
cases, which simulated neoplastic transformation in the
wall. In one case, there was a soft-tissue component
with a uniform structure that showed delayed ac
cumulation of contrast medium, which was thus
considered a fibrous tissue. In the other case, the softtissue component showed an active accumulation of
contrast medium during the arterial phase and lymph
nodes were enlarged up to 13 mm, which suggested
a tumor (Figure 5). However, during analysis, the
margin between the hyperintense component and the
surrounding hypodense fibrous layers of the wall was
clearly traced, which suggested a mucosal granulation
and consequently an inflammatory origin for the
stricture (Figure 7).
The CT differentiation of benign and malignant
stenosis is important because the specific diagnosis
influences the treatment, including the necessity of
surgery and the technique, or surgical approach that
should be used as well as the need for lymph node
dissection.
In addition, the results of the study showed a
significant enlargement of the regional lymph nodes
(diameter more than 10 mm), which was typically
associated with the neoplastic transformation of the
esophageal wall.
Our study has some limitations, as represented
by the low number of studied patients. Selection bias
is another inevitable component in a retrospective
study. Another limitation is that the measurement of
CT enhancement is a semi-quantitative method for
assessing vascularity, and is significantly affected by

Figure 7 Atypical manifestation of corrosive esophageal stricture at
computed tomography imaging. Arterial phase. Axial computed tomography
(CT) scan of corrosive esophageal stricture. Development of mucosa
granulations (short arrow), fibrotically changed submucosal and muscular
layers and adventitia of esophageal walls (long arrow).

the maximum contrast enhancement of esophageal
cancer occurred at the arterial phase of bolus contrast
[19,21]
enhancement
. Clinically, the results of our study
showed that the contrast-enhanced attenuation
value within esophageal carcinoma was significantly
higher than in the background normal esophageal
wall in the arterial phase. Our findings suggested that
the cut-off ΔCT of 11.5 HU in the arterial phase had
high sensitivity, specificity, positive predictive value,
negative predictive value and accuracy all of which
were greater than 80%, in detecting esophageal
cancer. Similar data were found in the research of Li et
[21]
al . Our findings also may be explained by the fact
that esophageal carcinoma is typically hypervascular
and that the formation of new arterial microvessels in
tumors results in an increased enhanced attenuation
[22-24]
value
. Therefore, the active accumulation of
contrast medium in the arterial phase suggests the
neoplastic origin of the stenosis, which was confirmed
by our data.
Peptic stenosis is the most common cause of
esophageal stenosis, and leads to the formation
of 60%-70% of all benign strictures. Carrascosa
[6]
et al described peptic stenosis as short in length
(less than 1 cm), with concentric esophageal wall
thickening. Corrosive strictures can be variable in both
length and number. We found these features to be
insufficient, because in our research, 9 (29%) patients
with esophageal cancer had concentric esophageal
wall thickening and 3 (10%) patients with postinflammatory strictures had eccentric esophageal wall
[25]
thickening. Koehler et al also noticed that malignant
esophageal tumors may be manifested on CT because
of concentric wall thickening. Gradual narrowing of
the esophageal lumen occurs in chronic inflammatory
stenoses and forms a conically shaped suprastenotic
dilatation. Suprastenotic dilatation was found in most
cases (87%) of benign stenosis with different thickness
and length and is a very important feature that helps
establish a correct diagnosis. The mucosa was often
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esophageal cancer. The study is well structured; the subject is an actual one
and could be helpful in routine radiological practice. The described imaging
findings show high diagnostic significance in differentiation benign strictures
from esophageal cancer.

the impact of patient cardiac output and central blood
volume. To overcome this limitation, we measured
the extent of CT enhancement within the stricture by
subtracting the attenuation value of background intact
esophageal walls from that of esophageal stenosis,
which may help avoid the influence of cardiac output
and central blood volume. The last limitation is that
normal esophagus has thin walls and was thus more
subject to partial volume averaging with adjacent
paraesophageal fat tissue or air, which may have
influenced the accuracy of the CT enhancement values
measurements in the esophageal wall. To minimize
this limitation, the measurements of CT enhancement
were analysed on both thin-section and magnified
images.
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METHODS: Data from a total of 95 patients with
HCC who received TAI were analyzed retrospectively.
The efficacy of TAI was evaluated according to the
Response Evaluation Criteria in Cancer of the Liver.
Overall survival was calculated from the date of initial
treatment to the date of death or last follow-up.
Survival curves were calculated by the Kaplan-Meier
method, and differences in survival were evaluated by
the log rank test. Clinical variables that were identified
as statistically different by a univariate analysis were
included into the Cox proportional hazard regression
model for multivariate analysis. A prognostic index
based on the regression coefficients derived from
variables identified by the multivariate analysis
was constructed. Stratification of the patients was
conducted using this prognostic index.
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RESULTS: The patient group was comprised of 76
men and 19 women with an average age of 68 years
(range: 37-82 years). Six patients (6.3%) showed
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and local ablative treatments, offer a chance of cure
[3-7]
and improved life expectancy
. Transcatheter
arterial chemoembolization (TACE) exhibits a marked
antitumor effect in HCC, and meta-analyses have
demonstrated that TACE improves the survival of
patients with unresectable HCC and preserved hepatic
[8,9]
function
. Recently, the multikinase inhibitor,
sorafenib, has been also established as standard
[10,11]
treatment for advanced HCC
, but the survival rate
[12]
remains unsatisfactory .
Transcatheter arterial infusion (TAI) is often used
for the treatment of intermediate and advanced
HCC, especially in Japan, because high concentration
of the anticancer drugs can be delivered to tumors
[13,14]
with less toxicity
. However, there is no evidence
within phase Ⅲ trials that show a survival benefit.
In a randomized controlled trial of TACE and TAI
with zinostatin stimalamer and lipiodol, TAI yielded
results comparable to those of TACE with respect to
[15]
survival . In addition, sorafenib has been used in
TACE-refractory cases, but the survival advantage
of this agent is modest. If TAI can be used as an
alternative treatment option, the addition of em
bolization may not be necessary for HCC patients, and
TAI may result in longer survival when compared with
sorafenib. Although the identification of prognostic
factors might help with appropriate patient selection
for TAI, only a few reports have investigated these
[16,17]
factors
.
The present study was conducted to investigate
the antitumor efficacy of the treatment, as well as
to identify the prognostic factors in patients with
advanced HCC receiving TAI. In addition, a prognostic
index is proposed to assist with determining treatment
strategies in patients with HCC.

complete response and 18 patients (18.9%) showed
partial response, for an overall response rate of 25.2%.
The median overall survival was 27.6 mo, and the
proportions of survivors at 1, 2, and 5 years were
67.4%, 54.0%, and 17.4%, respectively. Multivariate
analysis demonstrated that no prior transcatheter
arterial chemoembolization, lactate dehydrogenase
< 230 IU/L, and performance status of 0 were
the independent favorable prognostic factors. The
development of a 0-3-point prognostic score index was
based on the sum of these three prognostic factors.
Subsequently, the patients were categorized into three
groups: those with a good (prognostic index = 0-1; n
= 54), intermediate (prognostic index = 2; n = 26),
or poor (prognostic index = 3; n = 15) prognosis. The
median survival times in these three groups were 41.0,
21.2, and 6.8 mo, respectively (P < 0.01).
CONCLUSION: Our simple prognostic index may be
helpful for management of patients in determining
treatment strategies for advanced HCC in the era of
molecularly targeted therapy.
Key words: Hepatocellular carcinoma; Interventional
radiology; Prognostic factor; Survival; Transcatheter
arterial infusion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transcatheter arterial infusion chemotherapy
is one of the therapeutic approaches for hepatocellular
carcinoma. In this study, multivariate Cox regression
analyses demonstrated that no prior transcatheter
arterial chemoembolization, lactate dehydrogenase
< 230 IU/L, and performance status of 0 were
the independent favorable prognostic factors. The
prognostic index based on a combination of these
three prognostic factors successfully categorized the
patients into three groups with good, intermediate,
or poor prognoses. This index may assist in the
prediction of response to transcatheter arterial
infusion chemotherapy in patients with hepatocellular
carcinoma.

MATERIALS AND METHODS
Patients

Between February 2000 and October 2010, 95 patients
with advanced HCC were treated with TAI using various
chemotherapy regimens at Chiba University Hospital,
Japan. HCC was diagnosed on the basis of histologic
examination or imaging studies such as distinctive
findings on CT and/or angiography, with elevated
serum levels of serum alpha-fetoprotein or des-γcarboxy prothrombin. In principle, to assess the extent
and size of the tumors before treatment, chest X-ray,
ultrasonography, CT, and angiography of the abdomen
were performed. Written informed consent was
obtained from all the patients prior to the start of the
treatment. This retrospective analysis was approved
by the Ethics Committee of Chiba University.

Suzuki E, Chiba T, Ooka Y, Ogasawara S, Tawada A, Motoyama T,
Kanogawa N, Saito T, Yoshikawa M, Yokosuka O. Transcatheter
arterial infusion for advanced hepatocellular carcinoma: Who
are candidates? World J Gastroenterol 2015; 21(29): 8888-8893
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i29/8888.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i29.8888

INTRODUCTION

Treatment procedure and assessment of efficacy

TAI was performed by selectively introducing a
catheter into the artery feeding the tumor and injecting
[18,19]
anticancer drugs in a similar fashion to TACE
.

Hepatocellular carcinoma (HCC) is the sixth most
[1,2]
common malignancy in the world
. Treatment
options, such as resection, liver transplantation,
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Table 2 Chemotherapeutic regimens for hepatocellular
carcinoma

Table 1 Patient characteristics (n = 95)
Value

Sex, male/female
Age (yr): median (range)
ECOG-PS: 0/1/2
Etiology HBV/HCV/Others
Child-Pugh: A/B/C
Maximum tumor diameter (mm): median (range)
Tumor distribution: unilateral/bilateral
Portal vein tumor thrombosis: yes/no
AFP (ng/mL), median (range)
DCP (mAU/mL), median (range)
Previous treatment
Surgical resection
PEI
RFA
TACE
None

Regimen

76/19
68 (37-82)
62/28/5
72/12/11
49/42/4
30.0 (10.0-160.0)
22/73
19/76
86.0 (1.9-5856.0)
117 (0-204030)

35
21
13
12
6
5
2
1

SMANCS: Poly (styrene-co-maleic acid)-neocarzinostatin.

4
25
8
34
24

100

ECOG-PS: Eastern Cooperative Oncology Group-performance status;
HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-feto
protein; DCP: Des-γ-carboxy prothrombin; PEI: Percutaneous ethanol
injection; RFA: Radiofrequency ablation; TACE: Transcatheter arterial
chemoembolization.

Generally, the indication for TAI at our institution was
as follows: (1) repeated TACE could not control the
HCC progression; and (2) selective TACE could not be
performed because of multilobar tumor expansion.
Anticancer agents used for TAI were as follows: (1)
epirubicin was selected as first-line treatment before
cisplatin approval; (2) cisplatin-based regimens were
used before miriplatin approval, but not in patients
with chronic kidney disease; and (3) miriplatin was
selected as first-line treatment after miriplatin approval.
The dose of the drug and whether or not the port
is implanted, were determined based on the tumor
size and liver function. After the treatment, follow-up
examinations, including CT, ultrasonography, tumor
marker measurement, and serum biochemistry, were
generally performed first at 1-3 mo after the treatment
completion, and subsequently every 3-4 mo. The
transcatheter arterial treatments were repeated when
disease progression by imaging studies or clinical
deterioration of the patient’s general condition occurred.

80
60
40
20
0

0

20

40
60
Months after treatment

80

100

Figure 1 Overall survival curve for all patients with hepatocellular
carcinoma treated by transcatheter arterial infusion chemotherapy. Tick
marks indicate censored cases.

Statistical analysis

Variables were chosen based on previous investigations
or our own clinical experience. Each of the variables
was divided into two clinically meaningful subgroups.
Overall survival was calculated from the date of initial
treatment to the date of death or last follow-up.
Survival curves were calculated by the Kaplan-Meier
method. Univariate and multivariate analyses were
calculated by Cox proportional hazards regression
model. Only variables identified as statistically
different by a univariate analysis were included in the
multivariate analysis. A prognostic index based on
the regression coefficients derived from all variables
identified by the multivariate analysis was constructed.
Stratification of the patients was based on this pro
gnostic index. All P values shown in this report are
of the two-tailed type. Differences at P < 0.05 were
considered to be statistically significant.

Evaluation of the antitumor efficacy

The antitumor effect was assessed by CT or magnetic
resonance imaging at 3 mo after treatment according
to the Response Evaluation Criteria in Cancer of the
[20]
Liver . Lipiodol accumulation in the tumor was
regarded as representing necrotic tissue. Complete
response was defined as 100% size reduction or
100% necrosis of all tumors, and partial response was
defined as > 50% reduction and/or necrosis in the
sum of all measurable tumors. Progressive disease
was defined as more than 25% tumor growth in the
sum of all lesions and/or the appearance of any new
lesions. Stable disease was considered as any effect
that did not qualify for classification as complete or
partial response or progressive disease.

WJG|www.wjgnet.com

No. of patients

Cisplatin
Carboplatin
Epirubicin
SMANCS
Miriplatin
5-fluorouracil
Doxorubicin
Pirarubicin

Cumulative survival rate (%)

Variables

RESULTS
Patient characteristics

The characteristics of all the 95 patients are shown in
Table 1. The numbers of patients with Barcelona Clinic
Liver Cancer stage A, B, C, and D were 6 (6.3%), 58
(61.1%), 27 (28.4%), and 4 (4.2%), respectively.

8890

August 7, 2015|Volume 21|Issue 29|

Suzuki E et al . TAI for advanced HCC
Table 3 Univariate and multivariate analyses of the prognostic factors of hepatocellular carcinoma patients receiving transcatheter
arterial infusion chemotherapy
Variable

Univariate analysis

Sex (male)
Age (≥ 70 yr)
ECOG-PS (1 or 2)
Platelet count (≥ 10.0 × 104/mm3)
AST (≥ 70 IU/L)
ALT (≥ 53 IU/L)
LDH (≥ 230 IU/L)
Total bilirubin (≥ 1.0 mg/dL)
Albumin (≥ 3.0 g/dL)
Prothrombin (≥ 70%)
Maximum tumor diameter (≥ 30 mm)
Tumor distribution (bilateral)
Portal vein tumor thrombosis
AFP (≥ 100 mg/ml)
DCP (≥ 1000 mAU/mL)
Prior TACE

Multivariate analysis

HR (95%CI)

P value

1.20 (0.60-2.37)
0.94 (0.59-1.70)
2.81 (1.58-5.02)
2.07 (1.22-3.53)
1.55 (0.92-2.61)
1.23 (0.73-2.09)
1.92 (1.14-3.22)
1.88 (1.11-3.18)
0.80 (0.43-1.48)
0.48 (0.26-0.88)
1.27 (0.74-2.16)
1.12 (0.62-2.02)
1.78 (0.45-2.19)
1.25 (0.74-2.11)
1.20 (0.67-1.45)
2.38 (1.34-4.24)

0.62
0.81
< 0.01
< 0.01
0.10
0.44
0.01
0.02
0.47
0.02
0.39
0.71
0.14
0.40
0.33
< 0.01

HR (95%CI)

P value

2.38 (1.29-4.39)

< 0.01

2.03 (1.19-3.45)

< 0.01

2.34 (1.28-4.28)

< 0.01

HR: Hazard ratio; CI: Confidence interval; ECOG-PS: Eastern Cooperative Oncology Group-performance status; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; LDH: Lactate dehydrogenase; AFP: alpha-fetoprotein; DCP: Des-γ-carboxy prothrombin; TACE: Transcatheter arterial
chemoembolization.
4

Cumulative survival rate (%)

80
60
40

Group C

Group B

Group A

20
0

3

10.0 × 10 /mm , total bilirubin < 1.0 mg/dL, lactate
dehydrogenase (LDH) < 230 IU/L, performance status
(PS) of 0, prothrombin time ≥ 70%, and no prior
TACE, were significantly associated with longer survival
time (all P < 0.05). In the multivariate analyses,
only those variables identified as significant by the
univariate analysis were examined. No prior TACE,
serum LDH < 230 IU/L and PS of 0 were significantly
associated with favorable survival.

100

Risk groups based on the regression model
0

20

40
60
Months after treatment

80

To apply these findings clinically, a prognostic index
was evaluated according to the regression coefficients
derived from the three significant variables identified
by multivariate analysis: prognostic index = score for
prior TACE (0 for no, 1 for yes) + score for LDH (0 for
< 230 IU/L, 1 for ≥ 230 IU/L) + score for PS (0 for
PS 0, 1 for PS 1 or 2). The index values ranged from
0 to 3. The patients were then stratified into three
groups according to the prognostic index, as follows:
good prognosis group (prognostic index = 0-1; n =
54) (equivalent to patients with none or one of the
three prognostic factors); intermediate prognosis
group (prognostic index = 2; n = 26) (equivalent to
patients with two of the three prognostic factors);
poor prognosis group (prognostic index = 3; n = 15)
(equivalent to patients with all of the three prognostic
factors). The survival curves of these groups are
shown in Figure 2. The median survival times in the
good, intermediate, and poor prognosis groups were
41.0, 21.2, and 6.8 mo, respectively, with significant
differences among the three groups (P < 0.01).

100

Figure 2 Survival curves for the three groups determined by a prognostic
index. Group A: good prognosis; Group B: intermediate prognosis; Group C:
poor prognosis. Tick marks indicate censored case.

Chemotherapy regimens of TAI are shown in Table
2. Thirty-five of 95 patients received hepatic arterial
infusion chemotherapy using an implanted portcatheter system.

Treatment efficacy and survival

Six patients (6.3%) showed a complete response and
18 patients (18.9%) showed a partial response, for an
overall response rate of 25.2%. The median survival
time was 27.6 mo, and the proportions of survivors
at 1, 2, and 5 years were 67.4%, 54.0%, and 17.4%,
respectively (Figure 1).

Univariate and multivariate analyses

The results of univariate analysis and multivariate
analysis using the Cox proportional hazard model
are shown in Table 3. Among the factors, platelet ≥
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The aim of this study was to investigate the anticancer
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activity of TAI and identify prognostic factors in
patients with HCC receiving TAI. In this study, the
median survival time and survival rates at two years
in the current study were 27.6 mo and 54.0%,
respectively. These results were comparable to those
[16]
of TAI reported previously
and appeared to be
favorable in comparison with those in conventional
[8,21]
TACE performed approximately ten years ago
.
[22-24]
However, recent studies
revealed that a new
chemoembolization technique with drug eluting beads
achieved longer survival than was observed in the
present study.
Of importance, no prior TACE, LDH < 230 IU/L,
and PS of 0 were found to be favorable prognostic
factors by multivariate analysis. Many patients re
ceiving TAI already have experienced TACE. One
reason for unsatisfactory results is that HCC might
acquire resistance to cytotoxic agents. LDH level
correlates the tumor burden and the invasive potential
of tumor. A high LDH level is associated with poor
response to the therapy and recurrence of cancer
[25,26]
in many malignancies
. PS is widely used as an
assessment of the physical condition of the patient
and is an important prognostic factor in patients with a
[27,28]
variety of cancers
. For clinical application of these
findings, we proposed a prognostic index based on the
independent prognostic factors identified in this study.
Patients are classified into three groups: those with
good, intermediate, or poor prognoses. The median
survival times in these three groups were 41.0,
21.2, and 6.8 mo, respectively. This index is easily
calculated. Patients in the good prognosis group may
obtain favorable response with TAI alone, with results
comparable to those of TACE previously reported in
[29,30]
Japan
. Even in TACE-refractory cases, TAI may
be superior to sorafenib treatment if appropriate
candidates are identified. In contrast, patients in the
poor prognosis group are recommended for more
aggressive treatments or best supportive care because
of the extremely short median survival (6.8 mo).
The Barcelona Clinic Liver Cancer staging is widely
used worldwide; in this staging system, TACE and
sorafenib are the standard treatments for intermediate
[5]
and advanced HCC, respectively . Because of the
lack of randomized controlled trials, TAI has not been
recognized as an effective treatment. The combination
of TAI with molecular targeted therapy may improve
the survival for patients with advanced HCC.
This study has several limitations. First, the
anticancer drugs used in TAI varied because no
standard anticancer regimen has been established
for TAI. Second, this study was retrospective and
therefore has some inherent biases, such as selection
criteria.
In conclusion, TAI exhibited antitumor effects
and resulted in favorable survival in some patients
with HCC. The prognostic factors identified and the
proposed index based on these factors may be useful
for predicting life expectancy, determining treatment
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strategies, and designing future clinical trials for
advanced HCC in the era of molecularly targeted
therapy.
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Abstract
AIM: To elucidate the natural history and the longi
tudinal outcomes in cirrhotic patients with non-forward
portal flow (NFPF).

Institutional review board statement: This study was
conducted in accordance with the Declaration of Helsinki, and
was approved by the Ethics Committee of Chiba University
Graduate School of Medicine.

METHODS: The present retrospective study consisted
of 222 cirrhotic patients (120 males and 102 females;
age, 61.7 ± 11.1 years). The portal hemodynamics
were evaluated at baseline and during the observation
period using both pulsed and color Doppler ultra
sonography. The diameter (mm), flow direction, mean
flow velocity (cm/s), and mean flow volume (mL/min)
were assessed at the portal trunk, the splenic vein, the
superior mesenteric vein, and the collateral vessels.
The average values from 2 to 4 measurements were
used for the data analysis. The portal flow direction
was defined as follows: forward portal flow (FPF) for
continuous hepatopetal flow; bidirectional flow for
to-and-fro flow; and reversed flow for continuous
hepatofugal flow. The bidirectional flow and the
reversed flow were classified as NFPF in this study. The
clinical findings and prognosis were compared between
the patients with FPF and those with NFPF. The median
follow-up period was 40.9 mo (range, 0.3-156.5 mo).

Informed consent statement: Informed written consent for
research use of medical records was obtained from all of the
patients.
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RESULTS: Twenty-four patients (10.8%) demonstrated
NFPF, accompanied by lower albumin level, worse ChildPugh scores, and model for end-stage liver disease
scores. The portal hemodynamic features in the patients
with NFPF were smaller diameter of the portal trunk;

8894

August 7, 2015|Volume 21|Issue 29|

Kondo T et al . Reversed portal flow in cirrhosis
Portal hypertension, which represents the underlying
pathophysiology of cirrhosis, is the basic mechanism
responsible for several major complications. The
impaired hemodynamics typified by the development
of collateral vessels might explain the clinical pre
[3,11-13]
sentations
. Doppler ultrasound (US), which is
a frequently used diagnostic tool, offers real-time
observation of hemodynamics with simple and reliable
[14-18]
methodology
. It may also be the only method that
can demonstrate the direction of blood flow in vessels
under physiological conditions.
Non-forward portal flow (NFPF), i.e., reversed or
bidirectional flow in the portal venous system, is an
abnormal but not rare condition in cirrhosis. The unique
and impaired hemodynamics associated with NFPF are
based on the anatomical features of the portal venous
system and may represent a sign of advanced portal
[19-22]
hypertension
. However, the influence of NFPF on
the long-term clinical outcomes in patients with portal
hypertension remains undetermined.
We designed the current study to compare the
clinical manifestations and the long-term outcomes
between patients with forward flow in the portal
venous system and those with NFPF. The aim of
the study was to elucidate the effect of portal flow
direction on the long-term clinical outcomes of patients
with cirrhosis.

presence of short gastric vein, splenorenal shunt, or
inferior mesenteric vein; and advanced collateral vessels
(diameter > 8.7 mm, flow velocity > 10.2 cm/s, and flow
volume > 310 mL/min). The cumulative incidence rates
of NFPF were 6.5% at 1 year, 14.5% at 3 years, and
23.1% at 5 years. The collateral vessels characterized
by flow velocity > 9.5 cm/s and those located at the
splenic hilum were significant predictive factors for
developing NFPF. The cumulative survival rate was
significantly lower in the patients with NFPF (72.2%
at 1 year, 38.5% at 3 years, 38.5% at 5 years) than
in those with forward portal flow (84.0% at 1 year,
67.8% at 3 years, 54.3% at 5 years, P = 0.0123) using
the Child-Pugh B and C classifications.
CONCLUSION: NFPF has a significant negative effect
on the prognosis of patients with worse liver function
reserve, suggesting the need for careful management.
Key words: Non-forward portal flow; Reversed portal
flow; Cirrhosis; Doppler ultrasound; Portal hemodynamics
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The influence of non-forward portal flow
(NFPF) in cirrhosis has not been determined. The
present study examined the effect of NFPF on the
natural history of cirrhosis in 222 patients (median
follow-up period 40.9 mo). The cumulative incidences
of NFPF was as follows: 6.5% at 1 year, 14.5% at 3
years, and 23.1% at 5 years. The cumulative survival
rate was significantly lower in patients with NFPF
(72.2% at 1 year, 38.5% at 3 years, and 38.5% at 5
years) than in those with forward portal flow (84.0%
at 1 year, 67.8% at 3 years, and 54.3% at 5 years, P
= 0.0123) using Child-Pugh B and C classifications,
suggesting the need for careful management of these
patients.

MATERIALS AND METHODS
Study design

This retrospective study was based on the medical
records in our department from June 2001 through
November 2012. The information included the results
of regular check-ups of patient’s physical status, blood
tests, and findings from endoscopic and Doppler
US examinations. The study enrolled patients with
cirrhosis who received Doppler US examinations for
evaluating their portal hemodynamics. The diagnosis
of cirrhosis was based on a combination of biochemical
findings and US examination. The exclusion criteria
were as follows: (1) patients with a malignant disease
(including a history of HCC diagnosis based on
[23]
radiological findings and/or histology ); (2) patients
with less than 1 year of follow-up; (3) patients with
more than a 1-year interval between Doppler US
and endoscopic examinations; (4) patients receiving
radiological or surgical treatment, such as stomach
surgery, transjugular intrahepatic portosystemic
shunt, or shunt embolization that may affect the flow
direction in the portal vein; (5) patients receiving
antiviral therapy during the study period; (6) patients
using vasoactive drugs, such as β-blockers, because
these agents are not approved as treatment for portal
hypertension in Japan; and (7) patients with vascular
abnormalities, such as an intrahepatic arterio-portal
shunt diagnosed using Doppler US examination.
Hepatic encephalopathy (HE) was assessed using

Kondo T, Maruyama H, Sekimoto T, Shimada T, Takahashi M,
Yokosuka O. Reversed portal flow: Clinical influence on the
long-term outcomes in cirrhosis. World J Gastroenterol 2015;
21(29): 8894-8902 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i29/8894.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8894

INTRODUCTION
The prevalence of chronic liver disease is increasing
[1-3]
worldwide with an extensive range of etiologies .
Cirrhosis, which is the end stage of liver disease,
continues one of the leading causes of death because
of the increased risk for developing variceal bleeding,
[3-7]
hepatic failure, and hepatocellular carcinoma (HCC) .
Managing cirrhosis should be based on the proper
assessment of disease severity and the prediction of
[8-10]
outcomes
.
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606 patients with cirrhosis received Doppler ultrasound
examinations to evaluate portal hemodynamics

384 patients
excluded

258
59
31
15
10
8
3

Malignant diseases
Insufficient data
Radiological or surgical treatment
Antiviral therapy
More than 1-yr interval between
the ultrasound and endoscopic examination
Use of β-blockers for the treatment of hypertension
Intrahepatic arterio-portal shunt

222 patients participated in this study

Figure 1 Patient enrollment. According to the inclusion and exclusion criteria, 222 participants were qualified eligible to participate in this study.
[24]

the West-Haven grading system , and grade Ⅱ or
above was classified as overt HE. The degree of ascites
was defined according to the following established
[25]
guidelines : mild for ascites that were only detectable
by US examination, moderate for ascites that caused
moderate symmetrical distention of the abdomen,
and severe for ascites that caused marked abdominal
distension. Moderate or severe ascites was classified
as overt ascites. Portal vein thrombosis was defined
as an echogenic structure that partially or completely
occupied the lumen of the portal vein.
Decompensated cirrhosis was defined by the
detection of at least one of the following presentations:
variceal bleeding, overt ascites, overt HE, or jaundice
[26,27]
(bilirubin level, > 3.0 mg/dL)
. The observation
period was defined as the time between the initial US
examination and the date of the last hospital visit,
death, or liver transplantation.
Informed written consent for research use of
medical records was obtained from all of the patients.
This study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of Chiba University Graduate School of
Medicine.

choice. However, repeated band ligation was performed
in patients with poor liver function (Child-Pugh C
classification) or advanced liver cancer. Meanwhile,
in patients with active bleeding from gastric varices,
cyanoacrylate injection therapy (Histoacryl, B. Braun,
Melsungen AG, Germany) was performed to achieve
hemostasis.

Characteristics of the study subjects

There were 606 consecutive patients with cirrhosis who
underwent Doppler US examinations to evaluate portal
hemodynamics during the study period. Because 384
patients were considered to be ineligible for this study
according to the exclusion criteria (Figure 1), the study
included a total of 222 patients: age range, 20-89
years; mean age ± SD, 61.7 ± 11.1 years; and 120
males, 102 females. The routine blood tests for chronic
liver disease, including serum albumin, bilirubin,
prothrombin time, and platelet count, were performed
within 5.5 mo (median, 0.1 mo; range, 0-5.5 mo)
before and after the Doppler US examinations.
The follow-up US and physical examinations were
performed at least once per year in all of the patients.
The median observation period was 40.9 mo (range,
0.3-156.5 mo).

Definition and treatment of varices

US examination

Gastroesophageal varices were assessed according to
the general guidelines of the Japan Research Society
[28]
for Portal Hypertension . Variceal bleeding was
defined by both of the following criteria: (1) presence
of bleeding history, such as hematemesis or melena;
and (2) endoscopic evidence of active bleeding or a
fibrin clot on the varices.
The study applied endoscopic band ligation for the
patients with active bleeding from esophageal varices
followed by sclerotherapy. Regarding the primary
prophylaxis in patients with medium/large grade
varices, endoscopic sclerotherapy was the treatment of

WJG|www.wjgnet.com

The US equipment used was an SSA-390A or an SSA770A (Toshiba, Tokyo, Japan) and a 3.75-MHz convex
probe. The examination was performed with the
patients placed in the supine position after fasting for
more than 4 h.
The portal hemodynamics were evaluated using
[13,18]
both pulsed and color Doppler US
. The diameter
(mm), flow direction, mean flow velocity (cm/s), and
mean flow volume (mL/min) were assessed at the
portal trunk, splenic vein (SV), superior mesenteric
vein (SMV), and collateral vessels. The blood flow was
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of less than 0.05 was considered to be statistically
significant. Statistical analyses were performed using
SAS version 9.4 software (SAS Institute, Cary, NC,
United States).

Table 1 Flow direction in the portal venous system n (%)
Forward
portal flow
Total
In portal trunk
In splenic vein
In superior mesenteric
vein

Non-forward portal flow
Bidirectional flow Reversed flow

198 (89.2)
-

5 (2.3)
2 (0.9)
5 (2.3)
2 (0.9)

19 (8.6)
4 (1.8)
17 (7.7)
0 (0)

RESULTS
Flow direction in the portal venous system

The patterns of the portal flow direction were for
ward in 198 patients (89.2%), bidirectional in 5
patients (2.3%), and reversed in 19 patients (8.6%).
Therefore, NFPF was found in 24 patients (10.8%),
portal trunk in 6 patients (2.7%), SV in 22 patients
(9.9%), and SMV in 2 patients (0.9%) (Table 1).
The portal trunk diameter was smaller in the
patients with NFPF than in those with FPF (P =
0.0013). The development of collateral vessels was
closely associated with the portal flow direction (Table
2); the presence of the left gastric vein (LGV) (P =
0.0020) and the paraumbilical vein (P = 0.0482) was
more frequent in the patients with FPF, whereas the
presence of the short gastric vein (SGV) (P < 0.0001),
the splenorenal shunt (SRS) (P = 0.0088), and the
inferior mesenteric vein (P = 0.0169) was more
frequent in those with NFPF.
The best cut-off values of diameter, flow velocity,
and flow volume in the largest collateral vessel sele
cted from each individual were calculated using the
ROC analysis between the patients with FPF and those
with NFPF, 8.7 mm for diameter (P < 0.0001), 10.2
cm/s for flow velocity (P = 0.0126), and 310 mL/min
for flow volume (P < 0.0001) (Table 2).

Table 2 Portal hemodynamics using Doppler sonograms n (%)
Forward
portal flow
Number of subjects
Portal vein thrombosis (-/+)1
Diameter of portal trunk (mm),
mean ± SD (range)
Collateral vessels (-/+)1
Left gastric vein (hepatofugal)
Short gastric vein (hepatofugal)
Splenorenal shunt (hepatofugal)
Paraumbilical vein (hepatofugal)
Inferior mesenteric vein
(hepatofugal)
Characteristics of the largest
collateral vessel
Diameter > 8.7 (mm)2
Flow velocity > 10.2 (cm/s)2
Flow volume > 310 (mL/min)2

Non-forward P value
portal flow

198
181/17
11.9 ± 2.4
(4.9-22.7)
29/169
137 (69.2)
32 (16.2)
16 (8.1)
53 (26.8)
9 (4.5)

24
23/1
10.1 ± 2.0
(7.7-14.0)
0/24
9 (37.5)
12 (50.0)
6 (25.0)
2 (8.3)
4 (16.7)

0.0443
0.0020
< 0.0001
0.0088
0.0482
0.0169

26 (13.1)
87 (43.9)
52 (26.3)

17 (70.8)
17 (70.8)
16 (66.7)

< 0.0001
0.0126
< 0.0001

0.4538
0.0013

1

-: absence, +: presence; 2Cut-off value was determined using the receiver
operating characteristics analysis.

measured with a sampling width corresponding to
o
the diameter of the vessel and an angle less than 60
between the US beam and the vessel. The average
values from 2 to 4 measurements were used for the
data analysis. The portal flow direction was defined
as follows: forward portal flow (FPF) for continuous
hepatopetal flow; bidirectional flow for to-and-fro flow;
and reversed flow for continuous hepatofugal flow. The
bidirectional flow and reversed flow were classified as
NFPF in this study.
The US examinations were performed by Maruyama
H or Takahashi M, who have more than 8 years of
experience.

The presence of gastric varices was significantly more
frequent in patients with NFPF than in those with FPF (P
= 0.0093). The albumin level was lower in the patients
with NFPF than in those with FPF (P = 0.0039). The
Child-Pugh classification (P = 0.0015) and the model
for end-stage liver disease (MELD) score (P = 0.0335)
were worse in the patients with NFPF than in those
with FPF (Table 3). The prevalence of decompensated
cirrhosis did not differ between the patients with FPF
and those with NFPF (P = 0.1074) (Table 3).

Statistical analysis

Development of decompensation

Relationship between portal flow direction and clinical
presentations at baseline

All of the data are expressed as the mean ± SD,
median, or percentages. The comparisons were made
between the patients with FPF and those with NFPF.
The continuous variables were analyzed using Student’
s t-test or Mann-Whitney U-test, as appropriate. The
2
categorical variables were analyzed using the χ test.
The best cut-off value was calculated based on the
receiver operating characteristics (ROC) analysis.
The cumulative survival rate was calculated using the
Kaplan-Meier method, and multivariate analysis was
performed using Cox regression analysis. A P value
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Among the patients with compensated cirrhosis at
baseline, the development of decompensated cirrhosis
during the study period was found in 40.2% (37/92)
(16 overt ascites, 9 variceal bleeding, 8 jaundice, and
4 HE) of the patients with FPF, and 42.9% (3/7) (2
HE, and 1 jaundice) of the patients with NFPF, and the
results did not differ significantly between the groups
(P = 0.8909). However, regarding the causes of
decompensation, the development of HE was observed
to be significantly more frequent in the patients with
NFPF (2/7) than in those with FPF (4/92) (P = 0.0096).
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Table 3 Clinical findings in the subjects

Number of subjects
Age (yr), mean ± SD (range)
Sex (male/female)
Etiology (Virus/Alcohol/NASH/PBC/AIH/others)
Ascites (-/+/++)1
Esophageal varices (-/+)2
Gastric varices (-/+)2
History of variceal bleeding (-/+)2
History of variceal treatment (-/+)2
Spleen (cm2), mean ± SD (range)
Hepatic encephalopathy (-/+)3
Child-Pugh (A/B/C)
Decompensated cirrhosis (-/+)2
Model for end-stage liver disease score4, mean ± SD (range)
Blood test
Bilirubin (mg/dL), mean ± SD (range)
Albumin (g/dL), mean ± SD (range)
Prothrombin time (%), mean ± SD (range)
Platelet count (× 104/μL), mean ± SD (range)

Forward portal flow

Non-forward portal flow

P value

198
61.9 ± 10.9 (35-89)
110/88
93/33/9/20/11/32
137/32/29
73/125
155/43
140/58
152/46
28.9 ± 12.9 (10.3-99.6)
190/8
92/84/22
92/106
11.0 ± 3.9 (6-24)

24
60.0 ± 12.6 (20-78)
10/14
8/4/1/4/0/7
14/6/4
10/14
13/11
18/6
18/6
29.0 ± 16.4 (10.5-90.5)
23/1
6/9/9
7/17
13.1 ± 4.8 (6-24)

0.4070
0.1973
0.4003
0.4949
0.6464
0.0093
0.6610
0.8469
0.9900
0.9764
0.0015
0.1074
0.0335

1.8 ± 2.0 (0.3-16.9)
3.4 ± 0.6 (1.5-4.7)
69.0 ± 17.9 (29-133)
9.5 ± 5.9 (1.7-43.9)

3.2 ± 3.3 (0.6-13.4)
3.1 ± 0.5 (1.8-3.9)
62.5 ± 21.4 (19-106)
10.8 ± 6.0 (2.5-23.3)

0.0578
0.0039
0.1026
0.2976

Ascites -: none; +: mild; ++: moderate to severe: 2-: absence; +: presence; 3Hepatic encephalopathy -: grades 0-I; +: grades Ⅱ-Ⅳ (West-Haven grading
system); 4Forty-seven patients were excluded because prothrombin time-international normalized ratio was not measured in our hospital until 2004. AIH:
Autoimmune hepatitis; NASH: Nonalcoholic steatohepatitis; PBC: Primary biliary cirrhosis.
1

Table 4 Cox regression analyses of the predictive factors for the development of non-forward portal flow

1

Diameter of portal trunk (< 11.2 mm)
Collateral vessels (flow velocity > 9.5 cm/s)1
Short gastric vein (hepatofugal)
Splenorenal shunt (hepatofugal)

Univariate hazard ratio (95%CI)

P value

Multivariate hazard ratio (95%CI)

P value

2.677 (1.269-5.648)
2.818 (1.238-6.416)
3.039 (1.374-6.720)
3.485 (1.323-9.180)

0.0097
0.0136
0.0061
0.0115

3.070 (1.276-7.389)
3.987 (1.736-9.158)
3.428 (1.143-10.278)

0.0123
0.0011
0.0279

1

Cut-off value was determined using the receiver operating characteristics analysis.

Development of NFPF

with FPF (90.9% at 1 year, 82.0% at 3 years, and
69.0% at 5 years; P = 0.0009) (Figure 2).
When stratified using Child-Pugh classification,
there was no significant difference in the cumulative
survival rate between the patients with FPF (98.9% at
1 year, 98.9% at 3 years, and 85.3% at 5 years) and
those with NFPF (100% at 1 year, 75.0% at 3 years,
and 75.0% at 5 years; P = 0.2314) using Child-Pugh
A classification. However, the cumulative survival rate
was significantly lower in the patients with NFPF (72.2%
at 1 year, 38.5% at 3 years, and 38.5% at 5 years)
than in those with FPF (84.0% at 1 year, 67.8% at 3
years, and 54.3% at 5 years; P = 0.0123) using ChildPugh B and C classifications (Figure 3).
Twelve patients received liver transplantations, and
56 died during the study period: 39 died from hepatic
failure, 8 died from HCC, 3 died from unknown cause,
2 died from variceal bleeding, 1 died from sepsis, 1
died from peritonitis of unknown origin, 1 died from
a ruptured thoracic aortic aneurysm, and 1 died from
heart failure.

Thirty-one patients developed NFPF from FPF during
the study period, and the cumulative occurrence rates
of NFPF were 6.5% at 1 year, 14.5% at 3 years, and
23.1% at 5 years. A univariate analysis showed that
the diameters of the portal trunk < 11.2 mm (P =
0.0097) and the collateral vessels with flow velocity
> 9.5 cm/s (P = 0.0136) were the best cut-off values
using the ROC analysis and that the presence of SGV (P
= 0.0061) and the presence of SRS (P = 0.0115) were
significantly associated with the development of NFPF
(Table 4). In the multivariate analysis, the collateral
vessels with flow velocity > 9.5 cm/s (P = 0.0123),
the presence of SGV (P = 0.0011), and the presence
of SRS (P = 0.0279) were significant predictive factors
for the development of NFPF (Table 4).
Among the patients with NFPF at baseline, the
bidirectional flow changed to reversed flow in 1
patient, and the reversed flow changed to bidirectional
flow in 3 patients during the study period.

Flow direction and survival

The cumulative overall survival rate was significantly
worse in the patients with NFPF (79.2% at 1 year,
48.0% at 3 years, and 48.0% at 5 years) than those
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DISCUSSION
The alternation in the blood flow direction is a unique
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Figure 2 Cumulative survival rates between the patients with forward portal flow and those with non-forward portal flow. The cumulative survival rate was
significantly worse in the patients with non-forward portal flow (79.2% at 1 yr, 48.0% at 3 yr, and 48.0% at 5 yr) than in those with forward portal flow (90.9% at 1 yr,
82.0% at 3 yrs, and 69.0% at 5 yr, P = 0.0009). Solid line: group with forward portal flow; dashed line: group with non-forward portal flow. FPF: Forward portal flow;
NFPF: Non-forward portal flow.

phenomenon, that is observed in the portal venous
system because of anatomical features and disease
[19-21]
progression
. The present study focused initially
on determining the frequency of this hemodynamic
abnormality. NFPF was observed in 8.6% of the
patients with reversed flow and 2.3% of the patients
with bidirectional flow in the portal venous system in
cirrhosis. This result may be comparable to the data in
the literature, indicating that the overall incidence of
reversed flow in the portal venous system in cirrhosis
was 8.3% (3.1% in the portal vein, 3.1% in the SV,
[20]
and 2.1% in the SMV) . Other studies have reported
[29]
frequency rates of 2.3% (3/132) in the portal trunk
[21]
and 9% in the intrahepatic portal vein . However,
presumably, the prevalence in chronic hepatitis is 1%
[21]
in the SV, which is lower than the rate in cirrhosis .
Our study reported the cumulative incidence of
NFPF, 6.5% at 1 year, 14.5% at 3 years, and 23.1% at
5 years, which have not been reported elsewhere. The
presence of collateral vessels characterized by higher
velocity (> 9.5 cm/s) or location at the splenic hilum
was identified as significant hemodynamic factors
associated with the future development of NFPF. In
fact, there was no patient with NFPF who did not
develop shunt vessels in our study. These data may
suggest the influence of potentially advanced portal
hypertension on the alternation of portal flow direction,
and clearly encourage us to give these patients proper
management.
Previous studies have shown a close relationship
between flow direction in the portal venous system and
liver function; hepatofugal flow was found to be more
frequent in patients with Child-Pugh C (15.4%) and B
(12.5%) classification than in those with Child-Pugh
A (2.7%, P < 0.02) classification and was associated
with a higher prevalence of HE (21% vs 7.2%; P
[20]
< 0.05) . Another study reported that reversed
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flow in the intrahepatic portal vein was significantly
common in patients with Child-Pugh C (8/31, 25.8%)
classification than in those with Child-Pugh A (0%)/B
[21]
(5/104, 4.8%) classification . One likely mechanism
that could explain these results is the impaired
nutritional metabolism with a poor hepatic clearance
[30]
of toxic substance under the condition of NFPF . Our
study found that NFPF was closely associated with
poor liver function, represented by serum albumin
level, Child-Pugh classification, and MELD score.
However, the portal flow direction was not a significant
factor for the presence of liver decompensation
at baseline in our study, which may be due to the
definition of decompensation employed, i.e., one of the
major presentations is bleeding from the esophageal
varices that is related to the development of LGV. In
the present study, however, the prevalence of LGV
was higher in the patients with FPF and there was no
difference in the bleeding history between the patients
with FPF and those with NFPF. Collectively, our data
indicate that there is little, if any, relationship between
NFPF and clinical decompensation.
A major clinical interest regarding NFPF in cirrhosis
is its influence on the patient’s prognosis. A previous
study reported no significant difference in the survival
[20]
rates between the patients with and without NFPF .
However, because the mean observation period in the
study was only 13 mo (range, 12-18 mo), it may be
difficult to draw a definite conclusion regarding the
influence of NFPF on the long-term clinical course of
patients with cirrhosis. The present study compared
the long-term outcomes with a median observation
time of 41 mo between the patients with FPF and those
with NFPF. Although flow direction was not a significant
survival factor in Child-Pugh A subjects, prognosis was
significantly poorer in Child-Pugh B and C subjects
with NFPF than in those with FPF. Thus, the influence
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Figure 3 Cumulative survival rates between the patients with forward portal flow and those with non-forward portal flow. A: There was no difference in the
cumulative survival rates between the patients with forward portal flow (98.9% at 1 yr, 98.9% at 3 yr, and 85.3% at 5 yr) and those with non-forward portal flow (100%
at 1 yr, 75.0% at 3 yr, and 75.0% at 5 yr, P = 0.2314) using Child-Pugh A classification; B: The cumulative survival rate was significantly lower in the patients with nonforward portal flow (72.2% at 1 yr, 38.5% at 3 yr, and 38.5% at 5 yr) than in those with forward portal flow (84.0% at 1 yr, 67.8% at 3 yr, and 54.3% at 5 yr, P = 0.0123)
using Child-Pugh B and C classifications. Solid line: group with forward portal flow; dashed line: group with non-forward portal flow. FPF: Forward portal flow; NFPF:
Non-forward portal flow.

of portal flow on the patient’s prognosis depends on
the patient’s liver function, which is an important point
to consider in clinical practice.
Our study had several limitations. First, the data
were obtained from the analysis under a retrospective
setting. Therefore, the data must be validated in a
prospective study. Second, our study lacks portal
pressure data. The hemodynamics in patients with
reversed flow direction should be assessed from the
perspective of portal pressure in the future.
In conclusion, this longitudinal study has demon
strated the underlying hemodynamic mechanism,
natural course and clinical influence of bidirectional
or reversed portal flow in patients with cirrhosis. The
presence of collateral vessels with high velocity and
those at the splenic hilum are predictive features of
the alternation of portal flow direction. Moreover, NFPF
has a significant negative effect on the prognosis of

WJG|www.wjgnet.com

patients with impaired liver function reserve. These
observations highlight the usefulness of hemodynamic
assessment using Doppler US, and suggest a likely
direction for improving the clinical management of
patients with cirrhosis.
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METHODS: There were 90 pediatric patients (63 boys,
27 girls; mean age: 3.6 ± 2.7 mo; range: 1.0-90.2 mo)
who underwent laparoscopic endorectal pull-through
Soave procedures for short- and long-segment HD
in our hospital. Three laparoscopic approaches were
used: conventional laparoscopic pull-through (CLP) in
30 patients between 2009 and 2013, single-incision
laparoscopic pull-through (SILP) in 28 patients between
2010 and 2013, and hybrid single-incision laparoscopic
pull-through (H-SILP) in 32 patients between 2011
and 2013. We applied the hybrid version of the single-
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incision approach in 2011 to preserve the cosmetic
advantage of SILP and the ergonomic advantage of CLP.
We retrospectively analyzed the clinical data, cosmetic
results, and ergonomics of these three approaches to
have a better understanding of the selection of one
approach over another.

INTRODUCTION

Key words: Age; Cosmetic; Ergonomic; hirschsprung’s
disease; Laparoscopic pull-through

Hirschsprung’s disease (HD) is a well-known disease
among pediatric surgeons; it is defined as a congenital
abnormality of the enteric nervous system with the
absence of ganglion cells in the distal parts of the colon
[1]
resulting in a functional obstruction .
The laparoscopic technique has improved the
surgical treatment of HD and has inspired surgeons
to undertake more complex laparoscopic procedures
to (1) promote early resumption of gastrointestinal
function; (2) decrease complications; and (3) achieve
[2]
better cosmetic results. Georgeson et al described the
conventional laparoscopic pull-through (CLP) procedure
in 1995, and the single-incision laparoscopic pullthrough (SILP) procedure was reported by Muensterer
[3]
et al in 2010. Since 1999, we have adopted the CLP
procedure to treat various types of HD patients. In
2010, we started to perform SILP for cosmetic reasons,
however, this procedure was challenging. In 2011,
after accumulating a large amount of experience in
[4-6]
[7]
CLP
and SILP , we applied the hybrid single-incision
[8]
laparoscopic pull-through (H-SILP) , a combination of
both procedures that preserves the cosmetic advantage
of SILP and the ergonomic advantage of CLP.
This report describes the main three laparoscopic
approaches that we have been using to treat HD
with the same endorectal pull-through modified
Boley-Soave procedure. The clinical outcomes and
ergonomics analysis of the results are reported in order
to better understand the choice of one approach over
the other with regard to the patient’s age, transitional
zone, and desired cosmetic result.

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

MATERIALS AND METHODS

RESULTS: The CLP, SILP, and H-SILP groups were
similar in regard to age, sex, transition zone, blood
loss, hospital stay, and intraoperative complications.
Early and late postoperative results were not different,
with equal daily defecation frequency and postoperative
complications. No conversion to open technique
was needed and none of the patients had recurrent
constipation. With proper training, the ergonomics
challenges were overcome and similar operative times
were registered for the general operative time in the
patients < 1 year of age and the short-segment HD
patients. However, significantly shorter operative times
were registered compared to SILP for patients > 1
year of age (CLP and H-SILP: 120 ± 15 min and 119
± 12 min, respectively, vs 140 ± 7 min; P < 0.05)
and for long-segment HD patients (152 ± 3.5 min and
154 ± 3.6 min, respectively, vs 176 ± 2.3 min; P <
0.05). The best cosmetic result was registered with the
SILP (scarless), followed by the H-SILP (near scarless
appearance) and the CLP (visible scars) procedures.
CONCLUSION: Based on the results, we believed that
the laparoscopic approach should be selected according
to the age, transition zone, and desired cosmetic result.

Patients

Core tip: This manuscript describes a comparison of the
(1) hybrid single-incision laparoscopic endorectal pullthrough, (2) conventional laparoscopic endorectal pullthrough, and (3) single-incision laparoscopic endorectal
pull-through in selected Hirschsprung’s disease patients.
The cosmetic advantage was not the only concern,
but also the age and transition zone-relating aspects
of these three approaches. The clinical outcomes and
ergonomics analysis are reported in order to better
understand the choice of one approach over the other
with regard to the patient’s age, transitional zone, and
desired cosmetic result.

The clinical data of 90 cases (63 boys, 27 girls;
mean age: 3.6 ± 2.7 mo, range: 1.0-90.2 mo) who
underwent laparoscopic pull-through modified Soave
procedures for short- and long-segment HD between
2009 and 2013 were retrospectively compared. Three
laparoscopic approaches were used, including CLP
in 30 patients between 2009 and 2013, SILP in 28
patients between 2010 and 2013, and H-SILP in 32
patients between 2011 and 2013.
The diagnosis was established in all the patients
by rectal biopsy and anorectal manometry before the
[9,10]
[11]
surgery
. Contrast barium enema
was performed
to estimate the extent of the disease. The intraoperative
frozen section biopsies and postoperative pathology
reports confirmed the absence of ganglion cells and
the transitional zone. Hematoxylin and eosin staining
and calretinin and microtubule-associated protein-2
immunostaining were used to determine the presence
[12]
or absence of the ganglion cells .
All these 90 patients underwent the same coloanal

Aubdoollah TH, Li K, Zhang X, Li S, Yang L, Lei HY, Dolo
PR, Xiang XC, Cao GQ, Wang GB, Tang ST. Clinical outcomes
and ergonomics analysis of three laparoscopic techniques
for Hirschsprung’s disease. World J Gastroenterol 2015;
21(29): 8903-8911 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i29/8903.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8903
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Figure 1 Positioning of trocars and instruments. A: Conventional laparoscopic pull-through; B: Single-incision laparoscopic pull-through; and C: Hybrid singleincision laparoscopic pull-through procedure.

anastomosis. The transitional zone was located in the
rectosigmoid (80 cases) and distal descending colon
(10 cases). Patients who (1) required total or subtotal
colectomy; (2) were treated by other procedures than
the modified Boley-Soave procedure; and (3) were
lost to follow-up or were previously operated in other
hospitals were not included in this study. We also
excluded three patients from the SILP group with longsegment HD (aged 22, 34, and 49 mo), because an
additional working port was added to the right lower
abdomen in order to retract the huge elongated colon
for better exposure and to facilitate the dissection.
Otherwise, it would have been very difficult to expose
the vascular arcades of the descending colon and
mobilize the splenic flexure. The operative time for
the patients < 1 year (n = 63; infant) and > 1 year (n
= 27; toddler, preschooler, and school-age) and the
transitional zone of the three groups were compared
to analyze the ergonomic impact or difficulties of
the different laparoscopic approaches related to the
age and transitional zone. None of the patients had
a previous colostomy. Preoperatively, daily colon
irrigations (mechanical bowel preparation) were
performed for 2-7 d. Usually, intravenous antibiotics
were started 1-2 d prior to operation and stopped 3 d
after operation. Patients were reviewed on a monthly
basis for 6 mo postoperatively, and then every 3-6 mo
with mean follow-up 36 ± 10 mo (range: 17-53 mo).

general anesthesia. Cleaning and draping was
performed for intraoperative change of position from
the laparoscopic to transanal phase. Usually, the
surgeon would position himself at the head or on the
right of the table, facing the monitor, and the table was
adjusted with the patient lying in a 30° head-down
position.
In all the three groups of patients, the surgery was
performed in two phases: (1) the laparoscopic phase;
and (2) the transanal phase.
laparoscopic phase: the CLP, SILP, and H-SILP
procedures differ from each other with regard to the
positioning of the trocars and instruments (Figure
1), but the objective remains the same. Usually, one
assistant surgeon was needed for handling the 30°
straight laparoscopic camera. No additional trocar was
used.
In CLP, the first 5.0 mm trocar was introduced in the
umbilicus via an umbilical skin incision as a laparoscope
port. Under vision, after pneumoperitoneum was
stabilized, two additional 5.0 mm trocars were introduced
in the abdomen at the respective position: one on the
left side and one on the right side (Figure 1A).
In SILP, the first 5.0 mm trocar was introduced in
the umbilicus centrally via a single vertical umbilical skin
incision as a laparoscope port, and pneumoperitoneum
was stabilized. Lateral to the laparoscopic port, two
additional trocars were introduced into the abdominal
cavity as operator ports after the skin was stretched
horizontally (one 5.0 mm trocar introduced on the

Surgical procedure

All the procedures were performed under endotracheal
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Figure 2 Resection of the necessary amount of the mobilized colon and coloanal anastomosis with the short cuff. A: Rectal submucosa dissection with a
long cuff; B: Cuff shortening; C: Partial resection of the muscular cuff with a “V” shape of the posterior wall; D: Coloanal anastomosis after the endorectal pull-through
and resection of the necessary amount of colon.
[4-13]

right for an ultrasonic scalpel and one 3.0 mm trocar
introduced on the left for a grasping forceps) (Figure 1B).
In H-SILP, two 5.0 mm trocars were introduced
in the abdominal cavity via a vertical incision at the
umbilicus. After pneumoperitoneum was stabilized,
the left port was used as the laparoscope port and
the right port was used as the working port for the
ultrasonic scalpel or grasping forceps. A trocarless 3.0
mm grasping forceps was punctured in the abdomen
via a stab incision, 10 cm to the left side of the
umbilicus (Figure 1C).
After the insertion of the laparoscopic instruments,
an overall view was obtained and the transition zone
was located. One or two seromuscular biopsies were
obtained for frozen section histology to identify the
ganglionic bowel and to decide the dissecting level
of the mesentery. Using the ultrasonic scalpel, a
window was made in the sigmoid mesentery and the
rectosigmoid colon was mobilized 5 cm above the
transitional zone by dissecting the mesentery and
relative vessels; however, the marginal arcade was
preserved. The colonic pedicle was freed with sufficient
length that it could be pulled through without tension
or overstretching. The dissection was stopped at the
rectal peritoneal reflection. After the laparoscopic
dissection, the ports were left in situ, and we changed
our position for the transanal phase. For long-segment
HD patients, mobilization of the colon was performed
to a higher level.

cedure
. This modified procedure consisted of: (1)
lesser dissection in the pelvic cavity by the harmonic
scalpel; (2) development of a long muscular rectal
cuff for > 5 cm up to the peritoneal reflection by
dissecting the submucosa layer of the rectum using
electrocautery, which was then shortened to 2-3 cm;
(3) partial resection of the rectal muscular cuff in a “V”
shape at the posterior wall; and (4) resection of the
necessary amount of the mobilized colon and coloanal
anastomosis with the short cuff (Figure 2).
Once the anastomosis was completed, a rectal tube
was inserted and laparoscopy was performed again
to check for orientation of the pull-through bowel.
Chitogel (15 ml of medical chitosan and physiologicbalanced solution) was injected at the dissection site
[14]
via one of the ports to prevent peritoneal adhesion .
No abdominal drain was inserted. The port site at the
umbilicus was stitched by 2-0 vicryl. The skin of the
umbilicus and the other incisions were closed with skin
glue. The postoperative appearance of the umbilicus
and abdominal wound in the three groups were
compared (Figure 3).
Postoperatively, patients were kept on intravenous
[15]
total parenteral nutrition
and nasogastric decom
pression for 12-24 h. Intravenous antibiotics were
given for 72 h and the urinary catheter was removed
after 72 h. Patients were fed orally when bowel sounds
returned. The parents were instructed on how to care
for the wound and with regard to the toileting of the
patients. The patients were discharged when they
were clinically stable. Each patient was reviewed 2 wk
after the operation, when a digital rectal examination

transanal phase: All patients underwent the same
modified Boley-Soave’s endorectal pull-through pro

WJG|www.wjgnet.com

8906

August 7, 2015|Volume 21|Issue 29|

Aubdoollah TH et al . Hirschsprung’s disease: Age, transition-zone and cosmetics

A

B

C

Figure 3 Postoperative appearance of umbilicus and abdominal wound. A: Conventional laparoscopic pull-through; B: Single-incision laparoscopic pull-through;
and C: Hybrid single-incision laparoscopic pull-through procedure.

Table 1 General characteristics, operative data, and complications n (%)
CLP (n = 30)

SILP (n = 28)

H-SILP (n = 32)

P value

3.8 ± 2.6 (1.0-90.2)
21 (70.0)
115 ± 22 (75-156)
0
5.0 ± 1.0
7.0 ± 1.5
0
22.0 ± 5.0
11 (36.7)
10 (33.3)
1 (3.3)
0

3.4 ± 2.1 (1.0-78.8)
18 (64.3)
118 ± 22 (90-178)
0
6.0 ± 1.5
7.0 ± 1.0
0
21.5 ± 4.5
8 (33.3)
7 (25.0)
0
1 (3.6)

3.6 ± 2.1 (1.0-78.6)
24 (75.0)
115 ± 24 (75-158)
0
4.5 ± 1.0
7.0 ± 1.0
0
21.5 ± 4.0
8 (31.3)
9 (28.1)
0
1 (3.1)

> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

5±4
4±2
2±1
0

6±4
4±3
2±1
0

5±4
4±2
2±1
0

> 0.05
> 0.05
> 0.05
> 0.05

Characteristic
Median age (mo) (range)
Sex, male
General operative time (min)
Conversion to open surgery
Estimated blood loss (mL)
Hospital stays (d)
Intraoperative complications
Time of passage of flatus (h)
Early postoperative complications
Perianal excoriation
Anastomotic leak
Enterocolitis
Defecation frequency, times per day
1 wk postoperatively
1 mo postoperatively
3 mo postoperatively
Recurrent constipation

CLP: Conventional laparoscopic pull-through; SILP: Single-incision laparoscopic pull-through; H-SILP: Hybrid single-incision laparoscopic pull-through.

[16,17]

were reviewed by Prof. Ping Yin, PhD (Department of
Epidemiology and Biostatistics School of Public Health
Tongji Medical College, Huazhong University of Science
and Technology, Wuhan 430030, China.

was performed and anal dilatation
was taught
to the parents, so that they could perform it at home
with Hegar dilators once daily for 3-6 mo, until the
dilatation process became easy and painless with the
recommended dilator size.

RESULTS

Statistical analysis

General characteristics, operative data, and
complications

The SPSS 13.0 software package (SPSS Inc., Chicago,
IL, United States) was used for data analysis. The
transition zone, age at surgery, operative time,
estimated blood loss, intraoperative complications,
conversion to open surgery, time of flatus passage,
postoperative hospital stay, and defecation frequency
were compared using analyses of variance. The sex
and postoperative complications were compared using
2
the χ test. The Student’s t test was used to compare
the mean scar score between the CLP and the H-SILP
groups. All the results are described as mean ±
SD or as percentage. A P < 0.05 was considered
as significant. The statistical methods of this study

WJG|www.wjgnet.com

The CLP, SILP, and H-SILP groups were similar in regard
to age, sex, transition zone, blood loss, general operative
time, hospital stay, and intraoperative complications
(Table 1). Early and late postoperative results were not
different, including equal daily defecation frequency and
postoperative complications. There was no conversion
to open technique. Postoperative enterocolitis occurred
in two patients, one from the SILP (1/28; 3.6%) and
the other from then H-SILP (1/32; 3.3%) group; both
were treated by intravenous fluid, antibiotic, parenteral
nutrition, and enemas during re-hospitalization.
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Table 2 Operative time among the three procedure groups
relative to the age and transitional zone
Group

CLP
(n = 30)

SILP
(n = 28)

H-SILP
(n = 32)

21
113 ± 23
9
120 ± 15a
27
111 ± 20
3
152 ± 4a

20
109 ± 8
8
140 ± 7
26
114 ± 17
2
176 ± 2

22
113 ± 12
10
119 ± 12a
27
109 ± 20
5
154 ± 4a

Patients < 1 yr of age, n
Operative time (min)
Patients > 1 yr of age, n
Operative time
Rectosigmoid colon, n
Operative time (min)
Descending colon, n
Operative time (min)

Table 4 Manchester scar scale: 5 (best) to 18 (worse)
Category

Visual analog scale descriptor

Poor

Color

Perfect
Slight mismatch
Obvious mismatch
Gross mismatch
Matte
Shiny
Flush with surrounding skin
Slightly proud/indented
Hypertrophic
Keloid
None
Mild
Moderate
Severe
Normal
Just palpable
Firm
Hard

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

Matte vs shiny
Contour

Distortion
a

P < 0.05 vs SILP. CLP: Conventional laparoscopic pull-through; SILP:
Single-incision laparoscopic pull-through; H-SILP: Hybrid single-incision
laparoscopic pull-through.

Texture

Table 3 Cosmetic assessment
Assessment

CLP
SILP
(n = 30) (n = 28)

Number of visible scars
on the abdomen
Scar appearance on the
abdomen
MSS score of visible scar
on the abdomen
Appearance at the
umbilicus

H-SILP
(n = 32)

P value

2

0

1

-

Visible

Scarless

-

10.00 ± 0.72
(good)
Normal

-

Near
scarless
5.00 ± 0.72
(excellent)
Normal

Normal

assessment was conducted 12 mo postoperatively
(Table 3). The assessment of the abdomen revealed
two visible scars in the CLP patients (Figure 4A), one
barely remarkable/near scarless scar in an H-SILP
(Figure 4C) patient and a scarless abdomen in the
SILP patients (Figure 4B). The scar at the umbilicus
was unremarkable, as it was embedded inside and
the umbilicus appeared normal in all the patients.
[18,19]
The Manchester Scar Scale
was used to assess
the scar score only for the CLP and H-SILP patients,
showing a significant difference between the two
groups (P < 0.05) (Table 4). None of the patients
suffered from wound infection or complications such as
keloids or hypertrophied scars.

< 0.05
-

CLP: Conventional laparoscopic pull-through; SILP: Single-incision
laparoscopic pull-through; H-SILP: Hybrid single-incision laparoscopic
pull-through; MSS: Manchester scar scale.

Anastomotic leak occurred in one case (1/30; 33.3%)
from the CLP group and was treated conservatively with
a rectal decompressing tube, intravenous antibiotics,
and total parenteral nutrition to allow the leak to heal
by itself. Perianal excoriation occurred in 26/90 (28.8%)
patients (n = 7 SILP, n = 10 CLP, and n = 9 H-SILP),
and was treated by keeping the perianal are clean and
dry and with application of stomahesive. All the patients
achieved normal defecation without incontinence or
recurrent constipation with a mean of 3.0 mo to obtain
normal defecation frequency (1-2 times/d).

DISCUSSION
The advancements in minimally invasive techniques
have allowed HD to be treated quickly and safely with
well-known benefits such as minimal surgical trauma,
[20]
short operative time, and less postoperative pain ,
which lead to fast rehabilitation and avoidance of
prolonged hospitalization. Many centers around the
world have adopted the laparoscopic procedures as
the standard procedure to treat HD, but the open
[6]
approach is inevitable in case of laparoscopic failure .
More recently, in view of better cosmetic results
and new laparoscopic procedures, De la Torre[21]
Mondragón et al
described the transanal-endorectal
[22]
pull-through technique, and Vahdad et al
described
the totally transanal LESS pull-through colectomy.
Both procedures are also relatively safe and feasible
for short- and long-segment HD. However, besides
[23,24]
the ergonomic disadvantages
, the possibility of
overstretching the anal sphincter and mesentery of
rectosigmoid colon has been reported, which can
[3]
increase the risk of fecal incontinence . Similar to
[25-28]
the single-incision laparoscopy
, these minimally

Operative time among the three groups relative to the
age and transitional zone

The operative times did not differ among the patients
< 1 year of age, but were significantly shorter for CLP
and H-SILP compared to SILP for patients > 1 year
(P < 0.05) (Table 2). Similarly, the operative times
among short-segment (rectosigmoid) HD patients did
not differ, but were significantly shorter for CLP and
H-SILP compared to SILP in long-segment (descending
colon) HD patients (P < 0.05).

Cosmetic assessment

The wounds were healthy at hospital discharge
and healed by 3 wk postoperatively. The cosmetic
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Figure 4 Appearance of abdominal scars on follow-up. A: Conventional laparoscopic pull-through; B: Single-incision laparoscopic pull-through; and C: Hybrid
single-incision laparoscopic pull-through procedure.

invasive procedures have excellent cosmetic results
and are gaining in popularity.
As for any new technique, there was a learning
curve for each of the procedures. In this study, there
was no learning curve for the CLP, as a large amount
[4-6]
of experience was accumulated by using the CLP
to treat HD patients. However, the training skill for
the SILP procedure was acquired by training on a
[29,30]
simulator
for at least 50 correct attempts before it
was successfully applied in real practice. Initially, we had
a prolonged operative time among the first five cases,
but gradually decreased with the mean operating time
to 118 ± 22 min (range: 90-178 min). After overcoming
the difficulties encountered in the SILP, the learning
curve was rather short for the H-SILP, where training
on a simulator for at least ten correct attempts was
sufficient because maneuverability was the same as the
CLP. We believe that the general operative time did not
differ among these procedures because of the proper
training, which allowed us to overcome the challenges
of the minimally invasive surgery.
With minimally invasive surgery, a man-machine
environment is brought into the operating room,
which creates mental and physical challenges for the
operating team. The science of ergonomics analyzes
these challenges and formulates guidelines for creating
a work environment that is safe and comfortable
for its operators while maintaining effectiveness and
[31]
efficiency of the process . The ergonomics analysis
of the three procedures showed that the operating
room, man power, and technical requirements were
similar with an experienced operating team and the
same coaxial alignments. The only difference in the
three approaches was the positioning (Figure 1) of
the working ports, which affected the ergonomics of
[32]
the standard instruments . In this study, curved
instruments and a TriPort system were not considered
as they are inappropriate for use younger children,
[33,34]
especially newborns and infants
.

WJG|www.wjgnet.com

As the SILP procedure was technically the most
challenging, the following findings were observed
besides the routine challenges of minimally invasive
surgery. Optimum working angles are necessary for
suturing and desired tissue manipulation. These working
angles are directly influenced by the distance between
the working ports. Ideally, good angles for working
and suturing are acquired by placing the working ports
10 cm apart outside the body cavity, which provided a
working distance of 4 cm inside the body cavity. In the
SILP, the distance between the two working ports was
approximately 4-5 cm outside the body cavity and the
laparoscopic port was situated in the middle. In this
context, the working angles were rather restricted and
the manipulation was quite difficult.
Relative to the abdomen, each working port
projects an internal and an external cone-shaped field,
which limits our manipulations to a specific working
field perimeter. In the SILP, the interception of these
cone-shaped fields narrows the working area and
eventually leads to internal and external clashing
of the instruments and difficult manipulation. The
operative field of vision is affected by the triangulation
of the ports with the camera centrally placed. In the
SILP, due to one site location of all the working ports,
the field of the camera was narrowed, resulting in
a restricted field of vision and often clashing of the
camera with instruments manipulations (internally and
externally). These problems were absent in the CLP
and H-SILP, but SILP had the best cosmetic result.
The H-SILP is a “novel” modified version of
the SILP. For ergonomic reasons, we shifted the
left working port from the umbilical site to the left
side the abdomen without trocar. Technically, the
maneuverability of the instruments is much easier;
similar to the CLP procedure, the working ports were
10 cm apart outside the body cavity, thus improving
the triangulation, working angles, and working field.
This provided better intra-abdominal exposure with
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that the authors have been using to treat HD with the same endorectal, pullthrough modified Soave procedure. The authors compared their outcomes and
difficulties in order to better understand the choice of one approach over the
other regarding patient age, transitional zone, and desired cosmetic result.

greater in-line endoscope viewing, greater degrees of
freedom, and minimal clashing of the instruments.
We used a trocarless instrument on the left side of the
abdomen in the H-SILP to improve the cosmetic result
and because there was no indication for interchange
of instruments at that site. Although a 5.0 mm or 3.0
mm trocar is less traumatic to the surrounding skin
tissue, it leaves a small, remarkable and shiny scar on
the abdomen (Figure 4A) compared to a matte and
nondistorted scar of a 3 mm trocarless instrument
(Figure 4C). In this study, the SILP procedure had
the best cosmetic result (scarless), followed by the
H-SILP (near scarless appearance) and the CLP (two
visible scars), and there was no significant change in
the scar score during the entire follow-up period. The
scar at the umbilicus was embedded inside, and the
appearance was similar to a normal umbilicus, which
[35]
favors the SILP . The cosmetic result does play an
important role in the life of a child, especially in terms
[36,37]
of psychologic and psychosocial functioning
.
Ergonomically, the CLP and the H-SILP have the
same maneuverability and were less challenging than
the SILP. However, with respect to the similar general
operative times, we can say that the ergonomic
challenges were overcome. Furthermore, to support
this statement, the operative times for patients <
1 year of age and short-segment HD patients were
not different. So, we can conclude that the SILP is as
effective as the CLP and H-SILP. On the other hand,
the operative times were significantly different for
the patients > 1 year of age and for the patients with
long-segment HD. So, we can conclude that the CLP
and H-SILP are more convenient for patients > 1 year
(toddler, preschool, and school-age patients) and for
long-segment HD patients. The most possible reasons
for the age and transitional zone ergonomic-related
differences are: (1) children > 1 year have a thicker
and larger abdominal wall than children < 1 year;
(2) the mesenteries and organs are more developed
(larger, thicker, and longer); (3) manipulations and
dissections are performed at a deeper depth; and (4)
for the long aganglionic segment, a longer length of
the mesentery are dissected to mobilize the colon to a
higher level.
In conclusion, all the procedures are feasible and
safe with the same functional outcome. The laparo
scopic approach should be selected according to the
age, transition zone, and desired cosmetic result.
The SILP is more suitable for short-segment HD in
neonates and infants. The H-SILP is more convenient
for patients > 1 year of age and long-segment HD
patients. The CLP can be used in difficult cases where
the SILP or the H-SILP might fail.

Research frontiers

The laparoscopic technique has improved the surgical treatment of HD and
has inspired surgeons to undertake more complex laparoscopic procedures to
promote early resumption of gastrointestinal function, decrease complications,
and to achieve better cosmetic results.

Innovations and breakthroughs

Since 1999, the authors have used a conventional laparoscopic procedure
(CLP) to treat HD. In 2010, the authors applied the single-incision laparoscopic
procedure (SILP). However, it was more challenging than CLP. In 2011, the
authors applied the hybrid single-incision (H-SILP) to preserve the cosmetic
advantage of the SILP and the ergonomic advantage of the CLP.

Applications

The authors found that the ergonomic challenges for the SILP procedure were
overcome for a specific group of patients. So, with respect to age, transitional
zone, and desired cosmetic results, the authors prefer to use: (1) SILP for
short-segment HD in neonates and infants; (2) H-SILP for patients > 1 year and
long-segment HD patients; and (3) CLP for difficult cases where the SILP or the
H-SILP might fail.

Terminology

The transitional zone is the boundary between the ganglionic and aganglionic
segment of the colon. Surgically, it is very important to localize the specific
affected segment of the colon for the proper amount of bowel resection and
to reduce the risk of having to repeat the surgery for remnant aganglionic
segments. Laparoscopic/endoscopic surgery is also known as minimally
invasive surgery, where the surgeon uses a machine to operate on patients.
Ergonomics is an applied scientific analysis of the interaction of man and
machine in a specific environment.

Peer-review

This is a well-written paper with a well-performed analysis of three different
approaches for the same disease, especially in different patients and those with
different localization of the disease.
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Abstract
AIM: To elucidate the prevalence and risk factors for
gallstones, primarily focusing on Helicobacter pylori (H.
pylori ) infection.
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METHODS: A total of 10016 Chinese subjects, who had
13
undergone physical examination, fasting C urea breath
test and abdominal ultrasonography, had sufficient
blood test data, and had finished a questionnaire, were
included in this cross-sectional study. Participants (n =
1122) who had previous eradication of H. pylori were
studied separately.

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at xuguoqi@
mail.hz.zj.cn. All participants were informed verbally about
the purpose and design of the study. Written informed consent
was not required due to the observational nature of the study.
The personal information of each participant was anonymized
at collection and anonymized prior to analysis and the risk of
identification is low.

RESULTS: Gallstones were discovered in 9.10% of
men and 8.58% of women, with no significant sex
difference. Multivariate analyses displayed that age,
aspartate aminotransferase, total cholesterol, H. pylori
infection, hepatitis C virus (HCV) infection, and fatty
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which permits others to distribute, remix, adapt, build upon this
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liver had a significant association with gallstones (P <
0.05). Successive multiple logistic regression analysis
including index of odds ratio (OR) and standardized
coefficient (β) indicated that older age (OR/β =
1.056/0.055), H. pylori infection (OR/β = 1.454/0.109),
HCV infection (OR/β = 1.871/0.123), and fatty liver
(OR/β = 1.947/0.189) had a significant positive
association with gallstones. After age stratification,
H. pylori infection and fatty liver still had a significant
positive association with gallstones in any age-specific
groups, whereas HCV infection had a significant
positive association in patients aged > 40 years. The
prevalence of gallstones among H. pylori -positive, H.
pylori -eradicated, and H. pylori -negative subjects was
9.47%, 9.02%, and 8.46%, respectively. The matched
analysis showed that gallstones among H. pylori
eradicated subjects was significantly lower compared
with H. pylori -positive subjects (P < 0.05).

obscure. Gallstone formation may be associated with
a complex interaction of genetic and environmental
factors such as female sex, family history, and
[5-7]
ethnicity
. Lifestyle and some other metabolic
disorders also affect gallstone formation, for example,
high alcohol consumption, hyperlipidemia, fatty
[1,8-13]
liver, and obesity
. It has also been reported
that internal disorders such as hepatitis C virus
(HCV) infection, gallbladder polyps and several liver
enzymes [aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
and γ-glutamyltransferase (GTP)] display a significant
[14-17]
association with gallstones
. In addition, the effect
of the gastroduodenal environment is thought to play
an important role in the presence of gallstones, and
Helicobacter pylori are believed to be a mediating
factor for gastric and extragastric disease. The
gallbladder and bile duct may be two of the targets of
chronic H. pylori infection. Therefore, we conducted
a cross-sectional study to clarify the prevalence
and background factors for gallstone formation
and investigate the correlation between H. pylori
infection and gallstones in an attempt to understand
the pathogenesis of gallstones and to develop better
therapeutic and preventive strategies for this disease.

CONCLUSION: H. pylori infection and fatty liver have
a significant positive association with gallstones. H.
pylori eradication may lead to prevention of gallstones.
Key words: Gallstones; Helicobacter pylori ; Crosssectional study
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Although the pathogenesis of gallstones
remains obscure, chronic infection is already accepted
as a potential risk factor. There are few large surveys
analyzing background factors related to gallstones
in Asia. Our study evaluated background factors
associated with the presence of gallstones in a cohort
of > 10000 subjects, and analysis focusing on the
association between Helicobacter pylori (H. pylori )
infection and gallstones in the Chinese population is
the most important feature of our study. In this large
survey, we found that H. pylori eradication may lead
to prevention of gallstones, which should shed light on
the pathophysiology of gallstones.

Study design and subjects

Subjects were labor union members older than 20
years and retired staff who voluntarily took part in
the health examination that included abdominal
13
13
ultrasonography, fasting C urea breath test ( C-UBT),
and laboratory data at the International Health Care
Center, The First Affiliated Hospital, Zhejiang University
School of Medicine, from January 2010 to January
2014. All participants were informed verbally about the
purpose and design of the study, and the procedures
were approved by the Ethics Committee of Zhejiang
University School of Medicine. Those who took proton
pump inhibitors, antidiabetic drugs and anti-cholesterol
drugs regularly, with a history of cholecystectomy or
gastrectomy, were excluded. Participants who had H.
pylori eradication previously were studied separately.

Zhang FM, Yu CH, Chen HT, Shen Z, Hu FL, Yuan XP, Xu
GQ. Helicobacter pylori infection is associated with gallstones:
Epidemiological survey in China. World J Gastroenterol 2015;
21(29): 8912-8919 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i29/8912.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8912

Physical examination, laboratory assessments and
questionnaire

All subjects were instructed to fast overnight and
peripheral venous blood samples were collected in the
next morning. Laboratory tests, such as serum levels
of AST, ALT, ALP, γ-GTP, total bilirubin (T-Bil), highdensity lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triglyceride, total
cholesterol (TC), total protein (TP), and hemoglobin
concentration, were analyzed. Body mass index
(BMI) was calculated as body weight in kilograms
divided by the square of the body height in meters. A
questionnaire regarding gastrointestinal symptoms,

INTRODUCTION
Gallstones are one of the most prevalent digestive
disorders requiring inpatient treatment, as well as
[1]
a major public health concern worldwide . The
prevalence of gallstones in western countries is >
[2-4]
10% , but in China, they have been rarely reported.
The etiology and pathogenesis of gallstones remains
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medical history, lifestyle, and family history was
given to all the subjects. Finally, there were questions
regarding regular intake of proton pump inhibitors and
antidiabetic and anti-cholesterol drugs, and history of
H. pylori eradication, cholecystectomy or gastrectomy.
We categorized smoking and alcohol intake into
two groups: nonsmoker vs smoker (current or past
smoking habit), and higher alcohol intake (often,
always) vs lower alcohol intake (never, sometimes).
HCV infection was defined as positivity of antibodies
to HCV (anti-HCV) and without alcohol consumption.
The diagnosis of H. pylori infection was based on the
13
result of fasting C-UBT, and for those who had H.
13
pylori eradication history, fasting C-UBT was applied
at > 1 mo after completion of the standard H. pylori
eradication therapy. Reference value ranges of all the
tested indexes were according to the biochemical
criteria of the Department of Clinical Laboratory, The
First Affiliated Hospital, Zhejiang University School of
Medicine.

using McNemar’s test with matching criteria of age (±
3), TC (± 1), AST (± 1), condition of fatty liver or antiHCV.

Diagnosis of gallstones, fatty liver and gallbladder
polyps

Univariate and multivariate analysis evaluating
background factors for gallstones

RESULTS
Subject characteristics

A total of 15523 subjects were enrolled in this study,
and we excluded those who did not meet the inclusion
criteria. All participants with a history of H. pylori
eradication were evaluated separately. Thus, 10016
subjects including 4352 men and 5664 women
with a mean age of 56.38 ± 14.73 years comprised
the primary population (Figure 1). Gallstones were
diagnosed in 882 participants (8.81%): 396 men
(9.10%) and 486 women (8.58%), with a mean age
of 50.50 ± 12.19 years. For the 1122 subjects with a
history of H. pylori eradication, 124 were still positive for
H. pylori infection and the other 998 were negative and
classified as the H. pylori-eradicated group (Figure 1).

Gallstones in the gallbladder and bile duct were dia
gnosed by abdominal ultrasound. They were diagnosed
by the presence of highly reflective echoes from the
anterior surface of the stones or movement upon
postural change, with or without marked posterior
acoustic shadowing. Fatty liver was diagnosed by the
following characteristic findings: diffuse increase in
hepatic echogenicity with evident contrast between
the liver and the kidney; diffuse increase in hepatic
echogenicity with blurring of the intrahepatic vessels
and the diaphragm; or brightness of the hepatic
echogenicity with poor penetration of the posterior
hepatic segments, and invisibility of the intrahepatic
vessels or diaphragm. The diagnostic criterion for
gallbladder polyps was an immobile echo protruding
from the gallbladder wall into the lumen, without an
acoustic shadow.

Association of the 13 continuous and seven catego
rized variables with the prevalence of gallstones was
analyzed univariately (Table 1). H. pylori infection,
anti-HCV, fatty liver, age, BMI, smoking, alcohol intake,
γ-GTP, TP, ALP, AST, T-Bil, TC, triglyceride, and LDL-C
showed significant association with gallstones (P <
0.05), whereas sex, ALT, HDL-C, hemoglobin and
gallbladder polyps did not. Expect for sex, all factors
were excluded from the performance of multivariate
analysis (Table 2), and six demonstrated a significant
association with the presence of gallstones. We
selected these factors for multiple logistic regression
and calculated OR and standardized coefficients (β)
(Table 2). Older age (OR/β = 1.056/0.055), H. pylori
infection (OR/β = 1.454/0.109), anti-HCV (OR/β =
1.871/0.123), and fatty liver (OR/β = 1.947/0.189)
had a significant positive association with gallstones.
After age stratification, only H. pylori infection, fatty
liver and anti-HCV still had a significant positive
association with gallstones in any age-specific groups.

Statistical analysis

Statistical analyses were performed with SPSS version
17.0 (SPSS, Chicago, IL, United States). In univariate
analyses, continuous data for different groups were
presented as mean ± SD, and were compared using
Wilcoxon’s rank-sum test. Categorical variables
2
were compared with the Pearson’s χ test. Logistic
regression analyses were used to evaluate the odds
ratio (OR) and 95% confidence interval (CI) for
gallstones using the related covariates. Standardized
coefficient of each variable was calculated using
multiple logistic regression analysis, which was applied
again after age stratification. Cochran-Armitage test
was done in order to determine the effect of H. pylori
eradication on gallstone prevalence, Finally, a matched
pair analysis was performed between the H. pyloripositive participants and H. pylori-eradicated subjects

WJG|www.wjgnet.com

Effect of H. pylori eradication on gallstone formation

From the multivariate analyses, we found that H.
pylori infection had a significant positive association
with gallstones (Tables 2 and 3); a hypothesis that
H. pylori eradication might reduce the prevalence
of gallstones. Therefore, we compared the abovementioned 998 subjects who had already undergone
successful H. pylori eradication therapy to 3410
participants positive for H. pylori infection and 6606
negative for H. pylori infection (Figure 1). As shown
in Table 4, the prevalence of gallstones was 9.47%
in the H. pylori-positive subjects (without a history of
eradication therapy), 9.02% in the H. pylori-eradicated
subjects, and 8.46% in the H. pylori-negative subjects
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15523 participants were enrolled
1192 were excluded due to insufficient data of
physical examination, laboratory assessments,
or questionnaire
14331 met the inclusion criteria

3193 were excluded due to taking proton pump
inhibitors, antidiabetic drugs or anti-cholesterol
drugs or with a history of gastrectomy or
cholecystectomy
1122 were seperated with a history of H. pylori
eradication

998 were negative for
H. pylori infection

10016 subjects were analyzed
(4352 men and 5664 women)

124 were positive for
H. pylori infection

3410 were positive for H. pylori infection
6606 were negative for H. pylori infection

Figure 1 Recruitment flowchart of the study. Healthy adults (n = 15523) attended, and 10016 were analyzed in this study. Subjects who had H. pylori eradication
previously (n = 1122) were analyzed separately. H. pylori: Helicobacter pylori.

(without a history of eradication therapy). There was
a significant reduction in prevalence of gallstones
among subjects with a history of H. pylori eradication
using the Cochran-Armitage test (P < 0.0001). Using
the five factors that were significantly associated with
the presence of gallstones from multivariate analysis
(Table 2), we compared gallstone prevalence between
H. pylori-positive participants and H. pylori-eradicated
subjects by matched-pair analyses. Based on age (±
3), TC (± 1), AST (± 1), fatty liver and anti-HCV, the
552 H. pylori-positive participants and 552 H. pylorieradicated participants were matched. The prevalence
of gallstones was 6.52% and 5.07%, respectively, with
a significant difference by McNemar’s test (P = 0.027).

with other regions of China. We believe that the results
of health examination may be more representative
of the true prevalence of gallstones in the general
population of China than hospital-based studies, even
autopsy studies, because hospital studies have a
relatively limited patient sample and fail to show the
true prevalence of gallstones in the general population.
Female gender showed no association with the
formation of gallstones, whereas previous studies
reported that it had a significant correlation with
[7,10,21]
cholesterol stones, especially in western countries
.
Metabolic disorders, such as obesity, diabetes mellitus,
or dyslipidemia are common and accepted as risk
[2,3,8,22,23]
factors for cholesterol stones
. Estrogen can
increase the cholesterol saturation in bile, which leads
to a female predominance of gallstones in western
countries. However, in Asian countries such as China,
a relative higher proportion of pigment stones are
[24]
probably observed , so the effect of gender distribution
may be diminished. In addition, as a result of the
national policy of family planning in China since 1982,
women were allowed to give birth to only one child
and underwent tubal ligation after their first delivery.
This led to a reduction in risk factors for gallstone
formation, such as being productive and taking oral
[23,25,26]
contraceptives
. Recently, an epidemiological
survey from Taiwan showed no gender predominance
in gallstone formation but a close association between
[13]
use of oral contraceptives and gallstones . Therefore,
gallstones are mainly attributed to oral contraception
rather than gender alone.
Cholesterol stones are the predominant type of
[1,6]
gallstones
and obese people tends to have cholesterolsupersaturated bile and larger gallbladder volume,

DISCUSSION
The prevalence of gallstone shows regional variation
with higher rates in western countries and lower rates
in Asian countries. It was reported that the prevalence
of gallstone was 7.9% in men and 16.6% in women
in the US, and 29.5% in men and 64.1% in female
[7,18]
American Indians
. In Asian countries, prevalence
of gallstones was reported as 6.6% in Singapore, and
[19,20]
5.4% in Thailand
. Our study found that gallstones
accounted for 9.10% of men and 8.58% of women
among the 10016 Chinese subjects included (Table
1). Most of the subjects enrolled were white-collar
workers or retired staff; they were relatively old, living
in good conditions with little movement, and had a
high-fat, high-calorie diet and many had asymptomatic
gallstones, so they participated in a medical review on
a regular basis. All of these factors led to an increase
in the incidence of gallstones in our study compared
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Many reports have confirmed that BMI is an im
[7,29]
portant risk factor for gallstones
, but an inverse
relationship between BMI and gallstones was shown
in our analysis. BMI may help to establish whether
a person is fat or thin, but it does not make clear a
person’s fat percentage. The formation of gallstones
may be more related to abdominal circumference, so
other indicators, such as waist-to-hip ratio may be
[30]
more meaningful .
It has been shown that HCV RNA can colonize
gallbladder cells, impair gallbladder epithelium lipid
[31-33]
absorption, and alter gallbladder mucosal function
.
Moreover, HCV binds to apolipoprotein A1 and leads
[34]
to liver steatosis and chronic hepatitis . All of these
factors contribute to gallstone formation. Fatty liver
is related to increasing prevalence of gallstones due
[12,13,35]
to insulin resistance and visceral obesity
. We
found that HCV infection and fatty liver had a strong
association with gallstones.
Age plays an important role in the prevalence of
H. pylori infection, and was also a significant factor
influencing the presence of gallstones in our study. In
order to avoid selection bias of age, we evaluated the
association between gallstones and H. pylori infection
by age stratification. After age stratification, H. pylori
infection and fatty liver still had a significant positive
association with gallstones in age-specific groups,
whereas HCV infection had a strong association in
those aged > 40 years.
H. pylori can cause many gastroduodenal diseases
such as atrophic gastritis, peptic ulcer, gastric carcinoma
[36,37]
and mucosa-associated lymphoid tissue lymphoma
.
Recently, it has been reported that H. pylori is also
associated with extragastric diseases, such as thyroid
nodules, metabolic syndrome, nonalcoholic fatty
liver disease, insulin resistance and autoimmune dis
[38-41]
eases
. DNA, RNA and antigens specific for H. pylori
were repeatedly detected in bile, biliary tract tissue
[42,43]
and stone specimens
. Hence, a hypothesis that
Helicobacter species are etiological agents in gallstone
formation has been suggested. Our study showed a
positive association between H. pylori infection and
gallstones in humans by analyzing a large cohort of 10
016 adults (Tables 1 and 2). After age stratification, H.
pylori infection was still a risk factor for the prevalence
of gallstones (Table 3). Analysis of those who had
successful H. pylori eradication also supported that a
state of chronic infection promotes gallstone formation
(Table 4), as was reported in a recent large-scale
[44]
survey with a cohort of > 10000 subjects in Japan .
Accordingly, we think that H. pylori infection is a risk
factor for gallstone formation in humans, although we
lack details of the precise mechanism.
There were some limitations to our study. The first
limitation was that the sample was not sufficiently
representative. Study subjects were those who
participated in health screening in the International
Health Care Center, The First Affiliated Hospital of

Table 1 Characteristics of the 20 variables of the 10016
subjects with or without gallstone
Variables

Age (yr)
BMI (kg/m2)
ALT (U/L)
AST (U/L)
ALP (U/L)
γ-GTP (U/L)
TC (mmol/L)
TG (mmol/L)
TP (g/L)
T-Bil (umol/L)
HDL-Chol (mmol/L)
LDL-Chol (mmol/L)
Hb (g/L)
H. pylori, n (%)
Positive
Negative
Alcohol intake
Yes
No
Smoking
Yes
No
Gender
Men
Women
Anti-HCV
Positive
Negtive
Fatty liver
Presence
Absence
GB polyp
Presence
Absence
Total

Presence of
gallstone
(n = 882)

Absence of
gallstone
(n = 9134)

P value

56.38 ± 14.72
24.82 ± 3.01
25.58 ± 19.67
24.14 ± 14.30
67.61 ± 20.02
36.52 ± 42.77
4.93 ± 1.07
1.80 ± 3.93
73.37 ± 4.39
13.63 ± 6.67
1.18 ± 0.37
2.85 ± 6.65
144.81 ± 18.11

46.98 ± 11.56
23.77 ± 3.20
25.87 ± 31.52
24.48 ± 24.43
63.24 ± 17.75
25.26 ± 36.02
4.70 ± 1.03
1.52 ± 1.25
71.77 ± 5.17
12.44 ± 5.79
1.31 ± 2.41
2.60 ± 2.04
148.77 ± 18.30

< 0.001a
< 0.001a
0.386
0.001
< 0.001a
< 0.001a
< 0.001a
< 0.001a
< 0.001a
< 0.001a
0.091
0.012
0.721
< 0.001a

323 (9.47)
559 (8.46)

3087 (90.53)
6047 (91.54)

545 (10.88)
337 (55.89)

4463 (89.12)
4671 (44.11)

475 (13.59)
407 (6.24)

3021 (86.41)
6113 (93.76)

396 (9.10)
486 (8.58)

3956 (90.90)
5178 (91.42)

526 (11.98)
356 (6.33)

3865 (88.02)
5269 (93.67)

0.001a

572 (13.05)
310 (5.50)

3811 (86.95)
5323 (94.50)

< 0.001a

402 (10.71)
480 (7.67)
882 (8.51)

3350 (89.29)
5784 (92.33)
9134 (92.49)

0.197

< 0.001a

< 0.001a

0.095

Data were expressed as mean ± SD of each variable. By applying the
Wilcoxon analysis, P values of the 13 continuous variables were calculated.
By applying Pearson’s χ 2 test, P values of the seven categorized variables
were calculated. aP < 0.05, Presence vs Absence. BMI: Body mass index;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase; γ-GTP: Gamma glutamyltransferase; TC: Cholesterin;
TG: Triglyceride; TP: Total protein serum; T-Bil: Total bilirubin; HDL-Chol:
High density lipoprotein cholesterol; LDL-Chol: Low density lipoprotein
cholesterol; Hb: Hemoglobin concentration; H. Pylori: Helicobacter pylori;
Anti-HCV: Antibodies to HCV; GB polyp: Gallbladder polyp.

thus, dyslipidemia in obese people is a likely cause of
gallstones. We discovered that high TC level appears to
be related to gallstones in our multivariate analysis, but
the association was not significant in multiple logistic
regression analysis (Table 2). Moreover, many studies
could not confirm the relationship between dyslipidemia
[13,27]
and the presence of gallstones
. Dyslipidemia may
contribute to the formation of gallstones, especially
cholesterol stones, but the relationship between
[28]
dyslipidemia and gallstones remains inconclusive .
It is reported that the mechanism and risk factors for
gallstones differ among stone types. Thus, future studies
should focus on the different types of gallstones.
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Table 2 Multivariate analysis and mutiple logistic analysis of the correlated variables for gallstone
Variables

Multivariate analysis

Age
Gender (female)
BMI
ALP
AST
γ-GT
TC
TG
T-Bil
LDL-Chol
TP
Helicobacter pylori positive
Anti-HCV
Smoking
Alcohol intake
Fatty liver

Mutiple logistic analysis

b

P value

OR (95%CI)

b

P value

OR (95%CI)

0.056
-1.048
-0.050
-0.001
0.712
0.002
0.017
-0.113
-0.044
0.001
-0.108
0.588
1.320
-0.741
-0.124
1.339

0.009a
< 0.001a
0.105
0.610
< 0.001a
0.260
0.006a
0.007a
< 0.001a
0.946
< 0.001a
< 0.001a
< 0.001a
< 0.001a
0.037
< 0.001a

1.057 (1.045-1.070)
0.351 (0.265-0.770)
0.951 (0.845-1.077)
0.999 (0.839-1.152)
1.048 (1.045-1.092)
1.002 (1.045-1.070)
1.018 (1.006-1.029)
0.893 (0.595-0.982)
0.957 (0.856-1.081)
1.001 (0.901-1.023)
0.898 (0.601-0.994)
1.800 (1.386-2.337)
3.742 (1.426-5.217)
0.477 (0.295-0.692)
0.883 (0.421-0.911)
3.814 (1.886-6.023)

0.055

< 0.001a

1.056 (1.043-1.070)

0.109
0.123

< 0.001a
< 0.001a

1.454 (1.102-2.521)
1.871 (1.441-3.681)

0.189

< 0.001a

1.947 (1.212-3.987)

By applying logistic regression analysis, P values were calculated. aP < 0.05. β: Partial regression coefficient; SE: Standard error of partial regression
coefficient.

Table 3 Positively correlated variables for gallstone formation stratified by age
Variables

Age (20-39 yr)

Gender (female)
Helicobacter pylori positive
Anti-HCV
Fatty liver
TC
AST

Age (40-64 yr)

Age (≥ 65 yr)

OR

P value

OR

P value

OR

P value

0.658
1.521
0.988
1.582
1.025
0.382

0.054
0.006a
0.004a
0.003a
0.921
0.221

0.905
1.510
1.598
1.922
1.520
1.249

0.062
0.015a
0.019a
< 0.001a
0.102
0.024

0.714
1.324
1.563
1.752
0.914
1.547

0.038a
< 0.001a
0.002a
< 0.001a
0.023a
< 0.001a

P values calculated using muitiple logistic regression analysis. aP < 0.05.

importance to clarify whether H. pylori eradication can
prevent gallstones. The final limitation was the lack of
control for potentially confounding risk factors, such
as fasting plasma glucose, oral contraceptives, and
cirrhosis. We are planning a randomized prospective
study to determine the effect of H. pylori eradication
on gallstone formation. Most importantly, long-term
follow-up of the H. pylori-positive group, H. pylorieradicated group and H. pylori-negative group (Table
4) should verify the present conclusion that H. pylori
infection increases the risk of gallstones and H. pylori
eradication may lead to prevention of gallstones.
Further studies are also necessary to understand
thoroughly the mechanisms mediating this relationship
and help to clarify the key point of disease prevention.

Table 4 Prevalence of gallstone in Helicobacter pylori -positive,
-eradicated, and -negative subjects n (%)

Helicobacter pylori positive
(without eradication)
Helicobacter pylori negative after
eradication
Helicobacter pylori negative
(without eradication)

Presence of
gallstones

Absence of
gallstones

323 (9.47)

3087 (90.53)

90 (9.02)

908 (90.98)

559 (8.46)

6047 (91.54)

Cochran–Armitage test, P < 0.0001, Presence vs Absence.

Zhejiang University School of Medicine. Most of them
were white collar workers or retired staff who were
older in age, in good living conditions, with a high-fat,
high-calorie diet, and lack of exercise. People of lower
economic status were not represented in our study,
which could have led to selection bias and an increase
in the incidence of gallstones. The second limitation
was that a cause-and-effect relationship could not be
elucidated due to the inherent limitation of a crosssectional study. Both H. pylori infection and gallstones
are common disorders worldwide, therefore, it is of
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ultrasonographic examination in this study.
2

COMMENTS
COMMENTS
Background

Gallstones are one of the most prevalent digestive disorders and often require
surgical management. Although the pathogenesis of gallstones remains obscure,
chronic infection is already accepted as a potential risk factor. Helicobacter
pylori (H. pylori) is detected in bile, biliary tract tissue and stone specimens, and
it has been clearly demonstrated that H. pylori promotes gallstone formation in
animal and human research. In recent decades, a few large surveys have been
performed, analyzing background factors related to gallstones from Europe, North
America and Japan. Thus, it is necessary to conduct a large epidemiological
study in China to evaluate background factors associated with the presence of
gallstones, especially focusing on H. pylori infection.
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Research frontiers

To date, four large-scale studies from Europe, North America and Japan
analyzing background factors related to gallstones are well known: MICOL
study investigating 29584 individuals (15910 men and 13674 women) from Italy
found that increasing age and body mass index and a maternal family history
of gallstone disease were the most consistent associations. The third NHANES
survey analyzing 14238 Americans (6688 men and 7550 women) revealed that
> 20 million persons had gallbladder disease in the US. Ethnic differences in
gallbladder disease prevalence differed according to sex and were only partly
explained by known risk factors. Swedish Twin Registry studies investigating
43141 or 58402 twin pairs in Sweden showed positive associations between
BMI and the development of symptomatic gallbladder disease, high alcohol
consumption was associated with a decreased risk against gallbladder disease,
tobacco use had no impact on gallbladder disease. Yu Takahashi designed
the research of 15551 subjects comprised of 8625 men and 6926 women,
displaying that H. pylori infection is positively associated with gallstones. H.
pylori eradication may lead to prevention of gallstones.

6
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8

9

Innovations and breakthroughs

10

A recent study detected various Helicobacter species in bile, biliary tract tissue
and stone specimens, which indicated the role of H. pylori in the formation
of gallstones. There are few large surveys with a cohort of > 10000 subjects
worldwide, and such a large study focusing on the relationship between H.
pylori infection and gallstone formation has not been performed in China.
By analysis of the large cohort of > 10000 adults, this study showed for the
first time a positive association between H. pylori infection and presence of
gallstones, and found that H. pylori eradication may lead to prevention of
gallstones in Chinese people.

11
12

Applications

13

H. pylori infection had a significant positive association with gallstones in
any age-specific groups. H. pylori eradication may reduce the prevalence of
gallstones. Thus, positive treatment of H. pylori infection may represent a new
method of treating or preventing gallstones.

Terminology

14

H. pylori is a Gram-negative microaerophilic microorganism that can cause
many gastroduodenal diseases such as atrophic gastritis, peptic ulcer, gastric
carcinoma and mucosa-associated lymphoid tissue lymphoma, as well as
extragastric diseases such as thyroid nodules, nonalcoholic fatty liver disease,
and autoimmune diseases.
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Peer-review

The title is adequate to reveal the purpose of the study. The study was well
designed and conducted. The conclusions are in accord with the results.
Statistical analysis and conclusions are adequate. Limitations and future
prospect are presented.
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Abstract
AIM: To assess the prevalence of hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection and asso
ciation with drug induced liver injury (DILI) in patients
undergoing anti-tuberculosis (TB) therapy.

Shahid A Khan, Liver Unit, St Mary’s Hospital, Imperial
College London, W2 1NY London, United Kingdom

METHODS: Four hundred and twenty nine patients
with newly diagnosed TB - either active disease or
latent infection - who were due to commence antiTB therapy between September 2008 and May 2011
were included. These patients were prospectively
tested for serological markers of HBV, HCV and human
immunodeficiency virus (HIV) infections - hepatitis B core
antigen (HBcAg), hepatitis B surface antigen (HBsAg),
hepatitis B e antigen, IgG and IgM antibody to HBcAg
(anti-HBc), HCV IgG antibody and HIV antibody using a
combination of enzyme-linked immunosorbent assay,
Western blot assay and polymerase chain reaction
techniques. Patients were reviewed at least monthly
during the TB treatment initiation phase. Liver function
tests were measured prior to commencement of antiTB therapy and 2-4 wk later. Liver function tests were
also performed at any time the patient had significant
nausea, vomiting, rash, or felt non-specifically unwell.
Fisher’s exact test was used to measure significance
in comparisons of proportions between groups. A P
value of less than 0.05 was considered statistically
significant.
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are approximately twenty-fold higher (86/100000)
[2]
than those born in United Kingdom (4/100000) .
Standard four-drug anti-TB therapy for active
disease (isoniazid, rifampicin, pyrazinamide and
ethambutol) is associated with a range of significant
side effects, the most serious of which is drug induced
liver injury (DILI), which carries a mortality rate of
[3,4]
up to 5% . All anti-TB medications are potential
[5]
causes of DILI . The incidence of DILI from anti-TB
treatment has been variably reported - between 2%
and 28% - with a number of factors, including HLA
phenotype and ethnicity, having been found to alter an
[5,6]
individual’s risk for a hepatotoxic drug reaction . The
clinical presentation of DILI ranges from transient mild
elevation of liver enzymes to fulminant liver failure,
and a commonly used definition of DILI is an increase
in serum alanine transaminase (ALT) greater than 3 or
5 times the upper limit of normal (ULN) with or without
[4]
symptoms of acute hepatitis respectively .
The World Health Organization (WHO) estimates
approximately 240 million people worldwide are
[7]
chronically infected with hepatitis B virus (HBV) .
Areas of high prevalence are similar to the global
TB epidemiological “hotspots” and include subSaharan Africa and South Asia, where the prevalence
[8]
is estimated to be between 8 and 20% . The WHO
estimate 3% of the World’s population are infected with
hepatitis C virus (HCV), with 170 million being chronic
[9]
carriers . European countries report a prevalence of
HCV in the general population of between 0.5%-2%
and global areas of high prevalence again include
[9]
Africa, particularly Egypt, and Asia . In 2011 it was
estimated that around 216000 individuals were the
[10]
United Kingdom are chronically infected with HCV ,
and the HPA and WHO estimate the United Kingdom
prevalence of chronic HBV infection to be similar to
this, at 0.3%. Chronic infection with HBV and/or HCV
can cause progressive liver fibrosis and cirrhosis,
liver failure and liver cancer. Effective therapies exist
for both these viruses if they are diagnosed before
advanced liver disease occurs, and early detection and
treatment is important in minimising the health burden
associated with chronic HBV and HCV. However, both
these viruses are relatively asymptomatic and hence
international liver associations recommend screening
[11,12]
for HBV and HCV in high risk groups
.
Several studies report an increased prevalence of
[14-17]
viral hepatitis infection in TB patients
(Table 1).
However, none of these studies have been performed
in a European setting, so their applicability to the
United Kingdom is not known. Although results are not
universal, a number of international studies suggest
that co-existing viral hepatitis may be a significant risk
[13,18-22]
factor for DILI
. No studies on the prevalence of
viral hepatitis in patients undergoing anti-TB therapy
and the risk they add to DILI have been carried out in
the United Kingdom or Europe, which have seen an
increase in TB cases over recent years.

(1.6%) were HCV-antibody positive. 16/270 patients
with active TB disease compared to 2/159 patients
with latent TB infection had markers of chronic viral
hepatitis (HBsAg or HCV antibody positive; P = 0.023).
Similarly the proportion of HBsAg positive patients
were significantly greater in the active vs latent
TB infection group (10/43 vs 1/29, P = 0.04). The
prevalence of chronic HBV or HCV was significantly
higher than the estimated United Kingdom prevalence
of 0.3% for each. We found no association between
DILI and presence of serological markers of HBV or
HCV. Three (5.3%) patients with serological markers of
HBV or HCV infection had DILI compared to 25 (9.5%)
patients without; P = 0.04.
CONCLUSION: Viral hepatitis screening should be
considered in TB patients. DILI risk was not increased
in patients with HBV/HCV.
Key words: Epidemiology; Hepatitis B; Hepatitis C;
Tuberculosis; Drug induced liver injury
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tuberculosis (TB) patients are not routinely
tested for viral hepatitis in the United Kingdom. This is
the first study from a European centre investigating the
prevalence of hepatitis B virus (HBV) and hepatitis C virus
(HCV) in patients with TB. We found that chronic HBV
and HCV prevalence in TB patients were 9 and 5 times
greater than the estimated United Kingdom prevalence
respectively. We also found that a significantly greater
proportion of patients with active TB had chronic
Hepatitis B compared with patients with latent TB
infection. In our study there was no association between
drug induced liver injury risk and presence of serological
markers of HBV/HCV.
Nooredinvand HA, Connell DW, Asgheddi M, Abdullah M, O’
Donoghue M, Campbell L, Wickremasinghe MI, Lalvani A,
Kon OM, Khan SA. Viral hepatitis prevalence in patients with
active and latent tuberculosis. World J Gastroenterol 2015;
21(29): 8920-8926 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i29/8920.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8920

INTRODUCTION
Tuberculosis (TB) is the leading cause of death from a
curable infectious disease; in 2010, 1.45 million people
died from TB and there were 8.8 million incident
[1]
cases . In the United Kingdom, the incidence of TB
[2]
has steadily increased over the past two decades .
7892 cases were reported in 2013, the majority in
urban areas, with London accounting for 38% of those
[2]
cases . Over 80% of cases are non-United Kingdom
born, and rates of TB in the non-United Kingdom born
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Table 1 Prevalence of hepatitis B virus and hepatitis C virus infection in tuberculosis patients in other studies n (%)
Study (country)
Kuniholm et al[14] (Georgia)
Blal et al[15] (Brazil)
Sirinak et al[16] (Thailand)
Aires et al[17] (Brazil)

Study population

Number of patients

All active TB patients
All active TB patients
HIV infected active TB patients
All active TB patients

300
209
849
402

HBsAg
13 (4.3)
6 (2.8)
70 (9)
13 (3.2)

HBsAg or anti-HBc
27 (9)
56 (26.8)
103 (25.6)

Anti-HCV
36 (12)
237 (31)
-

HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C virus; HBc: Hepatitis B core; TB: Tuberculosis.

300 mg/d (H), Pyrazinamide 25 mg/kg per day (Z)
(these three jointly given as Rifater with the number
of tablets dependent on weight; if the weight was
sufficiently low, then the drugs were given separately
[23]
as per guidelines ), and Ethambutol 15 mg/kg
per day (E) for 2 mo; followed by continuation
rifampicin and isoniazid for a further 4 mo [8 mo if
central nervous system (CNS) involvement]. Treating
clinicians had the option to extend the initiation phase
to 3 mo if the patient was persistently smear positive
after one month of therapy and could extend the
total duration of therapy if they felt the initial burden
disease was high, on a case by case basis. Adjuvant
steroid therapy was used in patients with pericardial or
[23]
CNS disease, as per national guidelines
and weekly
pyridoxine 50mg orally was administered to all cases.
Drug resistant cases were treated according to culture
[23]
results as per national guidelines .
For latent infection, patients were treated with 3
mo of Rifampicin 600mg daily (R) and Isoniazid 300
mg daily (H) (jointly given as Rifinah-300, two tablets
daily), in keeping with standard United Kingdom
practice.

United Kingdom patients infected with TB are
offered human immunodeficiency virus (HIV) scree
[23]
ning
due to an increased prevalence of co-infection,
but viral hepatitis screening is not routinely offered and
might be of value if the background prevalence of viral
hepatitis is significant in patients with TB infection.
London is a multicultural city with a significant number
of immigrants from high endemic TB countries,
suggesting that the prevalence of viral hepatitis
infection may be higher than suspected.

MATERIALS AND METHODS
Recruitment

We recruited patients with newly diagnosed TB - either
active disease or latent infection - at St. Mary’s Hospital,
Imperial College Healthcare NHS Trust, London, who
were due to commence standard anti-TB therapy for
either stages of the infection between September
2008 and May 2011. The inclusion criteria were: newly
diagnosed TB (active or latent); 18 years of age or
above; ability to give informed consent; and no known
history of chronic liver disease, viral hepatitis or HIV.
No patients were immunosuppressed. Research ethics
approval was obtained (No. 10/H0709/44).

Data collection

Patients’ demographic, serological and clinical data
were collected following informed consent, from the
London TB register, hospital clinical databases and
clinical notes. Demographic information collected
included age, gender and ethnicity. In addition to
biochemical liver function tests, the following serological
results were also collected: HIV antibody, hepatitis
B core antigen (HBcAg), hepatitis B surface antigen
(HBsAg), hepatitis B e antigen (HBeAg), IgG and IgM
antibody to HBcAg (anti-HBc) and HCV IgG antibody
(anti-HCV).
As per standard clinical protocol, patients were
reviewed at least monthly during the TB treatment
initiation phase. Liver function tests, including alanine
transaminase (ALT) levels, were measured prior to
commencement of anti-TB therapy and again 2-4
wk later. An ALT level of 40 IU/mL was taken as the
upper limit of normal (ULN). DILI was defined as an
ALT of greater than 80IU/ml (2 × ULN), as defined by
the Council for International Organisation of Medical
[24]
Sciences (CIOM) DILI diagnostic scale
with no
other apparent cause for abnormal liver biochemistry.
Severe DILI was defined at an ALT of 5 × ULN. Liver

Clinical phenotyping

TB infection was confirmed using the standard protocols
in our clinic. Active TB infection was defined by
clinical and radiological characteristics of symptomatic
TB infection, with or without confirmatory culture
information. If culture negative, then the patient
was deemed to have had active TB if they made a
satisfactory response to anti-tuberculosis therapy.
Latent TB infection was defined as an asym
ptomatic patient without radiographic evidence of
active TB disease, and with a positive tuberculin skin
test read at 48-72 h by an experienced nurse (defined
as > 5 mm induration if not BCG vaccinated or ≥ 15
mm if BCG vaccinated), subsequently confirmed with a
positive interferon gamma release assay [either T.Spot.
TB (Oxford Immunotec, Oxford, United Kingdom),
or Quantiferon Gold-in-Tube (Cellestis Ltd, Victoria,
Australia)].

Drug treatment

For active disease, standard anti-tuberculous therapy
in our clinic was rifampicin 600 mg/d (R), Isoniazid
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Table 2 Demographic and Serological data of patients n (%)
Characteristic
Female
Male
Age (yr)
18-35
36-53
54-71
72-90
> 90
Ethinicity
Indian Subcontinent
Black African (Sub Saharan)
Black Caribbean
North African
South East Asia
White all other (European/American/Australian)
White South American
White UK
Total

Patients
Total

HBV/HCV Negative

HBsAg

Isolated Anti-HBc (IgG)

HCV (IgG)

209 (48.7)
220 (51.3)

173 (40.3)
177 (41.3)

4 (0.9)
7 (1.6)

31 (7.2)
30 (7.0)

1 (0.2)
6 (1.4)

155 (36.1)
133 (31.0)
88 (20.5)
51 (11.9)
2 (0.5)

132 (30.8)
106 (24.7)
67 (15.6)
43 (10.0)
2 (0.5)

0 (0.0)
7 (1.6)
3 (0.7)
1 (0.2)
0 (0.0)

21 (4.9)
16 (3.7)
17 (4.0)
7 (1.6)
0 (0.0)

2 (0.5)
4 (0.9)
1 (0.2)
0 (0.0)
0 (0.0)

152 (35.4)
104 (24.2)
21 (4.9)
25 (5.8)
34 (7.9)
46 (10.7)
15 (3.5)
32 (7.5)
429

132 (30.8)
73 (17.0)
17 (4.0)
20 (4.7)
26 (6.1)
38 (8.9)
15 (3.5)
29 (6.8)
350 (81.6)

1 (0.2)
6 (1.4)
0 (0.0)
0 (0.0)
3 (0.7)
1 (0.02)
0 (0.0)
0 (0.0)
11 (2.6)

18 (4.2)
23 (5.4)
4 (0.9)
5 (1.2)
5 (1.2)
5 (1.2)
0 (0.0)
1 (0.02)
61 (14.2)

1 (0.2)
2 (0.5)
0 (0.0)
0 (0.0)
0 (0.0)
2 (0.5)
0 (0.0)
2 (0.5)
7 (1.6)

HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HBc: Hepatitis B core.

function tests (LFTs) were performed at any time the
patient had significant nausea, vomiting, rash, or felt
non-specifically unwell.
HIV, HBV and HCV serological tests were performed
at St Mary’s hospital pathology department. Enzymelinked immunosorbent assay (ELISA) was used for
detection of anti-HIV antibodies and confirmed by
Western blot assay. Screening for HBV and HCV
was conducted using second generation ELISA and
confirmatory tests for HBsAg or HCV positive results
included polymerase chain reaction techniques. Data
were analysed using Prism 5 (GraphPad Software
Inc.). Fisher’s exact test was used to measure sig
nificance in comparisons of proportions between
groups. A P value of less than 0.05 was considered
statistically significant.

HCV co-infection (Table 2). All patients positive for
HBsAg and HCV Antibody were previously unknown to
have a history of viral hepatitis.

Active TB disease vs latent TB infection

A similar proportion of patients in both groups had
serological markers for HBV or HCV infection (49/270
active TB disease patients vs 30/159 latent TB infection
patients; P = 0.9, Fisher’s exact test) (Table 3).
However, there was a significant difference between
these groups with respect to chronic viral hepatitis:
16/270 patients with active TB disease compared to
2/159 patients with latent TB infection had markers of
chronic viral hepatitis (HBsAg or HCV antibody positive;
P = 0.023, Fisher’s exact test). Similarly, while there
was no difference between the groups with respect
to anti-HBc antibody positivity (43/270 in active TB
disease group vs 29/159 in latent TB infection group;
P = 0.59, Fisher’s exact test), the proportion of this
group whose HBsAg was positive was significantly
greater in the active TB patient group (10/43 in active
TB patients vs 1/29 in latent TB infection group; P =
0.04, Fisher’s exact test).
A greater proportion of active TB disease patients
were HCV seropositive compared to latent TB infection
patients although this difference was not significant
(6/270 active TB disease patients vs 1/159 latent TB
infection patients; P = 0.27, Fisher’s exact test).

RESULTS
Demographics

A total of 487 patients were recruited. 58 patients
were excluded due to absent results or loss to follow
up. Of the remaining 429 patients, 270 (62.9%)
patients had active TB disease and 159 (37.1%) had
latent TB infection. The mean age was 46.4 years and
51.3% of patients were male. The majority of patients
were from the Indian Subcontinent and Sub Saharan
Africa, together accounting for 59.7% of patients. 7.5%
of patients were White British (Table 2).

Viral hepatitis and HIV co-infection

Prevalence of HCV/HBV markers

Fifteen patients were already known to be HIV positive
and a further 260 patients consented to HIV screening
(245 active TB disease, 30 latent TB infection). Eleven
patients were newly diagnosed with HIV meaning that,
of the 275 patients, 26 (9.5%) were infected with
HIV. Six (23.1%) of the HIV positive patients were co-

Of 429 patients screened, 79 (18.4%) had positive
serological markers for HBV or HCV infection. 61
(14.2%) had isolated anti-HBc antibody only; 11
(2.6%) were also HBsAg positive and 7 (1.6%) were
positive for HCV IgG antibody. No patients had HBV/
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serological evidence of HBV/HCV. Overall, 13 (46.4%)
of the 28 patients with DILI were above the age of 50
and 14 (50%) were male.

Table 3 Prevalence of hepatitis B virus and hepatitis C virus
infection in active TB disease vs latent tuberculosis infection
patients n (%)
HBV/HCV infection
HBsAg/HCV Ab both
negative
HBsAg or HCV Ab positive
HCV (IgG) positive
Anti-HBc (IgG) positive
Of these: HBsAg positive

Patients

P value (Fisher’s

DISCUSSION

exact test)

Active

Latent

221 (81.9)

129 (81.1)

0.9

49 (18.1)
6 (2.2)
43 (12.2)
> 10 (23.2)

30 (18.9)
1 (0.6)
29 (17.6)
> 1 (3.4)

0.27
0.59
> 0.04

This is the first study from a European centre to
investigate the prevalence of HBV and HCV in patients
with TB. We found that 18.4% of newly diagnosed
TB patients at a central London teaching hospital had
markers of HBV or HCV; 2.6% of patients were HBsAg
positive and 1.6% were anti-HCV Ab positive. All these
diagnoses were new, and led to specialist referral
with the aim of preventing long-term complications of
chronic viral hepatitis.
Our study found that chronic HBV prevalence
in TB patients was almost 9 times greater than the
estimated overall United Kingdom prevalence. Similarly,
the prevalence of HCV amongst TB patients in our
study was over 5 times greater than the estimated
United Kingdom prevalence of HCV. The majority of
infected patients were of Indian Subcontinent or Black
African origin, and our distribution of ethnicities was
[25]
representative of London’s multi-racial TB population .
A recent study by Uddin and colleagues looked
at the prevalence of HBV and HCV in South Asian
[26]
immigrants in England attending community centres .
4998 individuals were screened and HBsAg or antiHCV Ab was present in 1.2% and 1.6% of patients
respectively, again higher than the national estimated
prevalence. This may be partially explained by the
older demographic screened in this study - attending
mosques and temples - who are more likely to have
been born and raised in South Asia and hence would
be at a greater risk of acquiring infection with HBV/HCV
at younger ages. The prevalence of chronic hepatitis
B in our study was more than twice that found in the
[26]
study by Uddin et al , reflecting the wider ethnic
background to our population, and suggesting that
screening for HBV and HCV may be more effective in
health care settings which might capture a wider range
of infected individuals.
Although HIV and HBV/HCV have similar risk factors,
we found no significant association between these
infections in our cohort of TB patients, suggesting that
HIV seropositivity alone would not identify patients with
unknown HBV/HCV.
Of note, a significantly greater proportion of pa
tients with active TB had chronic Hepatitis B compared
with patients with latent TB infection. The proportion
of patients in the latent and active groups positive for
anti-HBc did not differ, suggesting that whilst both
groups had equal exposure to the virus, the group
with active TB were more likely to fail to clear virus
and remain sAg positive. This could be attributable
to the relatively small number of latent TB patients
in the study; alternatively, there may be shared pa

HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C virus; HBc:
Hepatitis B core.

infected with HBV or HCV (P = 0.26, Fisher’s exact test).

Pre-treatment ALT Levels

Pre-treatment ALT levels were available in 399 patients,
71 of whom were HCV or anti-HBc positive (including
those also positive for HBsAg). Fourteen (19.7%) of
these patients had ALT levels of greater than 40 IU/mL
compared to 61 (18.6%) patients negative for markers
of HBV or HCV (P = 0.87, Fisher’s exact test). 13 (3.3%)
patients had ALTs of greater than 2 × ULN (> 80 IU/
mL), 3 of whom had ALTs of greater than 5 × ULN (>
200 IU/mL). All of these patients were negative for all
markers for HBV and HCV.

Post-treatment ALT Levels

Post-treatment ALTs were documented in 396 patients,
72 of whom were HCV or anti-HBc positive (including
those also positive for HBsAg). 16 (22.2%) of these
patients had ALT elevation > 40 IU/mL compared to 89
(27.5%) patients negative for markers of HBV or HCV
(P = 0.31, Fisher’s exact test). Six (8.3%) anti-HBc or
HCV positive patients had ALT > 80 IU/mL compared
to 33 (10.2%) patients without serological evidence of
HBV or HCV (P = 0.83, Fisher’s exact test). Of the 13
patients with ALT > 200 IU/mL, only one was positive
for HBV or HCV serological markers (P = 0.48, Fisher’s
exact test).

ALT levels post-treatment following normal pretreatment levels

Three hundred and twenty patients had normal (<
40 IU/mL) pre-treatment ALTs and also had follow-up
LFTs; of these, 57 were positive for serological markers
HBV or HCV. ALT elevation of greater than 80 IU/mL
was seen in 3 (5.3%) patients with positive HBV or
HCV serological markers, compared to 25 (9.5%)
patients negative for serological markers HBV/HCV
(P = 0.44, Fisher’s exact test). Twelve patients had
ALT > 200 IU/mL of whom only one had serological
evidence of HBV/HCV (P = 0.70, Fisher’s exact test).
Five patients required interruption of treatment due
to significantly elevated LFTs, none of whom had
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thways of immune control, perhaps involving MHC
[27]
I-restricted CD8 T cells important in both viral
and
[28]
mycobacterial
control, which could link immune
dysregulation in both Hepatitis B viral infection and M.
tuberculosis infection.
It is relevant to note that, on further follow-up,
none of the patients with HBsAg and/or Anti HCV
positivity had cirrhosis, as chronic liver disease itself is
a potential risk factor for acquiring TB.
Different studies have used varying definitions
of hepatotoxicity; our study employed a range of
thresholds, including one which is lower than the
[29]
ATS guidelines on hepatotoxicity , with the aim
of providing a more comprehensive analysis of the
derangement in liver function that might occur in this
population. Our study followed a standard protocol
whereby LFTs were measured pre-treatment and 2-4
wk after treatment. Further LFTs were only measured
if the patient had abnormal levels at week 2-4 or
developed symptoms; it is therefore possible that
patients developing asymptomatic DILI after 2-4 wk
of treatment may have been missed, although this is
[29]
not common . As with a number of other studies, we
found no association between HBV/HCV seropositivity
and DILI at both a lower and a higher threshold for
[5,16,30]
diagnosis
; suggesting that anti-TB medication
can generally be safely administered to those infected
with HBV/HCV in settings similar to ours, provided
liver function is regularly monitored. Although DILI
tends to occur early in the course of anti-TB therapy,
the prevalence of DILI in our study may potentially be
underestimated as follow-up liver function tests were
only checked once, unless clinically indicated.
It is also important to note that over 14% of
patients undergoing anti-TB treatment were positive
for anti-HBc. Without prophylactic anti-viral therapy,
these patients are at risk of HBV reactivation and
liver failure if they are immunosuppressed or undergo
immunomodulatory therapy or chemotherapy in the
future.
Without early detection and appropriate manage
ment, chronic infection with HBV or HCV can lead
to cirrhosis, liver failure and liver cancer. The Health
Protection Agency (United Kingdom) advises HCV
screening in intravenous drug users (IVDU) and men
[10]
who have sex with men
and the ATS recommends
viral hepatitis screening in TB patients with risk factors
such as IVDU, those born in endemic areas and in HIV
[29]
positive individuals . As the majority of TB patients in
the United Kingdom are immigrants from areas of the
world where viral hepatitis is endemic, this strengthens
the clinical utility of screening TB patients for viral
hepatitis.
The high prevalence of HBV and HCV in our cohort
likely reflects the relatively high prevalence of these
viruses in their countries of origin. The relevance of
our findings is that screening recommendations for
HBV for individuals born in high prevalence areas, such
as the American Association for the Study of Liver
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Diseases guidelines on chronic HBV, should be carried
out in TB patients and extended to HCV screening.
We propose that screening for hepatitis B and
C be considered in TB patients (particularly those
with active TB) in multicultural cities of the United
Kingdom with high rates of patients originating from
areas of the world where HBV and HCV are relatively
more highly prevalent. Further studies to identify TB
patients at highest risk of HBV/HCV co-infection, to
investigate links between active TB and Hepatitis B,
and to investigate the health economics of screening
are warranted.
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Abstract

disease, but none have addressed the possible
association between these biomarkers and nutritional
status. This study showed that the interleukin-6 levels
were significantly increased in children and adolescents
at nutritional risk. To the best of our knowledge, this is
the first study to analyze the relationship between the
cytokine levels and nutritional status in children and
adolescents with chronic liver disease.

AIM: To evaluate the nutritional status and its as
sociation with proinflammatory cytokines in children
with chronic liver disease.
METHODS: We performed a cross-sectional study
with 43 children and adolescents, aged 0 to 17 years,
diagnosed with chronic liver disease. All patients
regularly attended the Pediatric Hepatology Unit and
were under nutritional follow up. The exclusion criteria
were fever from any etiology at the time of enrollment,
inborn errors of the metabolism and any chronic
illness. The severity of liver disease was assessed by
Child-Pugh, Model for End-stage Liver Disease (MELD)
and Pediatric End Stage Liver Disease (PELD) scores.
Anthropometric parameters were height/age, body
mass index/age and triceps skinfold/age according
to World Health Organization standards. The cutoff
points for nutritional status were risk of malnutrition
(Z-score < -1.00) and malnutrition (Z-score < -2.00).
Interleukin-1β (IL-1β), IL-6 and tumor necrosis factor-α
levels were assessed by commercial ELISA kits. For
multivariate analysis, linear regression was applied to
assess the association between cytokine levels, disease
severity and nutritional status.

Santetti D, de Albuquerque Wilasco MI, Dornelles CTL, Werlang
ICR, Fontella FU, Kieling CO, dos Santos JL, Vieira SMG,
Goldani HAS. Serum proinflammatory cytokines and nutritional
status in pediatric chronic liver disease. World J Gastroenterol
2015; 21(29): 8927-8934 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i29/8927.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8927

INTRODUCTION
Biliary atresia (BA) is an obstructive cholangiopathy
that is present at birth or developed during the first two
[1]
weeks of life . It is the most common cause of chronic
[2]
liver disease in children and can progress to cirrhosis .
[3]
The etiology of this disease is still unknown . Late
referral to specialized centers is still a problem that can
[4]
affect patient survival . Alpha-1 antitrypsin deficiency,
Alagille syndrome and progressive familial intrahepatic
cholestasis (PFIC) are other causes of liver disease
[5]
in the pediatric population . Complications related
to chronic liver disease and cirrhosis include portal
hypertension, variceal bleeding, ascites and failure to
[6-8]
thrive .
It is well established that nutritional status is an
important factor in the prognosis of chronic liver
[9]
disease . Growth deficits may influence pre- and
[10,11]
post-transplantation mortality
. The presence
of pre-transplant stunting seems to be associated
with longer hospital stays and increased costs with
[12]
hospitalization at the time of transplantation . Early
identification of nutritional risk is important so that a
multidisciplinary team can implement individualized
[13]
dietary interventions .
Malnutrition in liver disease is related to several
conditions, such as reduced caloric intake, anorexia,
early satiety, abnormalities in the metabolism of
macronutrients, hypermetabolism and increased
[14-16]
proinflammatory cytokines
. In cholestatic patients,
there is a significant decrease in the bile acids con
centrations in the intestine with consequent malab
[17]
sorption of lipids and fat-soluble vitamins . This
clinical issue remains common, especially in end stage
[18,19]
liver disease
.
Recently, inflammatory activity is suggested
as a component of the pathogenesis of illness[20,21]
related malnutrition
. Moreover, it is possible that
proinflammatory cytokines could impair growth and

RESULTS: The median (25th-75th centile) age of the
study population was 60 (17-116)-mo-old, and 53.5%
were female. Biliary atresia was the main cause of
chronic liver disease (72%). With respect to Child-Pugh
score, cirrhotic patients were distributed as follows:
57.1% Child-Pugh A, a mild presentation of the disease,
34.3% Child-Pugh B, a moderate stage of cirrhosis and
8.6% Child-Pugh C, were considered severe cases.
PELD and MELD scores were only above the cutoff
point in 5 cases. IL-6 values were increased in patients
at nutritional risk (34.9%) compared with those who
were well-nourished [7.12 (0.58-34.23) pg/mL vs 1.63
(0.53-3.43) pg/mL; P = 0.02], correlating inversely
with triceps skinfold-for-age z-score (r s = -0.61; P <
0.001). IL-6 levels were associated with liver disease
severity assessed by Child-Pugh score (P = 0.001).
This association remained significant after adjusting for
nutritional status in a linear regression model.
CONCLUSION: High IL-6 levels were found in
children with chronic liver disease at nutritional risk.
Inflammatory activity may be related to nutritional
status deterioration in these patients.
Key words: Cytokines; Interleukin-6; Malnutrition;
Cirrhosis; Child
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory activity has been suggested
as a component of the pathogenesis of illnessrelated malnutrition. Several studies have evaluated
proinflammatory cytokines in pediatric chronic liver
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[20,22]

muscle breakdown through several pathways
.
The inclusion of the assessment of proinflammatory
cytokines, such as the concentrations of interleukin-1
beta (IL-1β), IL-6, tumor necrosis factor-alpha
(TNF-α) and C-reactive protein (CRP), is currently
[20,23,24]
recommended in routine clinical care
.
Many studies have evaluated the cytokine profiles
[25,26]
of children with chronic liver disease
, but none
have explored the possible association between these
biomarkers of inflammation and nutritional status.
Given the lack of studies on this relationship, the
present study aimed to evaluate the nutritional status
of children and adolescents with chronic liver disease,
and its association with inflammatory activity, by
measuring the proinflammatory cytokines IL-1β, IL-6
and TNF-α.

A), according to World Health Organization (WHO)
[31,32]
reference techniques
. The same trained researcher
performed all measurements. The variables were
presented as Z-scores. For children under 5 years
of age, the WHO Anthro (version 3.2.2) software
was applied. Children older than 5 years of age were
evaluated using WHO Anthro Plus and anthropometric
[33]
standards proposed by Frisancho
to calculate the
MUAC/A and TSF/A. The risk of malnutrition was
defined based on Z-score < -1.00 for BMI/A or TSF/A
and malnutrition as Z-score < -2.00. For statistical
purposes, the two categories, risk of malnutrition and
malnutrition, were assembled in a single group called
nutritional risk. In patients with ascites, we did not
consider values of BMI/A, because this parameter may
underestimate the diagnosis of malnutrition due to fluid
retention.

MATERIALS AND METHODS

Biochemical assays

Subjects and design

Blood samples were collected from all patients during
the performance of routine tests such as: serum
albumin, creatinine, conjugated bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), prothrombin time, international normalized
ratio (INR) and CRP. All laboratory tests were executed
according to standard operating protocols from the
Biochemistry Laboratory of the local institution.
For cytokine assessment (IL-1β, IL-6 and TNF-α),
serum (2.0 mL) was immediately separated by
centrifugation for 15 min at 3000 rpm and stored at
-80  ℃ , until analysis. The cytokine concentrations
were measured in duplicate using commercial ELISA
kits (RD Systems, Inc., Minneapolis, MN, United
States) according to the manufacturer’s protocol.
The minimum detectable levels for cytokines were as
follows: 1.0 pg/mL (IL-1β), 0.7 pg/mL (IL-6) and 5.5
pg/mL (TNF-α).

The present cross-sectional study evaluated a total of
43 children and adolescents from 3 mo to 17 years of
age with a clinical diagnosis of chronic liver disease. All
patients regularly attended the Pediatric Hepatology
Unit, Hospital de Clinicas de Porto Alegre, a tertiary
reference center for pediatric liver disease and liver
transplantation in Southern Brazil. All patients were
under regular nutritional follow up and their dietary
intake was evaluated as a systematic approach of the
multidisciplinary team at our institution.
In our study, cirrhosis was diagnosed by histological
and/or standard ultrasonographic and clinical criteria
in patients with chronic liver disease. The histological
criteria were the presence of nodular formation and
fibrosis on liver biopsy. Ultrasonographic findings were
the presence of esophageal varices on endoscopy and/
or ultrasound, showing heterogeneous echogenicity
of the liver and signs of portal hypertension. The
clinical criteria were hepatosplenomegaly, ascites,
[27]
hypoalbuminemia and coagulopathy .
The exclusion criteria were as follows: fever of any
etiology at the time of enrollment, inborn errors of the
metabolism and any chronic illness besides cirrhosis.

Statistical analysis

Continuous variables were expressed as mean ± SD
th
th
or median and interquartile range (25 -75 centile).
To evaluate the association between categorical
variables chi-square test was used. Regarding the
correlation between quantitative variables Spearman
correlation rank was applied. To compare two groups
of quantitative variables we used Mann-Whitney
U test, and to compare more than two groups, we
used Kruskal-Wallis test. The linearity was tested and
logarithm adjustment was performed. For multivariate
analysis, linear regression was applied to assess the
association between the cytokine levels, disease
severity and nutritional status. Data were considered
statistically significant at P ≤ 0.05.

Disease severity

The severity of liver disease was assessed according to
[28]
Child-Pugh score ; model for end-stage liver disease
[29]
(MELD) score
for adolescents older than 12 years
of age and pediatric end stage liver disease (PELD)
[30]
score for participants younger than 12 years of age.
Scores higher than 15 were considered the cut-off
point for liver disease severity.

Anthropometric parameters

The anthropometric parameters used in this study
included the following: body mass index-for-age (BMI/
A), height-for-age (H/A), mid upper arm circumferencefor-age (MUAC/A) and triceps skinfold-for-age (TSF/
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Table 1 Demographic and clinical data of the study
population n (%)

Table 2 Cytokine levels in children with chronic liver disease
at nutritional risk vs well-nourished

Patients (n = 43)

Variables
Age (yr)
<2
2-5
5-10
> 10
Female
Nutritional status1
Well-nourished
Risk of malnutrition
Malnutrition
Causes of chronic liver disease
Biliary atresia
Alpha-1 antitrypsin deficiency
Sinusoidal obstruction syndrome
Idiopathic chronic liver disease
Cirrhosis by cytomegalovirus
Cryptogenic cirrhosis
Cholestasis (CB ≥ 2.0 mg/dL)
Albumin (< 3.5 g/L)
Portal hypertension
Ascites
Hepatomegaly
Splenomegaly
Cirrhosis
Child-Pugh score
A
B
C
PELD score (> 15)
MELD score (> 15)

Interleukin-1β (pg/mL)
Interleukin-6 (pg/mL)
TNF-α (pg/mL)

13 (30.2)
9 (20.9)
11 (25.6)
10 (23.3)
23 (53.5)

Well-nourished

P value1

0.10 (0-0.66)
7.12 (0.58-34.23)
10.74 (8.17-12.35)

0.05 (0-0.28)
1.63 (0.53-3.43)
6.66 (4.28-11.26)

0.144
0.020
0.880

Mann-Whitney U test. Data are expressed as median (25th-75th centile).
TNF-α: Tumor necrosis factor-α.
1

28 (65.1)
10 (23.3)
5 (11.6)

Table 3 Correlations between the interleukin-6 levels and
routine liver function tests

31 (72)
6 (14)
1 (2.3)
1 (2.3)
1 (2.3)
3 (7)
12 (27.9)
12 (27.9)
24 (55.8)
3 (7)
25 (58.1)
32 (74.4)
35 (81.4)

th

Liver function tests

th

Median (25 -75 )

Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
Conjugated Bilirubin (mg/dL)

rs

73.50 (49.25-177.00) 0.70
60.00 (33.75-115.75) 0.49
0.7 (0.2-2. 57)
0.72

P value
< 0.001
0.001
< 0.001

rs = Spearman correlation test.

frequency of 23.3% of low height-for-age was found.

Cytokine assessment

th

th

The overall median (25 -75 centile) levels detected
for IL-1β, IL-6 and TNF-α were, respectively, 0.07
(0-0.30) pg/mL, 2.2 (0.58-6.8) pg/mL and 8.3
(4.6-11.9) pg/mL. Both IL-6 and TNF-α levels were
different between age groups (P = 0.004; P = 0.003).
We found an inverse correlation between IL-6 and
TSF/A (rs = -0.61; P < 0.001), IL-6 and MUAC/A (rs =
-0.51; P = 0.001), and IL-6 and H/A (rs = -0.34; P =
0.023). IL-1β only correlated inversely with TSF/A (rs =
-0.41; P = 0.006). There was no correlation between
the serum TNF-α and TSF/A.
The IL-6 values were significantly increased in
patients at nutritional risk (P = 0.02). The cytokine
levels in well-nourished children with chronic liver
disease compared with those at nutritional risk are
presented in Table 2.

20/35 (57.1)
12/35 (34.3)
3/35 (8.6)
4/27 (14.8)
1/8 (12.5)

1

Parameters for nutritional assessment: triceps skinfold-for-age and body
mass index-for-age. CB: Conjugated bilirubin; PELD: Pediatric end stage
liver disease; MELD: Model for end stage liver disease.

age was 60 (17-116) mo. BA was the main cause of
chronic liver disease (72%). Eight patients had no
cirrhosis criteria at the time of enrollment. Of all 35
cirrhotic patients, 24 were diagnosed by liver biopsy.
From the remaining 11 without liver biopsy, all had
ultrasonographic alterations that were compatible with
cirrhosis and portal hypertension (splenomegaly and/
or esophageal varices) without portal vein thrombosis.
Regarding Child-Pugh score, cirrhotic patients were
distributed as follows: 57.1% Child-Pugh A with a mild
presentation of the disease, 34.3% Child-Pugh with
a moderate stage of cirrhosis and 8.6% Child-Pugh C
were considered severe cases. PELD and MELD scores
were only higher than the cutoff point of 15 in 5 cases.
Complete demographic and clinical data are shown in
Table 1.

Relationship between cytokines and disease severity

A strong correlation was verified between IL-6 and
PELD score (rs = 0.79; P < 0.001) as well as between
TNF-α and MELD score (rs = 0.76; P = 0.017). The
IL-6 levels and routine liver function test correlations
are shown in Table 3. With respect to albumin, the
serum levels correlated inversely with IL-6 levels (rs
= -0.80; P < 0.001) as CRP had a strong positive
correlation to this cytokine (rs = 0.76; P < 0.001).
The IL-1β levels were not associated with liver
disease severity assessed through Child-Pugh, PELD
and MELD scores in our study population. The TNF-α
levels were associated with PELD (P = 0.026) and
Child-Pugh scores (P = 0.050).
The IL-6 levels also had a significant association
with liver disease severity, which was evaluated by
both PELD score (P = 0.014) and Child-Pugh score
(P = 0.001). The distribution of this cytokine among

Nutritional status

Malnutrition was detected among 11.6% of the
children and adolescents with chronic liver disease
and 23.3% were considered at risk of malnutrition.
The frequency of nutritional risk (risk of malnutrition
plus malnutrition) was higher in children younger than
2 years of age, corresponding to 61.5% in this age
group (P = 0.037). With respect to linear growth, a
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60

P = 0.012

Table 4 Multiple linear regression models for interleukin-6
levels adjusted for liver disease severity and nutritional status

50
Interleukin-6 (pg/mL)

Models
40

1

Child-Pugh score2
PELD/MELD score3

30

P = 0.011

P = 0.776

b

P value

0.581
0.535

< 0.001
0.001

Logarithmic transformation was applied; 2Adjusted for nutritional status.
R2 = 37.8%; 3Adjusted for nutritional status. R2 = 30.6%. PELD: Pediatric
end stage liver disease; MELD: Model for end stage liver disease.
1

20
10

that malnourished cirrhotic patients have increased
intestinal permeability compared with those who are
[36]
well-nourished , which could explain the higher
levels of IL-6 found in our patients at nutritional risk.
However, in cirrhotic adults, increased systemic levels
[37]
of IL-6 did not correlate with body mass index . We
can assume that there are still conflicting data related
to the possible relationship between malnutrition and
proinflammatory cytokines production, especially in
chronic liver disease.
The pathophysiology of malnutrition is thought
to be the combined influence of undernutrition and
[38]
inflammatory activity in the body composition . It
is well established that the presence of inflammatory
[24]
activity induces peripheral loss of lean body mass .
In our study, we found a strong inverse correlation
between the IL-6 levels and TSF/A Z-score, a pa
rameter of body composition. This finding agrees
with a possible link between the loss of lean body
mass and inflammatory activity. However, these
associations were not confirmed for IL-1β and TNF-α,
which is in agreement with a study on cystic fibrosis
[39]
patients . Anthropometric parameters, such as TSF/A,
are important tools for the nutritional assessment of
cirrhotic patients, especially at advanced stages of the
disease. It has been reported that there is a correlation
between the liver disease severity, estimated by
liver function tests, and impaired nutritional status,
[40]
measured by anthropometric markers .
Concerning nutritional assessment tools, it is well
known that serum albumin shows low sensitivity
and specificity as a marker of nutritional status,
especially in patients with liver disease. Furthermore,
it is assumed that albumin could be indicative of the
[41]
presence of inflammation . In agreement with this
theoretical assumption, we found a strong inverse
correlation between the IL-6 levels and albumin. With
respect to the relationship between CRP and IL-6,
there was a positive correlation in our study once this
cytokine stimulates the release of CRP by the liver
during the acute phase of inflammation. A recent
study reported that this acute-phase protein could also
be used as a tool to predict short-term mortality in
[42]
severely hospitalized cirrhotic patients .
Recent studies have suggested that IL-6 plays
an important role in the pathogenesis of several
[43,44]
diseases
. Focusing on liver disease patients, there
seems to be an imbalance between proinflammatory

0
Child-Pugh A

Child-Pugh B
Child-Pugh score

Child-Pugh C

Figure 1 Interleukin-6 levels in children and adolescents with chronic
liver disease according to Child-Pugh score.

Child-Pugh’s categories A, B and C is shown in Figure
1. In the multivariate model, IL-6 remained associated
with the disease severity that was measured by ChildPugh score and PELD/MELD scores after adjusting for
nutritional status (Table 4).

DISCUSSION
This study assessed the relationship between the
serum proinflammatory cytokines and nutritional
status in children and adolescents with chronic liver
disease. We demonstrated that the IL-6 levels were
significantly increased in children and adolescents at
nutritional risk enrolled in our study. To the best of
our knowledge, this is the first study to analyze the
relationship between the cytokine levels and nutritional
status in children and adolescents with chronic liver
disease.
Our results agreed with previous findings that
suggested that the serum concentrations of IL-6
could be used to identify patients at risk of nutritional
[34]
deterioration . Illness-related malnutrition appears to
display an association with inflammatory components
through increased resting energy expenditure,
decreased calorie consumption, anorexia, nutrient
[20]
loss, altered nutrient utilization and malabsorption .
This concept seems to be appropriate for children
and adolescents with chronic liver disease who have
an intense protein catabolism, changes in body
composition and muscle loss.
Increased resting energy expenditure could be
related to weight and growth impairment in pediatric
chronic liver disease, which may be approximately
[35]
30% higher compared with a healthy child . This
hypermetabolic state could be due to inflammation
by the presence of ascending cholangitis, ascites and
[15]
disordered substrate and energy uptake . Additionally,
altered intestinal permeability with consequent
endotoxemia is directly linked to increased cytokine
production observed in cirrhosis. It is suggested

WJG|www.wjgnet.com

8931

August 7, 2015|Volume 21|Issue 29|

Santetti D et al . Inflammation in pediatric chronic liver disease
and anti-inflammatory cytokines in cirrhosis. The
activated Kupffer cells of the liver are involved in
cytokine secretion. A study comparing children with BA
and intra-hepatic cholestatic diseases have reported
higher values of IL-6 in the BA group, indicating the
presence of chronic inflammation. Nevertheless, there
was no mention of the patient’s nutritional status.
The authors concluded that IL-6 could contribute
[45]
to determining the disease severity . As for these
studies, we found an association between the liver
disease severity, assessed by Child-Pugh score, and
increased IL-6 levels. Moreover, we also found a
positive correlation between IL-6 and routine liver
function tests, such as AST, ALT and CB.
Increased lipid oxidation and decreased glucose
uptake were demonstrated by indirect calorimetry in
cirrhotic patients, and this metabolic abnormality is
correlated with the disease severity and circulating
[46]
levels of TNF-α . In our study, the TNF-α levels
were also associated with liver disease severity, but
they were not associated with the nutritional status
assessed by anthropometric parameters. The IL-1β
levels were not significantly related to the outcomes
in our study. However, it is well established that
proinflammatory cytokines can act through stimulating
[47]
one another’s production . We can speculate that this
may have occurred in our study, because IL-1β could
be somehow stimulating IL-6 and TNF-α production.
The limitation of the study may be due to the small
number of severe liver disease patients (Child-Pugh
C) because all patients were enrolled in the outpatient
clinic. Moreover, the study design (cross sectional)
did not allow for medium or long-term follow up to
assess the nutritional and clinical outcomes. The
strength of this study is that we found the relationship
between high IL-6 levels in children and adolescents
with chronic liver disease at nutritional risk. However,
we could not determine the exact cause of increased
IL-6 levels, which could be from either malnutrition or
chronic liver disease or both.
We reported a relationship between high IL-6 levels
and nutritional status in children and adolescents
with chronic liver disease. Our findings suggest
that inflammatory activity appears to be part of the
evolution of pediatric chronic liver disease. Extensive
knowledge of this inflammatory panorama is of main
importance in our field, enabling the creation of new
approaches to nutritional support. Further research is
required to evaluate the effect of dietary intervention
on inflammatory response, in children and adolescents
with chronic liver disease.
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Background

Malnutrition in liver disease is frequently related to decreased caloric
intake, early satiety, and abnormalities in the metabolism of macronutrients.
Additionally, it has also been hypothesized that malnutrition might be related to
inflammatory activity in patients with chronic diseases.

Research frontiers

This is essentially a clinical study that assessed the relationship between the
cytokine levels and nutritional status in children and adolescents with chronic
liver disease.

Innovations and breakthroughs

Several studies evaluated the cytokine profiles of children with chronic liver
diseases, but none addressed the possible association between these
biomarkers of inflammation and nutritional status. This is the first study to
analyze the relationship between the cytokine levels and nutritional status in
children and adolescents with chronic liver disease.

Applications

Understanding the role of proinflammatory cytokines, such as IL-6, in pediatric
chronic liver disease, might be a helpful tool for assessing the illness-related
malnutrition presented by these patients.

Terminology

Cytokines are inflammatory mediators produced by T cells. The circulating
levels of these biomarkers are identified in the presence of overproduction
with consequent impact on homeostasis. Proinflammatory cytokines, such as
Interleukin-1β (IL-1β), IL-6 and tumor necrosis factor-α, may be associated
with illness-related malnutrition.

Peer-review

This manuscript highlights the association between the IL-6 levels and
nutritional status deterioration. Their findings suggest that inflammatory activity
appears to be part of the evolution of pediatric chronic liver disease. Extensive
knowledge of this inflammatory panorama is of primary importance in their field,
enabling the creation of new approaches to nutritional support.
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Abstract
AIM: To evaluate the efficacy of pegylated interferon
in Iranian chronic hepatitis C patients in relation to
interferon-λ (IFNL) polymorphisms.

Informed consent statement: Informed consent was obtained
from all patients participating in the study.
Conflict-of-interest statement: This study was financially
supported by Pooyesh Darou, which is the local manufacturer of
pegylated interferon alpha-2a in Iran (Pegaferon®). The funder
had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

METHODS: This study enrolled patients with chronic
hepatitis C referred to the Tehran Blood Transfusion
Hepatitis Clinic in 2011. Patients were included in the
study if they had no concomitant hepatic illness, were
negative for human immunodeficiency virus antibodies,
and had no prior history of treatment with any type of

Data sharing statement: Dataset is available from the
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pegylated interferon. Patients were treated with 180 µg
pegylated interferon alpha-2a (Pegaferon®) weekly and
800-1200 mg ribavirin daily for 24 or 48 wk depending
on weight and hepatitis C virus (HCV) genotype. Blood
samples were collected from patients to obtain DNA
for determination of IFNL rs12979860 and rs8099917
polymorphisms. The virologic response in patients was
then evaluated and compared between the different
IFNL genotypes.

INTRODUCTION
Chronic infection with the hepatitis C virus (HCV)
is a serious condition that can lead to cirrhosis or
hepatocellular carcinoma. An estimated 150 million
people worldwide are chronically infected with HCV,
which is responsible for 350000 liver-related deaths
[1]
annually . In Iran, the prevalence of chronic HCV
[2]
infection is approximately 0.5% . With the advent of
new potent drugs such as direct acting oral agents,
recommendations for chronic hepatitis C treatment
in adults is rapidly changing. Although these new
agents are more effective and have fewer side
effects they are offered at very high prices, making
pegylated interferon (Peg-IFN) plus ribavirin the
only affordable treatment option for a large group of
[3]
patients, especially those in developing countries .
Until recently the Peg-IFN regimen was the mainstay
of chronic hepatitis C treatment, and resulted in a
sustained virologic response (SVR) in 33%-80% of
[4,5]
patients . However, data regarding the response
rate of Iranian patients to Peg-IFN is limited, with the
[6]
[7]
reported success rates ranging from 50% to 61% ;
although these studies were not restricted to the
evaluation of treatment-naïve patients.
Treatment outcome can be affected by various
factors, including single nucleotide polymorphisms
(SNPs) of interferon-λ (IFNL) (located near the IL28B
gene and thus also known as IL28B polymorphisms)
[8]
such as rs12979860 and rs8099917 . These SNPs
are also associated with spontaneous clearance of
[9,10]
HCV
. Studies have shown that rs12979860 “CC”
and rs8099917 “TT” genotypes are significantly associ
[11,12]
ated with preferred treatment outcome
. Thus, to
further investigate the role of these SNPs, the success
of Peg-IFN-alpha-2a plus ribavirin treatment in Iranian
patients with chronic HCV infection was evaluated with
respect to host genetics and HCV genotypes.

RESULTS: A total of 152 patients with a mean age
of 41.9 ± 10.0 years were included in the study, of
which 141/152 were men (92.8%). The most frequent
HCV genotype was type-1, infecting 93/152 (61.2%)
patients. Sustained virologic response (SVR) was
achieved in 81.9% of patients with HCV genotype-1
and 91.1% of patients with HCV genotype-3. Treatment
success was achieved in 91.2% (52/57) of patients with
the IFNL rs12979860 CC genotype and 82.1% (78/95)
in those with other genotypes. Similar treatment
response rates were also observed in patients with
rs8099917 TT (39/45; 86.7%) and non-TT (61/68;
89.7%) genotypes. Univariate analyses identified the
following factors which influenced treatment response
for inclusion in a multivariate analysis: age, HCV RNA
level, stage of liver fibrosis, rs12979860 CC genotype,
and aspartate transaminase level. A logistic regression
analysis revealed that only the rs12979860 CC
genotype was significantly associated with achievement
of SVR (OR = 6.2; 95%CI: 1.2-31.9; P = 0.03).
CONCLUSION: The rs12979860 CC genotype was
associated with SVR in patients receiving pegylated
interferon plus ribavirin, however, the SVR rate in other
rs12979860 genotypes was also relatively high.
Key words: Chronic hepatitis C; Pegylated interferon;
rs12979860; rs8099917; Sustained virologic response
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Chronic hepatitis C-infected Iranian patients
treated with pegylated interferon and ribavirin showed
relatively high rates of sustained virologic response.
Treatment success was not influenced by hepatitis C
virus genotype. However, a comparison of treatment
success related to IFNL polymorphisms (also known
as IL28B polymorphisms) using a logistic regression
analysis revealed that the interferon-λ rs12979860 CC
genotype was significantly associated with achieving a
sustained virologic response.

Study population

Adult patients with chronic HCV infection (defined as
the presence of HCV RNA in serum for > 6 mo) referred
to the Tehran Blood Transfusion Hepatitis Clinic between
March 2011 and August 2013 were enrolled in the
study. Patients with no concomitant hepatic illness,
negative results for human immunodeficiency virus
antibody and hepatitis B surface antigen, and no history
of prior antiviral therapy for HCV infection were included
in the study. A majority of the patients underwent
percutaneous liver biopsy, for which specimens were
evaluated according to the modified Knodell score
[13]
grading and staging system by Ishak et al .

Haj-sheykholeslami A, Keshvari M, Sharafi H, Pouryasin
A, Hemmati K, Mohammadzadehparjikolaei F. Interferon-λ
polymorphisms and response to pegylated interferon in
Iranian hepatitis C patients. World J Gastroenterol 2015;
21(29): 8935-8942 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i29/8935.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i29.8935
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Patients received weekly subcutaneous injections of
Peg-IFN-alpha-2a (180 µg/mL Pegaferon®; Pooyesh
Darou, Tehran, Iran) and daily oral ribavirin (Ribabiovir®;
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Bakhtar Bioshimi, Kermanshah, Iran): 800 mg for HCV
genotype-3 and 1000-1200 mg according to the patient’s
weight (< or ≥ 75 kg) for HCV genotype-1.
Treatment duration was 24 wk for those infected
with HCV genotype-3, or 48 wk for infection with
HCV genotype-1, but could be shortened or extended
depending on the patient’s response and compliance.
The patients were closely monitored throughout
the treatment course, with monthly complete blood
cell count and liver enzyme tests, and HCV RNA level
assessment before treatment, at weeks 4, 12, 24,
at the end of treatment, and 24 wk after treatment
completion. Informed consent was obtained from all
participating patients. The study conformed to the
ethical guidelines of the 1975 Declaration of Helsinki,
and was approved by the Ethics Committee of the
Iranian Blood Transfusion Organization.

(SVR; HCV RNA undetectable at 6 mo after the end
of treatment). Achievement of SVR was considered
as treatment success, and thus used to describe
patients as responders or non-responders. HCV
breakthrough was used to describe cases where HCV
RNA was detected during treatment after a previous
period where it was undetectable, and resistant
infections were cases where HCV RNA was detectable
at all times. If HCV RNA was undetectable at the end
of therapy, but then detected 6 mo later, this was
[16]
considered a relapse .

Statistical analysis

Statistical analyses were performed using SPSS v16.0
software (SPSS Inc., Chicago, IL, United States).
The association of each nominal variable with SVR
achievement was evaluated with cross tabulation
2
and χ testing. Independent sample Student’s t tests
were used for continuous variables with a normal
distribution, otherwise the Mann-Whitney U test was
used. All baseline variables that had a P < 0.2 in
univariate tests were entered into a logistic regression
model, and P < 0.05 was considered statistically
significant. The statistical methods used in this study
were reviewed by Maryam Sharafkhah, MS, of the
Biostatistics in Digestive Diseases Research Institute.

Laboratory assessments

Quantitative assessment of HCV RNA was performed
using the COBAS TaqMan HCV Test v2.0 (Roche
Diagnostics, Basel, Switzerland) according to the
manufacturer’s instructions and a detection limit of
10 IU/mL. HCV genotyping was performed using HCV
[14]
genotype-specific primers .
The IFNL SNPs were assessed using the PCR[15]
restriction fragment length polymorphism method .
Briefly, genomic DNA was extracted from patients’
peripheral blood using the QIAamp DNA Blood Mini
Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. The PCR was performed
using Accupower PCR PreMix (Bioneer Corp.,
Daejeon, South Korea) with the following conditions:
94 ℃ for 5 min, 35 cycles of 94 ℃ for 20 s, 66 ℃
for 20 s, and 72 ℃ for 20 s, followed by 72 ℃ for
5 min. Primers used for the reaction included:
rs12979860, 5’-GCGGAAGGAGCAGTTGCGCT-3’
a n d 5 ’ - G G G G C TTT G C T G G G G G A G T G - 3 ’ ; o r
rs8099917, 5’-CCCACTTCTGGAACAAATCGTCCC-3’
and 5’-TCTCCTCCCCAAGTCAGGCAACC-3’. The PCR
amplicons were then digested for ≥ 1 h with 10 U
of restriction endonuclease: BstUI for rs12979860 or
BsrDI for rs8099917 (Fermentas of Thermo Fisher
Scientific, Waltham, MA, United States). The digested
PCR products were separated on 3% agarose gels
revealing the following sized fragments: rs12979860,
196 and 45 bp for the CC genotype, 241, 196, and 45
bp for the CT genotype, or 241 bp for the TT genotype;
rs8099917, 552 bp for the TT genotype, 552, 322 and
230 bp for the GT genotype, and 322 and 230 bp for
the GG genotype.

RESULTS
Patient characteristics

A total of 152 patients (141 men and 11 women; mean
age 41.9 ± 10.0 years) with chronic HCV infection
were included in this study. The mean HCV RNA level
was 3920258 ± 6856760 IU/mL (interquartile range:
4420288 IU/mL). A larger proportion of patients (93/152;
61.2%) were infected with HCV genotype-1 (1a: n =
86; 1b: n = 7), and the remaining patients were infected
with HCV genotype-3a (n = 56), a mixed genotype1a/3a (n = 2), or mixed genotype-1a/4 (n = 1).
The frequencies of IFNL rs12979860 CC, CT, and
TT genotypes were 37.5%, 47.3%, and 13.2%,
respectively, and were 60.2%, 37.2%, and 2.7% for
rs8099917 TT, GT, and GG genotypes, respectively.
There were no significant differences in rs12979860
and rs8099917 subtype frequencies with respect to
HCV genotype.
Liver biopsies were performed in 99/152 (65.1%)
patients, indicating stage 0 (n = 8), stage 1 (n = 23),
stage 2 (n = 26), stage 3 (n = 27), or stage 4 (n = 4)
fibrosis, or cirrhosis (n = 11).

Treatment response

Assessment of treatment response

Treatment duration was reduced to < 48 wk for 24/94
(25.5%) patients with HCV genotype-1 infection (15
with shortened treatment course, two as a result
of non-compliance, and seven following treatment
failure), and to < 24 wk in one non-compliant HCV
genotype-3 subject. Treatment was prolonged up to

Therapeutic responses were categorized as: rapid
virologic response (RVR; HCV RNA undetectable after
4 wk of treatment), early virologic response (EVR;
th
HCV RNA undetectable or ≥ 2 log decreased at 12
wk of treatment), or sustained virologic response
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Table 1 Treatment outcomes n (%)
Hepatitis C virus genotype

Type-11
(n = 94)
Type-3
(n = 56)
Mixed type-1 and -3
(n = 2)
Total
(n = 152)

Virologic response

Resistant

Breakthrough

Relapse

Rapid

Early

End of
treatment

Sustained

42 (44.7)

86 (91.5)

85 (90.4)

77 (81.9)

6 (6.4)

3 (3.2)

8 (8.5)

47 (83.9)b

49 (89.1)2

56 (100)

51 (91.1)

0 (0)

0 (0)

5 (8.9)

1 (50.0)

2 (100)

2 (100)

2 (100)

0 (0)

0 (0)

0 (0)

90 (59.2)

137 (90.7)2

143 (94.1)

130 (85.5)

6 (3.9)

3 (2.0)

13 (8.6)

1

Includes one patient with mixed hepatitis C virus genotype-1a/4; 2Data from one patient was missed; bP < 0.01 vs type-1.

Table 2 Baseline variables according to treatment response
Variable

All subjects

Age (yr)
HCV RNA (× 105 IU/mL)
Liver fibrosis stage
ALT (IU/L)
AST (IU/L)
BMI (kg/m2)

HCV genotype-1

HCV genotype-3

R
(n = 130)

NR
(n = 22)

R
(n = 77)

NR
(n = 17)

R
(n = 51)

NR
(n = 5)

40.9 ± 9.4a
35.6 ± 55a
2.2 ± 1.5
71.9 ± 57.7
44.5 ± 26.4
26.9 ± 4.0

47.7 ± 11.5
60.1 ± 99.5
3.0 ± 1.7
100.9 ± 108.7
71.2 ± 66.8
25.8 ± 3.4

41.7 ± 9.0
37.9 ± 48.6
2.3 ± 1.5
74.2 ± 63.9
44.9 ± 28.7
27.2 ± 3.5a

47.9 ± 11.9
70.1 ± 111.6
3.0 ± 1.8
77.9 ± 63.7
58.5 ± 47.6
25.1 ± 3.0

40.0 ± 10.1
32.4 ± 64.9
1.8 ± 1.3
70.1 ± 47.9
44.4 ± 23.3
26.2 ± 4.6

46.8 ± 8.9
26.3 ± 16.8
3.0 ± 0.0
198.7 ± 203.6
125.2 ± 113.5
29.5 ± 3.7

Data are presented as mean ± SD; aP < 0.05 vs NR. ALT: Alanine transaminase; AST: Aspartate transaminase; BMI: Body mass index; HCV: Hepatitis C
virus; NR: Non-responder; R: Responder (achieved sustained virologic response).

responders were significantly younger (P < 0.01),
and had lower HCV RNA levels (P = 0.04) than nonresponders. These differences were not significant
within the HCV genotype subgroups. In contrast, body
mass index did not differ within the entire cohort with
regard to treatment response, however, responders
with HCV genotype-1 infection had a significantly
higher body mass index than non-responders (P =
0.03).
Table 3 shows the prevalence of rs12979860 and
rs8099917 genotypes with respect to treatment
response. Among subjects with rs12979860 CC
genotype, 91.2% (52/57) responded successfully to
treatment, whereas 82.1% (78/95) of patients with
a non-CC genotype responded. Treatment success
occurred in 86.7% (39/45) of patients with the
rs8099917 TT genotype, and in 89.7% (61/68) of
those with a non-TT genotype. Univariate analyses
revealed that there were no differences in the
prevalence of the IFNL genotypes between responders
and non-responders for either polymorphism. However,
among patients with HCV genotype-1 infection, the
rs12979860 CC genotype was significantly related to
treatment success (94.1% vs 75.0%; P = 0.02). This
was not observed in the HCV genotype-3 group.
Patients with the rs12979860 CC genotype had
significantly higher HCV RNA levels compared to those
5
5
with a non-CC genotype (60.9 × 10 ± 81.8 × 10
5
5
IU/mL vs 26.4 × 10 ± 45.7 × 10 IU/mL, P = 0.01).
Further analyses also revealed that RNA levels of HCV

72 wk in 14/94 (14.9%) patients with HCV genotype-1
infection because of cirrhosis or the continued
presence of HCV RNA at 12 wk. Similarly, 10 patients
with HCV genotype-3 infection required an extended
48-wk therapy course. Treatment course was
withdrawn in 1 subject due to attempted suicide. The
11 patients with cirrhosis did not show signs of ascites
or thrombocytopenia, and treatment was therefore
administered.
The treatment outcomes for all patients and
according to HCV genotypes are shown in Table 1.
Although the rates of EVR and SVR did not differ
between the HCV genotype-1 and genotype-3 groups,
the rate of RVR was significantly higher in patients with
HCV genotype-3 than in patients with HCV genotype-1
(P < 0.01). Furthermore, 44/62 (71.0%) patients who
did not demonstrate RVR and 7/14 (50.0%) patients
who did not show EVR eventually achieved SVR.
Therefore, overall, RVR and EVR were significantly
related to treatment success (P < 0.01).

Predictors of treatment response

The age, baseline HCV RNA level, liver fibrosis stage,
serum alanine and aspartate transaminase levels, and
body mass index were compared among treatment
responders and non-responders within the HCV
genotype groups (Table 2). Patients with mixed HCV
genotypes were excluded from analyses due to the
small sample size. The baseline characteristics did
not differ between HCV genotype groups, although
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Table 3 Prevalence of single nucleotide polymorphisms n (%)
Hepatitis C virus
genotype
Type-1
Responders
Non-responders
Type-3
Responders
Non-responders
Mixed type-1 and -3
Responders
Non-responders
Total
Responders
Non-responders

rs12979860 genotype
CC

Non-CC

Table 4 Predictive factors of treatment success

1

rs8099917 genotype
TT

Baseline variable

Non-TT

32 (41.6)
2 (11.8)

45 (58.4)
15 (88.2)

32 (59.3)
3 (33.3)

22 (40.7)
6 (66.7)

20 (39.2)
3 (60.0)

31 (60.8)
2 (40.0)

28 (63.6)
4 (100)

16 (36.4)
0 (0)

2 (100)
0 (0)

1 (50.0)
0 (0)

1 (50.0)
0 (0)

78 (60.0)
17 (77.3)

39 (39.0)
7 (53.8)

61 (61.0)
6 (46.2)

Age
AST
HCV RNA level
(categorical)
Stage of liver fibrosis
rs12979860 CC genotype

P value

Odds ratio

95%CI

0.18
0.55
0.30

0.96
0.99
0.53

0.91-1.02
0.98-1.01
0.16-1.75

0.22
0.031

0.77
6.23

0.50-1.17
1.22-31.88

1

0 (0)
0 (0)
52 (40.0)
5 (22.7)

Significant association with SVR achievement. AST: Aspartate transaminase;
HCV: Hepatitis C virus; SVR: Sustained virologic response.

from these Iranian studies are in line with our results
presented herein. Studies on the success rate of this
treatment regimen in neighboring countries are rare
and comparing the results of the existing ones is also
difficult due to different HCV genotype distributions. A
study from Turkey reported SVR rates of 48.6% and
35.1% in a group of patients with HCV genotype-1
treated with Peg-IFN-alpha-2a or Peg-IFN-alpha-2b,
[22]
respectively .
[23]
A report by Muir et al
found that responses to
Peg-IFN varied among ethnicities regardless of the
HCV genotype, with the lowest rates (22%) in African
Americans, and the highest (59%) in Asian Americans.
Another study reported an SVR rate of 76% in Asian
[24]
patients vs 36% in Caucasians . Thus, ethnic dif
ferences may explain the higher success rates in the
[21]
Iranian patients reported here and elsewhere .
Another interesting finding in our study was the
same treatment success rate in HCV genotype- 1 and
[25]
-3 patients. Lin et al
showed that patients younger
than 40 with HCV genotype-1 had a treatment
response similar to HCV genotype-2 infection.
[26]
Moreover, a study by Gheorghe et al
showed that
patients with HCV genotype-1 and mild hepatitis
had a high rate of SVR similar to those with other
HCV genotypes, young age and low level of viremia
and significant hepatocytolisis were found to be
independent predictors of SVR. These findings can
explain the similar SVR achievement rates between
the 2 HCV genotype groups in our study regardless of
IFNL polymorphism. It is also possible that apart from
ethnic differences, the relatively younger age of the
participants and their high compliance (3.6% dropout
rate) in our study accompanied by the fact that we
only included treatment-naïve patients contributed to
the observed high treatment success rate.
The identification of rs12979860 and rs8099917
genotypes has been recommended prior to treatment
of patients infected with HCV genotype-1 or -4 due to
[8]
the possibility of a more favorable outcome . Although
a meta-analysis performed by Belgian scientists
demonstrated that favorable IL28B genotypes are
associated with higher RVR and SVR rates in HCV
genotype-2 and -3 patients, but as their impact on SVR
was slim, they did not recommend IL28B genotyping
[11]
before therapeutic interventions in these patients .

1

Data missing for 39 patients.

genotype-1 were significantly higher in patients with
5
rs12979860 CC vs other genotypes (71.6 × 10 ±
5
5
5
88.1 × 10 IU/mL vs 28 × 10 ± 40.2 × 10 IU/mL, P
< 0.01). However, this was not the case for patients in
the HCV genotype-3 group. In addition rs12979860 CC
and rs8099917 TT genotypes were significantly related
to achievement of RVR (both P < 0.05), but not EVR.
RVR was also significantly associated with rs12979860
CC and rs8099917 TT genotypes in patients infected
with HCV genotype-1 (P = 0.01).
Logistic regression analysis of treatment success
was conducted according to age, categorical HCV RNA
level, stage of liver fibrosis, rs12979860 CC genotype,
and aspartate transaminase level (variables identified
by P < 0.2 in univariate analyses). The results showed
that only rs12979860 CC genotype was a predictor
of SVR achievement (P = 0.03). Table 4 shows the
results of multivariate analysis.

DISCUSSION
A wide range of response rates has been reported
for Peg-IFN and ribavirin treatment of chronic HCV
infection, reflecting the various settings and patient
selections. For example, these values range from
7% in patients with HCV genotype-1 and high viral
[17]
load
to 80% in patients with HCV genotype-2 and
[5,18]
-3
. Although recently more effective treatments
for chronic hepatitis C have been introduced, the
high cost of these treatments has made the Peg-IFN
plus ribavirin regimen the only affordable treatment
[3]
option in many developing countries . Jabbari et
[19]
al
reported a high success rate with this regimen
in Iranian patients with HCV genotype-3 compared
to genotype-1 (95% vs 67%), and another Iranian
study reported an 83.8% success rate in patients
with HCV genotype-3 and 72.6% in those with HCV
[20]
[21]
genotype-1 . Moreover, Alavi Moghaddam et al
reported an excellent treatment success rate of 95.6%
in 45 younger hemophiliac patients (mean age 30.4 ±
12.6 years) with HCV genotypes-1 and -3. The results

WJG|www.wjgnet.com

8939

August 7, 2015|Volume 21|Issue 29|

Haj-sheykholeslami A et al . Interferon-λ and response to pegylated interferon
The findings reported herein indicate that only the
rs12979860 CC genotype significantly affects SVR,
which is consistent with another previous Iranian study
on 48 patients infected with HCV genotype-1, where
the SVR rate was higher in those with the rs12979860
CC genotype in comparison to those with rs12979860
[27]
TT genotype . Nevertheless, in the present study,
both rs12979860 and rs8099917 were related to RVR,
but not EVR achievement, regardless of HCV genotype.
The distributions of rs12979860 and rs8099917 SNPs
observed in this study were concordant with previous
[28,29]
reports
.
As we only included 152 subjects in our study and
had a high treatment success rate, only 22 patients
failed to achieve SVR, therefore a larger sample size
with more subjects in the non-responder group may
have confirmed these results with more certainty.
Although in this study reaching RVR and EVR were
both significantly related to treatment success, SVR
was still achieved in more than half of the patients
that initially had failed to reach RVR or EVR (71% and
50%, respectively).
The results of the present study also show that
patients with the rs12979860 CC genotype had
more than two times the HCV RNA level than nonCC genotypes, which has been reported for various
HCV genotypes throughout the various courses of
[30-33]
infection (acute, early chronic, and chronic)
.
[34]
Bucci et al
reported similar results in 201 HCV
genotype-3 patients from the United Kingdom, this
study showed that favorable IL28B polymorphisms
(rs8099917) are associated with a marked increase
in baseline viral load and RVR achievement, but not
[32]
SVR. Domagalski et al
also confirmed the associa
tion between favorable rs12979860 CC genotype
and higher baseline viral loads in patients with HCV
[35]
genotype 1 and 4. Abe et al
reported more severe
inflammation and fibrosis in the homozygous bearers
of major IL28B alleles questioning their benefit outside
the treatment context. It is suggested that different
IL28B polymorphisms induce different cytokine profiles
that can cause different inflammatory or biochemical
results in the course of chronic HCV infection. This
apparent paradox between higher baseline HCV RNA
level, which has been linked to treatment failure in
[36,37]
many studies
, and higher response rate in patients
with the rs12979860 CC genotype requires further
investigation.
More large scale multi-centric studies are needed
to reliably evaluate the response rate of patients in
different ethnical or geographical parts of the world
and to identify the responsible factors for high success
rates in specific populations to improve the treatment
outcome for all patients with chronic hepatitis C.
In conclusion, this study shows that the SVR
achievement rate is high in Iranian treatment-naïve
patients regardless of HCV genotype. Although the
rs12979860 CC genotype showed a strong relationship
with SVR achievement, the comparatively high level of
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SVR achievement with Peg-IFN and ribavirin in patients
with other rs12979860 genotypes indicates that the
Iranian patient’s IFNL polymorphism should not alter
treatment decisions.

COMMENTS
COMMENTS
Background

Chronic hepatitis C virus (HCV) infection is a major public health problem that
can result in cirrhosis and lead to hepatocellular carcinoma or even death.
For the past decade, Pegylated interferon (Peg-IFN) has been the primary
therapeutic intervention for chronic HCV infection, although its efficacy is
influenced by many factors, including single nucleotide polymorphisms in or
near the IL28B gene.

Research frontiers

Many studies have reported wide ranging efficacies for Peg-IFN and ribavirin
in the treatment of chronic HCV infection. Although patient age, viral load, and
ethnicity can substantially affect treatment success, the role of host genetic
factors, such as single nucleotide polymorphisms in relevant genes, are
becoming more apparent. Thus, further understanding of the influence of these
factors will help improve patient outcome.

Innovations and breakthroughs

The high response rate to Peg-IFN and ribavirin is an important finding of this
study, and may support the decision to accept treatment by many patients with
chronic HCV infection, particularly those in developing countries. The high
response rate of Iranian patients to Peg-IFN and ribavirin in this study highlights
that the conventional dual therapy can still be considered the first-line treatment
for these patients.

Applications

The results of this study show that the rs12979860 CC genotype is a strong
predictor of treatment response. Thus, patients with this rs12979860 genotype
can achieve greater benefit from Peg-IFN and ribavirin treatment.

Terminology

Interferon-λ is a cytokine that is involved in host defense against viral infections,
such as hepatitis C. Single nucleotide polymorphisms are genetic variations
within the DNA that are common within a population.

Peer-review

The authors carried out a cross-sectional multivariate analysis to describe
positive predictive factors for response to HCV treatment with Peg-IFN alpha2a plus ribavirin in a naïve Iranian cohort. Special attention is given to IL28B
polymorphisms as a target to predict sustained viral response. They observed
a similar finding to previous reports showing a relationship between the IFNL
rs12979860 CC genotype and a higher sustained virologic response probability.
The patient cohort demonstrated a high sustained virologic response rate
overall, which could be related to ethnic factors that render the Iranian
population more sensitive to Peg-IFN plus ribavirin treatment.

REFERENCES
1
2

3

4

8940

World Health Organization. Hepatitis C. World Health Organization,
2015
Merat S, Rezvan H, Nouraie M, Jafari E, Abolghasemi H, Radmard
AR, Zaer-rezaii H, Amini-Kafiabad S, Maghsudlu M, Pourshams
A, Malekzadeh R, Esmaili S. Seroprevalence of hepatitis C
virus: the first population-based study from Iran. Int J Infect Dis
2010; 14 Suppl 3: e113-e116 [PMID: 20362479 DOI: 10.1016/
j.ijid.2009.11.032]
Hill A, Khoo S, Fortunak J, Simmons B, Ford N. Minimum costs for
producing hepatitis C direct-acting antivirals for use in large-scale
treatment access programs in developing countries. Clin Infect Dis
2014; 58: 928-936 [PMID: 24399087 DOI: 10.1093/cid/ciu012]
Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G,

August 7, 2015|Volume 21|Issue 29|

Haj-sheykholeslami A et al . Interferon-λ and response to pegylated interferon

5

6

7

8

9

10

11

12

13

14

15

16
17
18

19

Gonçales FL, Häussinger D, Diago M, Carosi G, Dhumeaux D,
Craxi A, Lin A, Hoffman J, Yu J. Peginterferon alfa-2a plus ribavirin
for chronic hepatitis C virus infection. N Engl J Med 2002; 347:
975-982 [PMID: 12324553 DOI: 10.1056/NEJMoa020047]
Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman
M, Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK.
Peginterferon alfa-2b plus ribavirin compared with interferon alfa2b plus ribavirin for initial treatment of chronic hepatitis C: a
randomised trial. Lancet 2001; 358: 958-965 [PMID: 11583749]
Namazee N, Sali S, Asadi S, Shafiei M, Behnava B, Alavian SM.
Real response to therapy in chronic hepatitis C virus patients: a study
from iran. Hepat Mon 2012; 12: e6151 [PMID: 23087759 DOI:
10.5812/hepatmon.6151]
Alavian SM, Tabatabaei SV, Keshvari M, Behnava B, Miri SM,
Elizee PK, Lankarani KB. Peginterferon alpha-2a and ribavirin
treatment of patients with haemophilia and hepatitis C virus infection:
a single-centre study of 367 cases. Liver Int 2010; 30: 1173-1180
[PMID: 20629950 DOI: 10.1111/j.1478-3231.2010.02296.x]
Jia Z, Ding Y, Tian S, Niu J, Jiang J. Test of IL28B polymorphisms
in chronic hepatitis C patients treated with PegIFN and ribavirin
depends on HCV genotypes: results from a meta-analysis. PLoS
One 2012; 7: e45698 [PMID: 23029188 DOI: 10.1371/journal.
pone.0045698]
Sharafi H, Alavian SM, Behnava B, Pouryasin A, Keshvari M.
The Impact of IFNL4 rs12979860 Polymorphism on Spontaneous
Clearance of Hepatitis C; A Case-Control Study. Hepat Mon 2014;
14: e22649 [PMID: 25419220 DOI: 10.5812/hepatmon.22649]
Grebely J, Petoumenos K, Hellard M, Matthews GV, Suppiah V,
Applegate T, Yeung B, Marks P, Rawlinson W, Lloyd AR, Booth D,
Kaldor JM, George J, Dore GJ. Potential role for interleukin-28B
genotype in treatment decision-making in recent hepatitis C virus
infection. Hepatology 2010; 52: 1216-1224 [PMID: 20803561 DOI:
10.1002/hep.23850]
Schreiber J, Moreno C, Garcia BG, Louvet A, Trepo E, Henrion
J, Thabut D, Mathurin P, Deltenre P. Meta-analysis: the impact of
IL28B polymorphisms on rapid and sustained virological response in
HCV-2 and -3 patients. Aliment Pharmacol Ther 2012; 36: 353-362
[PMID: 22742526 DOI: 10.1111/j.1365-2036.2012.05197.x]
Jiménez-Sousa MA, Fernández-Rodríguez A, Guzmán-Fulgencio
M, García-Álvarez M, Resino S. Meta-analysis: implications of
interleukin-28B polymorphisms in spontaneous and treatmentrelated clearance for patients with hepatitis C. BMC Med 2013; 11: 6
[PMID: 23298311 DOI: 10.1186/1741-7015-11-6]
Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F,
Denk H, Desmet V, Korb G, MacSween RN. Histological grading
and staging of chronic hepatitis. J Hepatol 1995; 22: 696-699 [PMID:
7560864]
Ohno O, Mizokami M, Wu RR, Saleh MG, Ohba K, Orito E,
Mukaide M, Williams R, Lau JY. New hepatitis C virus (HCV)
genotyping system that allows for identification of HCV genotypes
1a, 1b, 2a, 2b, 3a, 3b, 4, 5a, and 6a. J Clin Microbiol 1997; 35:
201-207 [PMID: 8968908]
Sharafi H, Pouryasin A, Alavian SM, Behnava B, Keshvari
M, Mehrnoush L, Salimi S, Kheradvar O. Development and
Validation of a Simple, Rapid and Inexpensive PCR-RFLP Method
for Genotyping of Common IL28B Polymorphisms: A Useful
Pharmacogenetic Tool for Prediction of Hepatitis C Treatment
Response. Hepat Mon 2012; 12: 190-195 [PMID: 22550527 DOI:
10.5812/hepatmon.849]
European Association for the Study of the Liver. EASL recom
mendations on treatment of hepatitis C 2014. J Hepatol 2014; 61:
373-395 [PMID: 24818984 DOI: 10.1016/j.jhep.2014.05.001]
Sharieff KA, Duncan D, Younossi Z. Advances in treatment of
chronic hepatitis C: ‘pegylated’ interferons. Cleve Clin J Med 2002;
69: 155-159 [PMID: 11990646]
Shepherd J, Brodin H, Cave C, Waugh N, Price A, Gabbay J.
Pegylated interferon alpha-2a and -2b in combination with ribavirin
in the treatment of chronic hepatitis C: a systematic review and
economic evaluation. Health Technol Assess 2004; 8: iii-iv, 1-125
[PMID: 15461877]

WJG|www.wjgnet.com

20

21

22
23

24

25

26

27

28

29

30

31

32

8941

Jabbari H, Bayatian A, Sharifi AH, Zaer-Rezaee H, Fakharzadeh
E, Asadi R, Zamini H, Shahzamani K, Merat S, Nassiri-Toosi M.
Safety and efficacy of locally manufactured pegylated interferon
in hepatitis C patients. Arch Iran Med 2010; 13: 306-312 [PMID:
20597564]
Jabbari H, Zamani F, Hatami K, Sheikholeslami A, Fakharzadeh
E, Shahzamani K, Zamini H, Merat S, Malekzadeh R, Sharfi AH.
Pegaferon in hepatitis C: Results of a Multicenter Study. Middle East
J Dig Dis 2011; 3: 110-114 [PMID: 25197541]
Alavi Moghaddam M, Zali MR, Aalaei Andabili SH, Derakhshan
F, Miri SM, Alavian SM. High Rate of Virological Response
to Peginterferon α-2a-Ribavirin Among Non-Cirrhotic Iranian
Hemophilia Patients With Chronic Hepatitis C. Iran Red Crescent
Med J 2012; 14: 466-469 [PMID: 23105981]
Yenice N, Mehtap O, Gümrah M, Arican N. The efficacy of
pegylated interferon alpha 2a or 2b plus ribavirin in chronic hepatitis
C patients. Turk J Gastroenterol 2006; 17: 94-98 [PMID: 16830289]
Muir AJ, Hu KQ, Gordon SC, Koury K, Boparai N, Noviello S,
Albrecht JK, Sulkowski MS, McCone J. Hepatitis C treatment
among racial and ethnic groups in the IDEAL trial. J Viral
Hepat 2011; 18: e134-e143 [PMID: 21108699 DOI: 10.1111/
j.1365-2893.2010.01402.x]
Yan KK, Guirgis M, Dinh T, George J, Dev A, Lee A, Zekry A.
Treatment responses in Asians and Caucasians with chronic hepatitis
C infection. World J Gastroenterol 2008; 14: 3416-3420 [PMID:
18528940]
Lin CY, Sheen IS, Jeng WJ, Huang CW, Huang CH, Chen
JY. Patients younger than forty years old with hepatitis C virus
genotype-1 chronic infection had treatment responses similar
to genotype-2 infection and not related to interleukin-28B
polymorphism. Ann Hepatol 2013; 12: 62-69 [PMID: 23293195]
Gheorghe L, Iacob S, Grigorescu M, Sporea I, Sirli R, Damian
D, Gheorghe C, Iacob R. High sustained virological response rate
to combination therapy in genotype 1 patients with histologically
mild hepatitis C. J Gastrointestin Liver Dis 2009; 18: 51-56 [PMID:
19337634]
Rashidi RNTM, Shah Siya R, Forutan H, Merat SH, Ebrahimi
Daryani N. The Effect of Interleukin 28 B Polymorphism on
Sustained Virology Response (SVR) in Patients with Chronic
Hepatitis C. Govaresh 2010; 15
Keshvari M, Pouryasin A, Behnava B, Sharafi H, Hajarizadeh
B, Alavian SM. Letter: the rs12979860 and ss469415590
polymorphisms of IFNL4 gene are in strong linkage disequilibrium
in Caucasian patients with chronic hepatitis C. Aliment Pharmacol
Ther 2014; 39: 343 [PMID: 24397325 DOI: 10.1111/apt.12589]
Sharafi H, Pouryasin A, Alavian SM, Behnava B, Keshvari M,
Salimi S, Mehrnoush L, Fatemi A. Distribution of IL28B Genotypes
in Iranian Patients with Chronic Hepatitis C and Healthy Individuals.
Hepat Mon 2012; 12: e8387 [PMID: 23550102 DOI: 10.5812/
hepatmon.8387]
Hajarizadeh B, Grady B, Page K, Kim AY, McGovern BH, Cox AL,
Rice TM, Sacks-Davis R, Bruneau J, Morris M, Amin J, Schinkel J,
Applegate T, Maher L, Hellard M, Lloyd AR, Prins M, Geskus RB,
Dore GJ, Grebely J. Interferon lambda 3 genotype predicts hepatitis
C virus RNA levels in early acute infection among people who inject
drugs: the InC(3) study. J Clin Virol 2014; 61: 430-434 [PMID:
25256151 DOI: 10.1016/j.jcv.2014.08.027]
Hajarizadeh B, Grady B, Page K, Kim AY, McGovern BH, Cox AL,
Rice TM, Sacks-Davis R, Bruneau J, Morris M, Amin J, Schinkel J,
Applegate T, Maher L, Hellard M, Lloyd AR, Prins M, Geskus RB,
Dore GJ, Grebely J; the InC3 Study Group. Factors associated with
hepatitis C virus RNA levels in early chronic infection: the InC(3)
study. J Viral Hepat 2015; 22: 708-717 [PMID: 25580520 DOI:
10.1111/jvh.12384]
Domagalski K, Pawlowska M, Tretyn A, Halota W, Tyczyno M,
Kozielewicz D, Dybowska D. Association of IL28B Polymorphisms
With the Response to Peginterferon Plus Ribavirin Combined
Therapy in Polish Patients Infected With HCV Genotype 1 and 4.
Hepat Mon 2013; 13: e13678 [PMID: 24348648 DOI: 10.5812/
hepatmon.13678]

August 7, 2015|Volume 21|Issue 29|

Haj-sheykholeslami A et al . Interferon-λ and response to pegylated interferon
33

34

35

Ydreborg M, Westin J, Rembeck K, Lindh M, Norrgren H,
Holmberg A, Wejstål R, Norkrans G, Cardell K, Weiland O, Lagging
M. Impact of Il28b-related single nucleotide polymorphisms on
liver transient elastography in chronic hepatitis C infection. PLoS
One 2013; 8: e80172 [PMID: 24244641 DOI: 10.1371/journal.
pone.0080172]
Bucci C, von Delft A, Christian A, Flemming VM, Harrison A,
Halliday J, Collier J, Manganis C, Klenerman P, Irving W, Barnes
E. ‘Favourable’ IL28B polymorphisms are associated with a
marked increase in baseline viral load in hepatitis C virus subtype
3a infection and do not predict a sustained virological response
after 24 weeks of therapy. J Gen Virol 2013; 94: 1259-1265 [PMID:
23486666 DOI: 10.1099/vir.0.051052-0]
Abe H, Ochi H, Maekawa T, Hayes CN, Tsuge M, Miki D, Mitsui
F, Hiraga N, Imamura M, Takahashi S, Ohishi W, Arihiro K, Kubo

36

37

M, Nakamura Y, Chayama K. Common variation of IL28 affects
gamma-GTP levels and inflammation of the liver in chronically
infected hepatitis C virus patients. J Hepatol 2010; 53: 439-443
[PMID: 20576307 DOI: 10.1016/j.jhep.2010.03.022]
Cieśla A, Bociąga-Jasik M, Sobczyk-Krupiarz I, Głowacki MK,
Owczarek D, Cibor D, Sanak M, Mach T. IL28B polymorphism
as a predictor of antiviral response in chronic hepatitis C. World
J Gastroenterol 2012; 18: 4892-4897 [PMID: 23002361 DOI:
10.3748/wjg.v18.i35.4892]
Ladero JM, Martin EG, Fernández C, Carballo M, Devesa MJ,
Martínez C, Suárez A, Díaz-Rubio M, Agúndez JA. Predicting
response to therapy in chronic hepatitis C: an approach combining
interleukin-28B gene polymorphisms and clinical data. J
Gastroenterol Hepatol 2012; 27: 279-285 [PMID: 21722179 DOI:
10.1111/j.1440-1746.2011.06834.x]
P- Reviewer: Grassi A, Larrubia JR, Said ZNA S- Editor: Ma YJ
L- Editor: Webster JR E- Editor: Wang CH

WJG|www.wjgnet.com

8942

August 7, 2015|Volume 21|Issue 29|

World J Gastroenterol 2015 August 7; 21(29): 8943-8951
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i29.8943

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Prospective Study

Esophagojejunostomy after laparoscopic total gastrectomy
TM
by OrVil or hemi-double stapling technique
Hao Wang, Qun Hao, Meng Wang, Min Feng, Feng Wang, Xin Kang, Wen-Xian Guan
licenses/by-nc/4.0/

Hao Wang, Meng Wang, Min Feng, Feng Wang, Xin Kang,
Wen-Xian Guan, Department of General Surgery, Drum Tower
Hospital, Medical School of Nanjing University, Nanjing 210008,
Jiangsu Province, China
Qun Hao, Department of Obstetrics and Gynecology, Jinling
Hospital, Medical School of Nanjing University, Nanjing 210002,
Jiangsu Province, China

Correspondence to: Wen-Xian Guan, MD, Department of
General Surgery, Drum Tower Hospital, Medical School of
Nanjing University, No. 321 Zhongshan Road, Nanjing 210008,
Jiangsu Province, China. guanwenxiansci@126.com
Telephone: +86-25-83106666-60996
Fax: +86-21-64085875

Author contributions: Wang H and Hao Q contributed equally
to this study as first co-authors; Wang H and Hao Q participated
in data collection and analysis and wrote the manuscript; Wang
M, Feng M, Wang F and Kang X participated in data collection
and performed the statistical analysis; Guan WX conceived of the
study, participated in its design and provided the critical revision;
all authors read and approved the final manuscript.

Received: December 22, 2014
Peer-review started: December 23, 2014
First decision: February 2, 2015
Revised: March 25, 2015
Accepted: May 7, 2015
Article in press: May 7, 2015
Published online: August 7, 2015

Supported by Grants from the Special Foundation for Young
Scientists of Nanjing City, China.

Abstract

Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of Drum Tower Hospital,
Medical School of Nanjing University.

AIM: To investigate the feasibility, advantages and
disadvantages of two types of anvil insertion techniques for
esophagojejunostomy after laparoscopic total gastrectomy.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: This was an open-label prospective cohort
study. Laparoscopy-assisted radical total gastrectomy with
D2 lymph node dissection was performed in 84 patients
with primary non-metastatic gastric cancer confirmed
by pre-operative histological examination. Overweight
patients were excluded, as well as patients with peritoneal
dissemination and invasion of adjacent organs. After total
gastrectomy, all patients were randomized into two groups.
Patients in Group Ⅰ underwent esophagojejunostomy
TM
using a transorally-inserted anvil (OrVil ), while patients
in Group Ⅱ underwent esophagojejunostomy using
the hemi-double stapling technique (HDST). Both
types of esophagojejunostomy were performed under
laparoscopy. Patients’ baseline characteristics, preoperative
characteristics, perioperative characteristics, short-term
postoperative outcomes and operation cost were compared
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between the two groups. The primary endpoint was
evaluation of the surgical outcome (operating time, time of
digestive tract reconstruction and time of anvil insertion)
and the medical cost of each operation (operation cost
and total cost of hospitalization). The secondary endpoints
were time to solid diet, post-surgical hospitalization time,
time to defecation, time to ambulation and intra-operative
blood loss. In addition, complications were assessed and
compared.

INTRODUCTION
[1]

Surgery is the main treatment for gastric cancer .
Laparoscopy-assisted radical gastrectomy for gastric
[2]
cancer has been used for more than 20 years . The
improvement of these techniques and apparatus
have led to a gradual expansion of the available
laparoscopy-assisted surgical methods for gastric
cancer, allowing a more complete dissection of lymph
[3,4]
nodes
. However, there are still some technical
issues, and reconstruction of the digestive tract after
total gastrectomy is one of these.
Delayed development of laparoscopic total gas
trectomy is mainly attributed to the high technical
requirements for laparoscopic esophagojejunostomy.
Currently, many methods are available for recon
struction of the digestive tract after total gastre
[5-7]
ctomy
. An upper vertical midline incision with
a length of about 5-7 cm in the abdominal wall is
usually used to perform esophagojejunostomy after
laparoscopic total gastrectomy. The length of the
incision might even reach 8-11 cm in some obese
[8]
patients, resulting in a more invasive treatment .
Side-to-side esophagojejunal anastomosis has been
used for many years. This method has a large anas
tomotic diameter and anastomotic stricture is not
easy to perform after surgery, but could solve some
[7,9,10]
problems of esophagojejunostomy
. End-to-side
esophagojejunal anastomosis is still a widely used
[11]
anastomotic method . However, some procedures
are very difficult to perform, such as placement of
the stapler anvil on the esophageal stump. If an open
operation is performed, the first step of this process
is to perform a purse-string suture of the lower edge
of the esophagus. However, this procedure is difficult
under laparoscopy, and could easily lead to potential
problems in the operation, failure in anastomosis and
prolonged surgery.
Many methods have been suggested for improving
[12-15]
the placement of anvils under laparoscopy
; how
ever, there is no consensus about their use. Currently,
the major methods of anvil insertion involve transoral
and intra-abdominal placements. The transorallyTM [16]
inserted anvil (OrVil )
and the hemi-double stapling
[17]
technique (HDST) were recently developed. Although
these two techniques have only been used for a short
period, they have attracted much attention because
they are simple and omit the need for a purse-string
[18-21]
TM
suture of the esophagus
. The OrVil technique
inserts the stapler anvil through a transoral esophageal
approach. A tube is connected with the central rod
of the stapler. The tube is inserted in the esophagus
and pulled out from the esophageal stump, and the
anvil is placed under the guide of the tube. In the

RESULTS: Laparoscopic total gastrectomy and esopha

gojejunostomy were successfully performed in all 84
patients, without conversion to laparotomy. There were no
significant differences in the operative time and time for
total gastrectomy between the two groups (287.8 ± 38.4
min vs 271.8 ± 46.1 min, P = 0.09, and 147.7 ± 31.6 min
vs 159.8 ± 33.8 min, P = 0.09, respectively). The time for
digestive tract reconstruction and for anvil insertion were
significantly decreased in Group Ⅱ compared with Group I
(47.8 ± 12.1 min vs 55.4 ± 15.7 min, P = 0.01, and 12.6 ±
4.7 min vs 18.7 ± 7.5 min, P = 0.001, respectively). Intraoperative blood loss (96.4 ± 32.7 mL vs 88.2 ± 36.9 mL, P
= 0.28), time to defecation (3.5 ± 0.9 d vs 3.2 ± 1.1 d, P
= 0.12), time to ambulation (3.9 ± 0.7 d vs 3.6 ± 1.1 d, P
= 0.12), time to solid diet (7.6 ± 1.4 d vs 8.0 ± 2.7 d, P =
0.31) and total hospitalization (10.6 ± 2.6 d vs 10.8 ± 3.5 d,
P = 0.80) were similar between the two groups. In addition,
the total costs of hospitalization were similar between the
two groups (73848.7 ± 11781.0 RMB vs 70870.3 ± 14003.5
RMB, P = 0.296), but operation cost was significantly higher
in Group I compared with Group Ⅱ (32401.9 ± 1981.6 RMB
vs 26961.9 ± 2293.8 RMB, P < 0.001).

CONCLUSION: Anvil insertion was faster and easier
TM

using the HDST technique compared with OrVil , and was
more cost-effective. There was no significant difference in
safety.

Key words: Laparoscopy; Gastrectomy; Gastric cancer;
Esophagojejunostomy; Cohort analysis

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

Core tip: Reconstruction of the digestive tract after total
gastrectomy is technically difficult using laparoscopy. This
study investigated two different methods to simplify this
TM
technique: a transorally inserted anvil (OrVil ) and the
hemi-double stapling technique (HDST). The patients
were randomized for comparison of these methods after
laparoscopy-assisted radical total gastrectomy with D2
lymph node dissection. Both methods had similar safety
and operation success. However, anvil insertion was faster
TM
and easier with HDST than with OrVil , and was more
cost-effective.

Wang H, Hao Q, Wang M, Feng M, Wang F, Kang X, Guan WX.
Esophagojejunostomy after laparoscopic total gastrectomy by
OrVilTM or hemi-double stapling technique. World J Gastroenterol
2015; 21(29): 8943-8951 Available from: URL: http://www.
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HDST method, the anvil is inserted through the lower
esophagus, and the needles and threads are pulled out
from the anterior wall of the esophagus. Subsequently,
the lower esophagus is closed, and finally, the anvil is
pulled out from the anterior wall close to the esophageal
stump guided by the needles and threads, thereby
completing the anvil insertion. In this technique, the
anvil is inserted in a lower-upper pattern, and pursestring suturing is not required. These two methods are
skillfully designed, simple and practical, and they can be
completely mastered after simple training. However, it
is not clear which of these methods is the best one.
TM
Therefore, this study used either OrVil or HDST
anvil insertion methods to perform esophagojeju
nostomy after laparoscopic total gastrectomy and
compared the effectiveness of these two methods in an
open-label prospective cohort study. The results should
provide important information on selection of the best
method for anvil insertion for esopagojejunostomy in
the clinical practice.

implemented using individual sealed envelopes (n
= 84) prepared in advance by a statistician, and
envelopes were opened by the surgeon according to
the operation order. Researchers were blinded to the
study grouping.
The primary endpoint was evaluation of the sur
gical outcome (operating time, time of digestive tract
reconstruction and time of anvil insertion) and the
medical cost of each operation (operation cost and
total cost of hospitalization). The secondary endpoints
were time to solid diet, post-surgical hospitalization
time, time to defecation, time to ambulation and intraoperative blood loss. In addition, complications were
assessed and compared.

Clinical data collection

Background demographic and clinical data were
collected from the patients’ medical records. The
surgical evaluations (time for the procedures and
blood loss) were collected during the procedure. The
post-surgical information was collected by the clinical
nursing staff. The patients were followed-up once
every two months for the first postoperative year, and
once every three months for the second postoperative
year.

MATERIALS AND METHODS
Patients

Patients with gastric cancer and who were admitted
to the Department of General Surgery, Drum Tower
Hospital, Medical School of Nanjing University, Nan
jing, China from May 2011 to October 2013 were
approached for participation in this study. Inclusion
criteria were: (1) willing to participate in the study;
(2) male or female subjects aged ≤ 75 years; (3)
newly diagnosed gastric adenocarcinoma confirmed
by gastroscopy and histopathology; and (4) body
2
mass index (BMI) ≤ 26.0 kg/m . Exclusion criteria
were: (1) severe cardiac, hepatic or renal insufficiency,
or hematopoietic dysfunction; (2) paraaortic lymph
node metastasis or lymph node invasion to major
blood vessels revealed by pre-operative or intraoperative exploration; (3) metastatic gastric cancer; (4)
metastases to the liver, lung and other organ according
to enhanced abdominal CT scan and chest X-ray; (5)
tumor invasion into adjacent organs revealed by preoperative examination or intra-operative exploration;
(6) peritoneal dissemination; or (7) carcinoma of the
gastric cardia involving the esophagus.
The study was approved by the Ethics Committee
of the Drum Tower Hospital, Medical School of Nanjing
University, Nanjing. Written informed consent was
obtained from all participants.

Surgical procedure

In accordance with other Asian countries, but in contrast
to many Western countries, D2 lymphadenectomy
[1]
was performed for all patients . All surgeries were
performed by the same surgeon and the same
surgical team. Prior to the completion of this study, the
surgeon and all members of the group had performed
laparoscopic gastrectomy for more than 50 cases.
Patients were placed in the supine position, with
legs wide apart. The surgeon stood on the left side
of the patient, with the assistant on the right side
and the laparoscope holder between the patient’s
two legs. A CO2 pneumoperitoneum was established
by CO2 injection through an umbilical port, and the
10-mm port served as the observation port for the
laparoscope. A 12-mm port was used on the left
anterior axillary line below the costal margin, as the
main operating port. A 5-mm port 5 cm to the left side
of the umbilicus served as the auxiliary operating port,
while a 12-mm port on the right anterior axillary line
below the costal margin and a 5-mm port superior to
the umbilicus on the right midclavicular line were used
as the assistant operating ports.
Total gastrectomy and lymph node dissection were
performed. The stomach was dissected along the left
gastrocolic ligament, the roots of the left gastroepiploic
vessels and short gastric arteries were ligated, and
lymph nodes 4sa and 4sb were dissected. The right
gastroepiploic artery and vein were ligated along the
right pancreatic surface and the sixth group of lymph
nodes was dissected. The stomach was dissected along
the gastroduodenal artery and the common hepatic

Study design

This was an open-label prospective cohort study.
After resection of the stomach and lymph node
dissection, all subjects were randomized into two
groups using a computer-generated random number
table in a 1:1 ratio. Patients in Group Ⅰ underwent
TM
esophagojejunostomy using OrVil , while patients
in Group Ⅱ underwent HDST. Randomization was
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A

B

D

E

C

Figure 1 OrVilTM procedure. A: The central rod of the anvil connected with a tube; B: The lower esophagus was dissociated, and the esophagus was closed and cut; C:
The tube of the OrVilTM system was transorally inserted into the esophagus, and the head of the tube was pulled out from the small hole at the end of the esophagus; D:
The tube was pulled out until the anvil that connected with the end of the tube reached the esophageal stump; E: The connection line between the tube and anvil was
cut down, and the tube was pulled out.

artery, and the root of the right gastric artery was
ligated. Lymph nodes 5, 8a and 12a were dissected.
The stomach was turned over to the head side, and
the left gastric artery and vein along with the splenic
artery were exposed and ligated. Lymph nodes 7, 9
and 11p were dissected. The duodenum was cut with
a linear stapler (Ethicon Endosurgery; Cincinnati, OH,
United States).
Anvil insertion into the end of the esophagus was
TM
performed using the OrVil system or HDST. Briefly,
TM
the OrVil technique was performed as follows. The
lower edge of the esophagus was fully dissociated, and
the esophagus 3 cm superior to the cardia was cut
down using a linear stapler (Figure 1A-E). The tube
TM
TM
of the OrVil system (OrVil ; Covidien, Mansfield,
MA, United States) was transorally inserted into the
esophagus with the anesthetist’s assistance. Once
the head of the tube reached the esophageal stump,
a small port was pushed into the esophageal stump
using an ultrasound scalpel. The tube was pulled
out from the port until the anvil connecting with the
end of the tube reached the esophageal stump. The
connection line between the tube and the anvil was
cut, and the tube was pulled out.
The HDST method was performed as follows (Figure
2A-E). The tip of the rod on the anvil was sutured
with a needle containing sutures 4-5 cm in length.
The prepared anvil was inserted into the abdomen. An
incision of 2 cm in diameter was cut on the anterior
wall of the cardia. The anvil was longitudinally inserted
into the esophagus until the rod of the anvil was
totally inserted into the esophagus and exceeded the
tangent level of the esophagus. Then, the needle and
thread were pulled out from the anterior wall of the
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esophagus. The esophagus was cut down using a
linear stapler, and the needle and thread were further
pulled outside until the rod of the anvil was completely
pulled out from the anterior wall of the esophagus.
A Roux-en-Y esophagojejunostomy was performed.
A 3.5-cm incision was made 2 cm to the left side
of the umbilicus, and specimens were sampled via
the incision on the abdominal wall. End-to-side
jejunojejunal anastomosis was performed via the
incision, and a jejunal portion of about 50 cm in length
was retained. The circular stapler was inserted into the
jejunum and temporarily fixed with rubber bands. The
anastomotic device and small intestine were placed
into the abdomen, and a pneumoperitoneum was reestablished by clipping the abdominal wall with towel
forceps. End-to-side esophagojejunal anastomosis
was performed under a laparoscope, and the jejunal
stump was closed using a linear stapler. Digestive tract
reconstruction was performed, and a drainage tube
was routinely placed beside the anastomotic stoma.

Statistical analysis

All data are expressed as mean ± standard deviation
(SD). All statistical analyses were performed using SPSS
17.0 (IBM, Armonk, NY, United States). Continuous
variables were compared using the Student’s t test if
the variances in both groups were equal; otherwise,
the Welch’s t test was used (time of post-surgical
hospitalization). Categorical data (sex, TNM stage,
tumor site) were compared with the Fisher’s exact test.
A P value < 0.05 was considered statistically significant.
The statistical methods of this study were reviewed
by Dr Guan from Drum Tower Hospital, Medical School
of Nanjing University, Nanjing.
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A

B

C

D

E

Figure 2 Hemi-double stapling technique procedure. A: The tail of the central rod of the anvil was sutured with sutures that contained a needle; B: The anvil with
needle-containing sutures was inserted into the esophagus via the incision on the lower edge of the esophagus; C: The needle was inserted through the anterior wall
of the esophagus, and the needle and sutures were pulled out from the anterior wall of the esophagus; D: The lower edge of the esophagus was closed off and cut
down using a linear cutter; E: The sutures were further retracted until the central rod of the anvil was completely pulled out.

difficulty. All 84 patients underwent successful esopha
gojejunostomy, without conversion to laparotomy. The
mean operative time was 287.8 ± 38.4 min in GroupⅠ,
including 147.7 ± 31.6 min for total gastrectomy
and lymph node dissection, and 55.4 ± 15.7 min for
digestive tract reconstruction. The mean operative time
was 271.8 ± 46.1 min in Group Ⅱ, including 159.8
± 33.8 min for total gastrectomy and lymph node
dissection, and 47.8 ± 12.1 min for digestive tract
reconstruction.
There was no significant difference in the mean
operative time, and in the mean time for total gas
trectomy and lymph node dissection between the two
groups (P > 0.05). The mean time for stapler anvil
TM
insertion using the OrVil system was 18.7 ± 7.5 min,
while it was 12.6 ± 4.7 min with HDST (P < 0.05),
indicating that anvil insertion took less time when the

RESULTS
Patient enrollment

Figure 3 presents the patients’ flowchart. Eightyseven patients were initially included in the study,
but three were excluded because of tumor invasion
or metastasis. Therefore, 84 patients were finally
included and randomized.

Baseline characteristics

There was no significant difference in age, BMI, tumor
location and TNM stage between the two groups (Table
1). There were 24.4 and 26.7 lymph nodes dissected
in groups Ⅰ and Ⅱ, respectively (P > 0.05).

Primary endpoint

The primary endpoint of the study was the surgical
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87 patients with
gastric cancer and
meeting inclusion
criteria

3 patients were excluded. Exploratory
surgery confirmed gastric tumor invasion
of the pancreas in one case and peritoneal
metastases in two cases

84 patients underwent laparoscopic
total gastrectomy and digestive tract
reconstruction

Group Ⅰ
TM
OrVil
n = 42

Group Ⅱ
HDST
n = 42

Figure 3 Patients’ flowchart. Flowchart of the subject inclusion and allocation into group Ⅰ and group Ⅱ for the different insertion techniques for
esophagojejunostomy. HDST: Hemi-double stapling technique.

Table 1 Clinicopathological characteristics
OrVil
Sex (M/F)
Age
BMI (kg/m2)
Resection margin (cm)
Length of surgical incision
Number of retrieved
lymph nodes
TNM Stage
ⅠA
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
Tumor Site
Cardia and gastric fundus
Body of stomach

TM

31/11
58.4 ± 8.0
23.1 ± 2.5
2.9 ± 0.7
3.9 ± 0.6
24.4 ± 6.8

Table 2 Comparison of surgery-related variables between the
two groups
HDST

27/15
56.5 ± 7.9
22.5 ± 2.7
2.8 ± 0.5
3.7 ± 0.7
26.7 ± 5.5

P value
Variable

0.345
0.28
0.28
0.40
0.38
0.09

Time of surgery (min)
Time of lymph node
dissection and total
gastrectomy (min)
Time of digestive tract
reconstruction (min)
Time of anvil insertion (min)
Intra-operative bleeding
volume (mL)
Time of defecation (d)
Time to get out of bed (d)
Time to post-surgical
eating (d)
Time of post-surgical
hospitalization (d)

0.802
4
13
10
7
5
3

7
12
8
10
3
2

31
11

25
17

0.165

Group Ⅰ
(n = 42)

Group Ⅱ
(n = 42)

P value

287.8 ± 38.4
147.7 ± 31.6

271.8 ± 46.1
159.8 ± 33.8

0.09
0.09

55.4 ± 15.7

47.8 ± 12.1

0.011a

18.7 ± 7.5
96.4 ± 32.7

12.6 ± 4.7
88.2 ± 36.9

0.001a
0.28

3.5 ± 0.9
3.9 ± 0.7
7.6 ± 1.4

3.2 ± 1.1
3.6 ± 1.1
8.0 ± 2.7

0.12
0.12
0.31

10.6 ± 2.6

10.8 ± 3.5

0.80

a

P < 0.05, Group Ⅰ vs Group Ⅱ. Data presented as mean ± SD.

HDST: Hemi-double stapling technique; BMI: Body mass index; TNM:
Tumor node metastasis.

HDST technique was used, and the mean time of the
digestive tract reconstruction was, accordingly, shorter
(Table 2).
The total costs of hospitalization were 73848.7 ±
11781.0 RMB in Group Ⅰ , including operation cost
of 32401.9 ± 1981.6 RMB, and 70870.3 ± 14003.5
RMB in Group Ⅱ, including operation cost of 26961.9
± 2293.8 RMB. The operation cost in Group Ⅱ was
significantly lower than in Group Ⅰ (P < 0.001) but the
total cost of hospitalization was not different between
the two groups (P = 0.296) (Figure 4).

the mean time of hospitalization was 10.4 ± 2.6 d. In
Group Ⅱ, the mean intra-operative bleeding volume
was 88.2 ± 36.9 mL, the mean time to defecation was
3.2 ± 1.1 d, the mean time to ambulation was 3.6 ±
1.1 d, the mean time to post-surgical eating was 8.0 ±
2.7 d and the mean time of hospitalization was 10.8 ±
3.5 d. There was no significant difference in all these
parameters between the two groups (all P > 0.05)
(Table 2). The mean distance from the surgical margin
was 2.9 ± 0.7 cm and 2.8 ± 0.5 cm on proximal
esophagus to the cancer in the patients with carcinoma
of gastric cardia from Groups Ⅰ and Ⅱ, respectively.

Secondary endpoints

Adverse events

In Group Ⅰ, mean intra-operative blood loss was 96.4
± 32.7 mL, the mean time to defecation was 3.5 ± 0.9
d, the mean time to ambulation was 3.9 ± 0.7 d, the
mean time to post-surgical eating was 7.6 ± 1.4 d and
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No residual cancer tissue was found in all cases. A
high post-surgical short-term therapeutic efficacy was
achieved in both groups with no bile reflux.
Intra-operative complications occurred in some
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and skill from the surgeon. When purse-string su
turing is required, a lot of surgical time is consumed.
Therefore, most surgeons are reluctant to perform such
TM
[22-24]
[25,26]
procedures. Both the OrVil system
and HDST
have been shown to simplify esophagojejunostomy,
with high success rates and few requirements for
transfer to laparotomy. To our knowledge this is the
first randomized study to compare these two methods
after total gastrectomy, although one previous study
compared these methods on a smaller cohort alongside
a conventional anvil head method and side-to-side
[21]
esophagojejunostomy with a linear stapler . That study
TM
showed that surgery with OrVil was similar in time
course to a more traditional method and concluded that
none of the methods tested were entirely satisfactory.
In the present study, the mean time of digestive tract
TM
anastomosis was 55.4 min using the OrVil system
and 47.8 min using the HDST technique. In addition,
the mean time for stapler anvil insertion was 18.7 min
TM
using the OrVil technique and 12.6 min using the
HDST technique. Both of these techniques completed
anvil insertion in a short time period, indicating that
they were simple and easy to perform. Anvil insertion
TM
using the OrVil technique took a longer time than the
HDST technique, which might be attributed to transoral
placement procedures. In addition, the flexible tube
operated by the anesthesiologist was difficult to control.
In order to enable the head of the tube to be fixed in
a good position, repeated adjustment was required
that led to a longer operation time. However, due to
omission of purse-string suturing, these two methods
exhibited a significant superiority over the traditional
purse-string suture methods in terms of the time of
operation, which in our experience take approximately
20-25 min longer.
An important factor in survival after total gas
trectomy is achieving a negative surgical margin. This is
influenced by a number of factors, but most importantly
[27]
the extent of the tumor and the extent of surgery .
The mean distance between the surgical margin on
the proximal esophagus and the tumor is an important
[28]
marker for a negative surgical margin . If an open
operation is performed, the surgical margin of the
esophagus can reach 3-5 cm superior to the cardia. In
the present study, among the 56 cases with carcinoma
involving the gastric cardia, the mean distance between
the surgical margin on the proximal esophagus and the
cancer was about 3 cm, and no residual cancer tissues
were observed, which ensured the completion of tumor
resection.
Comparison of open and laparoscopic techniques for
total gastrectomy suggests that these methods have
similar outcome and success rates, but laparoscopic
total gastrectomy can be associated with an increased
[29]
complication rates in comparison with open surgery .
The most common of these complications is an ana
stomotic fistula, although recent laparoscopic methods
have shown decreased rates as the techniques have

Group Ⅰ
Group Ⅱ

90000
80000

Cost (RMB)

70000
60000
50000

P < 0.001

40000
30000
20000
10000
0

Total

Operation
Type of cost

Figure 4 Comparison of the total cost of hospitalization and operation
between the two groups. Dark grey represents the cost using the OrVilTM
system (Group Ⅰ) and light grey represents the cost using the hemi-double
stapling technique (HDST) method (Group Ⅱ). The cost of operation using the
OrVilTM system was significantly greater than that of using the HDST method (P
< 0.001, Group Ⅰ vs Group Ⅱ).

patients. After surgery, two cases with atelectasis,
two cases with incision dehiscence and three cases
with throat pain were observed in Group Ⅰ. One case
had pleural effusion and one case had esophagealjejunal anastomotic fistula (diagnosed by radiographic
examination) in Group Ⅱ , which was cured with
drainage and enteral nutrition for 18 d.
All patients were followed up for 10-28 mo after
surgery, with a median follow-up period of 16 mo.
During follow-up, other adverse events occurred.
Four patients, two in each group, suffered from an
esophageal-jejunal anastomotic stenosis (difficulty in
swallowing, which was confirmed by esophagography)
that was relieved by endoscopic dilatation. In GroupⅠ,
one case had peritoneal implantation metastases 7 mo
postoperatively and died 14 mo postoperatively. Another
case had a liver metastasis and entered remission with
chemotherapy. In Group Ⅱ, one case had peritoneal
implantation metastases 9 mo postoperatively and
entered remission with chemotherapy.

DISCUSSION
The aim of the present trial was to compare two different
methods of anvil insertion for esophagojejunostomy
after laparoscopic total gastrectomy, primarily in terms
of surgical difficulty. All procedures were successfully
completed during the 84 total gastrectomy surgeries
in patients with gastric cancer. In addition, no technical
problems occurred in any case during the reconstruction
of the digestive tract and none of the cases needed
conversion to laparotomy or expansion of the surgical
incision, indicating that these two methods had a high
reliability and stability.
Novel methods have been introduced for esopha
gojejunostomy because of the technical difficulties of
this procedure in a laparoscopic setting. Purse-string
suturing is a difficult technique to perform in a narrow
space with a restricted view, which requires experience
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[30]

improved . Of the 84 patients who underwent
esophagojejunostomy, anastomotic fistula occurred in
only one case from Group Ⅱ. This case was diagnosed
as esophageal-jejunal anastomotic micro-fistula using
radiographic examination and was cured with postsurgical drainage and enteral nutrition. If anastomosis
is unsatisfactory, it is suggested that the suture be
strengthened and the drainage tube be routinely
indwelled beside the anastomotic stoma. Radiographic
examinations should be performed in some suspected
patients prior to removal of the drainage tube in order
to exclude anastomotic fistula.
Anastomotic stenosis is another complication
commonly observed in patients after undergoing
laparoscopic total gastrectomy. In the present study,
4 out of 84 patients developed anastomotic stenosis.
[21]
Shim et al reported that anastomic stenosis occurred
in 5 out of 26 patients after esophagojejunostomy
TM
using the OrVil and HDST techniques. Umemura
[31]
et al
reported that the incidence of stenosis after
esophagojejunostomy using a linear stapler was only
1.8%. Therefore, we suggest that the incidence of
anastomotic stenosis after esophagojejunostomy using
circular stapler methods was higher than that using a
linear stapler. However, further study is necessary to
address this issue.
Based on previous reports, some surgeons have
made several modifications to these two surgical
methods with the aim of overcoming the corresponding
TM
shortcomings. Indeed, the OrVil technique often
[26]
results in a dog ear, and Hirahara et al tried to solve
this issue with a loop-shaped thread wrapped around
the esophageal stump opening. With this modification,
esophagojejunostomy was completed without a dogear. This approach may decrease the incidence of
anastomotic fistula, but studies with larger sample
size are required to support this assertion due to the
[19]
small number of cases in this study. Muguruma et al
described a similar technique based on the procedure
[17]
described by Omori et al , except that they used
TM
the OrVil anvil instead of the ECS25 (Ethicon EndoTM
Surgery stapler). It was found that the OrVil anvil
was much easier to use and that surgeons with
relatively little experience in gastric laparoscopy were
able to conduct the operation and avoid complications.
The median operative time was 318 min including 5
min for the placement of the anvil on the esophageal
stump. Compared with these two retrospective
studies, the present study focused on the prospective
comparison between the two methods. We believe that
these two methods for esophagojejunostomy will gain
an increasing recognition, and will be widely used by
more and more surgeons.
TM
Compared with the HDST technique, the OrVil
system requires a specific stapler and has a higher
cost, while the HDST technique does not need a
specific stapler and has a relatively low cost. Therefore,
the use of the HDST technique might be more practical
in undeveloped areas of the world.
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The present study has some limitations. As the
main purpose of the study was to evaluate two different
methods of anvil insertion for esophagojejunostomy,
we did not collect detailed data on tumor differentiation
status, since these would not generally impact upon
the surgical difficulty. If these data had been collected,
a more detailed comparison between the groups and
long-term outcomes could be performed. A larger
multicenter study would also add more data and
provide more convincing evidence for the most suitable
anvil insertion method. A longer follow-up period would
provide more information on the long-term effects of
surgery and should be considered in future studies.
TM
In summary, we conclude that the OrVil and
HDST techniques were simple and reliable without
any significant differences in safety and difficulty of
operation. Both were reliable techniques for laparoscopic
esophagojejunostomy.
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difficulty of the reconstruction. Although various types of esophagojejunal
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be established. The placement of the stapler anvil is one of the limiting steps of
laparoscopic total gastrectomy.

Research frontiers
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Abstract
AIM: To comprehensively review and quantitatively
summarize results from intervention studies that
examined the effects of intact cereal dietary fiber on
parameters of bowel function.
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METHODS: A systematic literature search was con
ducted using PubMed and EMBASE. Supplementary
literature searches included screening reference lists
from relevant studies and reviews. Eligible outcomes
were stool wet and dry weight, percentage water in
stools, stool frequency and consistency, and total transit
time. Weighted regression analyses generated mean
change (± SD) in these measures per g/d of dietary
fiber.
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RESULTS: Sixty-five intervention studies among
generally healthy populations were identified. A
quantitative examination of the effects of non-wheat
sources of intact cereal dietary fibers was not possible
due to an insufficient number of studies. Weighted
regression analyses demonstrated that each extra
g/d of wheat fiber increased total stool weight by
3.7 ± 0.09 g/d (P < 0.0001; 95%CI: 3.50-3.84), dry
stool weight by 0.75 ± 0.03 g/d (P < 0.0001; 95%CI:
0.69-0.82), and stool frequency by 0.004 ± 0.002
times/d (P = 0.0346; 95%CI: 0.0003-0.0078). Transit
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time decreased by 0.78 ± 0.13 h per additional g/d (P
< 0.0001; 95%CI: 0.53-1.04) of wheat fiber among
those with an initial transit time greater than 48 h.

etiologies , including certain medications, abuse of
laxatives, hormonal disorders and inadequate dietary
fiber intakes. Suboptimal dietary fiber consumption
is increasingly a global concern, as average intakes
are well below recommendations across many
[10,11]
countries
. This creates considerable clinical and
public health opportunities to identify strategies that
will increase dietary fiber intakes to improve bowel
function and help prevent digestive disorders. In
addition, increasing dietary fiber consumption offers
a safer and cost-effective alternative to laxatives for
[5]
preventing or alleviating symptoms of constipation .
Dietary fiber is naturally present in different food
groups, including cereals, vegetables, fruits, beans,
and peas. This review provides an overview of in
tervention studies examining intact cereal dietary
fibers (ICDF), which are derived from any part of
the cereal plant, including the kernel, hull, or stalk
and are minimally processed, although some degree
of processing may be required to obtain the fiberrich portion of the kernel (e.g., milling of bran) or to
improve food functionality or safety (e.g., pearling,
grinding, or bleaching). In contrast, fibers that
are extracted, isolated, or made by chemical or
enzymatic means, such as the synthesis of fibers from
endosperm starch or the enzymatic hydrolysis of long
chain fibers into oligosaccharides are not ICDF and
are not included in this analysis. Cereal bran, the hard
outer layer of a grain kernel, is a highly concentrated
source of dietary fiber: per 100 g, wheat bran contains
43 g fiber, rice bran contains 21 g fiber, and oat bran
[12]
contains 15 g fiber .
Although a large body of literature supports a
[5,13]
role of ICDF, predominately wheat bran fiber
, in
promoting normal, healthy bowel function through
increasing stool weight, past reviews were conducted
[14,15]
more than two decades ago
. Since that time, a
number of intervention studies have been published.
In addition, less is known about the effects of wheat
fiber on other measures of bowel function or the
effectiveness of other ICDF such as those from oat,
barley, rice, corn, and sorghum. Therefore, the pur
pose of the present study was to review, evaluate,
and quantitatively summarize results from published
intervention studies that examined the effects of ICDF
on parameters for healthy bowel function, including
stool wet weight, stool dry weight, percentage water in
stool, stool frequency, intestinal transit time, and stool
consistency. Although the heterogeneity of included
studies does not allow for a meta-analytical approach,
a quantitative estimate using weighted regression
analysis on indicated parameters is provided on the
pooled results of available studies.

CONCLUSION: Wheat dietary fiber, and predominately
wheat bran dietary fiber, improves measures of bowel
function.
Key words: Comprehensive review; Dietary fiber;
Wheat bran; Cereal; Bowel function
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This comprehensive review evaluates available
data on the effects of intact cereal dietary fiber on
bowel function and provides a quantitative summary of
the effect of intact wheat fiber on bowel function using
weighted regression analysis. Insufficient observations
were available from non-wheat cereals for quantitative
analysis. Results found an increase in total stool
weight of 3.7 ± 0.09 g per gram intact wheat fiber.
Transit time decreased by approximately 45 min per
gram intact wheat fiber when initial transit time was
greater than 48 h. Therefore, intact wheat dietary
fiber, predominantly from wheat bran, improves bowel
function.
de Vries J, Miller PE, Verbeke K. Effects of cereal fiber on bowel
function: A systematic review of intervention trials. World J
Gastroenterol 2015; 21(29): 8952-8963 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i29/8952.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i29.8952

INTRODUCTION
Composition, consistency, frequency, and weight of
bowel movements are key indicators of intestinal and
[1]
digestive health . Abnormalities in these factors serve
as diagnostic criteria for prevalent gastrointestinal
[2,3]
disorders such as functional constipation . According
[2]
to the most widely accepted criteria (Rome Ⅲ ) ,
characteristics of functional constipation include
defecation associated with straining, hard stools,
a sensation of incomplete evacuation or anorectal
obstruction, manual maneuvering to facilitate defecation,
and less than three stools per week. Normal, healthy
bowel function, on the other hand, is characterized
by soft, regularly shaped stool that is easy to pass,
and bowel movements occurring twice per day to
[4]
three times per week, depending on the individual .
Functional constipation is a heterogeneous and common
[5]
disorder that affects apparently healthy populations .
Reports of prevalence vary widely, depending on
[6-9]
definition, demographic factors, and sampling , but
[3]
could be as high as 27% .
Constipation and digestive discomfort have multiple
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MATERIALS AND METHODS
Literature search and study selection

A comprehensive literature search using PubMed
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PubMed: n = 220

EMBASE: n = 202

Retrieved for full-text screening: n = 77
(52 experimental studies and 25 reviews)

Irrelevant
reviews: n = 6

Relevant
reviews: n = 19

Eligible experimental
studies (healthy or
diseased population):
n = 36

Irrelevant
experimental
studies: n = 16

Snowball method: n = 71
(1 review and 70 experimental studies)
Eligible experimental studies from
snowball method (healthy or
diseased population): n = 51
Eligible experimental studies from
snowball method or initial search (healthy
or diseased population): n = 87

Experimental studies retained but not
included in meta-analysis (diseased
populations): n = 22

Experimental studies included
in meta-analysis (healthy
populations): n = 65

Figure 1 Literature search flow diagram.

data extraction, but were not included in the present
quantitative analyses. Both controlled and uncontrolled
trials were included in this systematic review. Two
independent reviewers (de Vries J and Verbeke K)
screened the titles and abstracts for relevance to the
systematic review to ensure quality-control. Potentially
eligible articles were reviewed jointly to resolve any
discrepancies.

and EMBASE was performed to identify intervention
studies in human populations through 6 October 2012
(PubMed) and 18 October 2012 (EMBASE) with no
lower date limit. The full search string used in each
database is available in the Online Data Supplement
(Appendix 1). A combination of free text terms, with
different spellings and designed to capture relevant
cereals and grains, fiber or bran, and relevant bowel
function outcomes (e.g., stool, transit, volume, and
bulk), was used. Supplementary literature searches
involved examining the reference lists of all relevant
studies and pertinent reviews to identify articles
not captured in the initial search. The search flow is
illustrated in Figure 1. The review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
[16]
guidelines . The PRISMA checklist is available in the
Online Data Supplement (Appendix 2).
Interventions were considered eligible if the following
criteria were met: (1) the study was performed with
an ICDF; (2) the study was conducted in a human
population aged > 1 year; (3) a relevant outcome
measurement of bowel function, including total stool
weight, stool dry weight, percentage stool water,
number of bowel movements per day, consistency
of stools, or transit time, was examined; and (4) the
publication was written in the English language. Study
populations with underlying gastrointestinal disorders,
such as constipation, diarrhea, irritable bowel
syndrome, diverticular disease, or ulcerative colitis,
were eligible for inclusion in the search strategy and

WJG|www.wjgnet.com

Data extraction and quality assessment

The following general study information was extracted
using FileMaker Pro software: first author; hypothesis;
sex; sample size; study design; duration; physio
logical characteristics of participants; details of the
intervention; details of the control group; background
diet (including fiber content); fiber intervention;
total fiber intake (background diet fiber plus fiber
intervention); dose of food or ingredient in inter
vention; measured outcome parameter; method used
to measure outcome parameter; and description of
any adverse events. Outcome data for total stool
weight (g/d), stool dry weight (g/d), percentage
water in stools, number of bowel movements per
day, consistency of stools, and transit time (h) were
extracted, and included baseline and trial end values,
change-from-baseline values, statistical significance of
change values, and differences in the trial end value
between the intervention and control arm. Lowest
effective dose was identified by visual inspection of the
data as reported in the individual studies.
Study quality was assessed through assignment of
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scores according to two appraisal systems: (1) criteria
developed by the FSANZ for the review of publications
that are considered to support submitted health
[17]
claims (0-15 points) ; and (2) criteria for human
[18]
intervention studies as described by Welch et al (0-20
points).

were separated from studies conducted in diseased
populations. The search yielded 220 references in
PubMed and 202 references in EMBASE, of which
77 articles were retained for full-text screening and
reference list review. The 77 articles included both
original experimental research publications (n = 52)
and reviews (n = 25). Thirty-six of the experimental
studies were deemed eligible and 19 of the review
articles were deemed relevant for screening of re
ference lists (snowball method). Overall, screening
of reference lists from all relevant review articles and
eligible experimental studies resulted in 71 additional
articles (1 review and 70 experimental studies) that
subsequently underwent full-text screening. Fifty-one
of the 71 articles were eligible for inclusion. Therefore,
the 51 eligible experimental studies identified by the
snowball method and the 36 eligible experimental
studies identified in the initial search resulted in a
combined total of 87 experimental studies, 65 of which
were conducted in generally healthy populations and
therefore included in the quantitative analyses. From
the 65 studies, 87 study arms examined the effect
of ICDF on total fecal weight, 47 on dry fecal weight,
36 on percentage fecal water, 43 on stool frequency/
bowel movements, and 57 on transit time.
Primary characteristics, including the first author,
publication year, sex distribution of study population,
type of study design, and the specific ICDF evaluated,
of the 65 interventions are provided in the Online Data
[11,19-82]
Supplement (Appendix 3)
. Fifty-seven percent
of the studies were placebo-controlled, 32% were
randomized, and 6% were single- or double-blinded.
Wheat fiber, and primarily wheat bran fiber (90% of
wheat fiber studies), was the most common dietary
fiber provided in the intervention with 75 observations
in 65 intervention studies. Only 13 of the observations
were ICDF from other sources, including corn (n =
4), barley (n = 3), rye (n = 2), oat (n = 1), rice (n =
1), and sorghum (n = 1). Most publications, also the
more recent ones, provide insufficient details for an
adequate description of the dietary fiber sources used.

Statistical analysis

The included publications report on intervention stu
dies with a diversity of study designs. Therefore, a
meta-analytical approach according to PRISMA criteria
was not feasible. Instead, the potential effect of ICDF
on bowel function parameters was quantitatively
estimated by a weighted regression on the results of
those ICDF that had more than 5 observations per
parameter. A weighted regression by sample size was
chosen because not all publications reported SD on
their results.
Means, standard deviations, and 95%CI for ICDF
dose (g/d) and bowel function parameters were
generated. Weighted regression analyses, in which
data from each published study were weighted by the
number of subjects used in the study, was performed
using SAS version 9.2 (Cary, North Carolina, United
States). The regression analysis was not forced
through zero because the intercept was different from
zero (3.06 ± 1.52 g; P < 0.0439; 95%CI: 0.08-6.03).
Stool consistency was an eligible outcome, but due
to the diversity of both the methods used to estimate
stool consistency and the qualitative reporting of
results, weighted regression analysis was not possible.
For the analysis of total transit time, a multivariable
weighted regression analysis was performed to
account for differences in the relationship with the
intervention fiber amount that depended upon the
initial transit time. Comparisons of the effects of wheat
fiber vs other ICDFs on bowel function parameters
were not feasible due to a limited number of studies
examining other ICDFs.
Data used for the control group differed according
to the type of study. For placebo-controlled trials, data
from the control arm was used. The control in these
studies was most often white wheat, a usual diet, or
a gelatin capsule. In some cases, a positive control,
such as a laxative, cellulose, wheat bran (if another
type of ICDF was examined), or another cereal was
used. For uncontrolled trials, the baseline values of the
intervention group were used as the control. Some
studies conducted a dose-response intervention, in
which case the lowest dose was considered the control.

Stool bulking, stool frequency, and transit time

Table 1 shows the number of comparisons for different
ICDFs and different bowel function outcomes. It
also presents the level of fiber provided across the
interventions. Table 2 presents the mean ± SD and
95%CI effects, plus ranges from the individual studies,
of the fiber intervention on total stool weight (g/d), dry
stool weight (g/d), percentage water in stool (%), and
stool frequency (times/d), as well as the average fiber
intakes provided in the interventions for each of these
outcomes for wheat, barley, and corn. Table 2 also
shows results from the weighted regression analysis
of wheat fiber (per g/d), compared to control, on
change in total and dry stool weight, stool frequency
(number of defecations/day), and transit time (h).
The mean effects and weighted change on bowel

RESULTS
Study characteristics

A flow diagram of the literature search is shown in
Figure 1. The literature search included both healthy
and diseased populations until the final stage, at which
time the studies conducted in healthy populations,
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Table 1 Summary of comparisons for different intact cereal dietary fibers and bowel function outcomes
Source of intact fiber
Total stool weight
Observations1, n
Fiber intervention (g/d), mean ± SD or range2
Dry stool weight
Observations, n
Fiber intervention (g/d), mean ± SD or range2
Fecal water
Observations, n
Level of fiber interv. (g/d), mean ± SD or range2
Stool frequency
Observations, n
Fiber intervention (g/d), mean ± SD or range2
Transit time
Observations, n
Fiber intervention (g/d), mean ± SD or range2

Wheat

Barley

Corn

Oat

Rice

Rye

Sorghum

75
15.2 ± 8.3

3
10.2, 23

4
6.0, 42

1
14.3

2
17.1, 20.7

2
13, 20.6

1
2.5

40
14.7 ± 8.5

1
21

3
6, 42

1
14.3

1
20.7

1
20.6

-

30
16.0 ± 7.4

3
10.2, 23

2
15, 42

-

1
20.7

-

-

34
13.6 ± 6.4

2
21, 23

2
15, 42

-

2
17.1, 20.7

2
20.6, 36.4

1
2.5

52
14.8 ± 8,6

-

-

1
2.7

2
17.1, 20.7

1
20.6

1
2.5

1

May include > 1 observation from studies examining > 1 dose of intact cereal dietary fiber; 2Fiber intakes are shown as mean ± SD of all observations if >
5 observations were available, the range of values from individual studies if 2-4 observations were available, and a single estimate if only one observation
was available.

Table 2 Fiber intakes and effects on total stool weight, dry stool weight, percentage water in stool, stool frequency, and transit
time
Source of intact cereal dietary fiber
Total stool weight
Observations, n
Fiber (g/d), mean ± SD or range
Total effect (g/d), mean ± SD or range
Average fecal bulking index, Δ in g/d stool weight per g/d fiber
Fecal bulking index by regression, Δ in g/d stool weight per g/d fiber
Dry stool weight
Observations, n
Fiber (g/d), mean ± SD or range
Total effect (g/d), mean ± SD or range
Fecal bulking index by regression, Δ in g/d stool weight per g/d fiber
Fecal water
Observations, n
Fiber (g/d), mean ± SD or range
Total effect by regression (∆% water), mean ± SD or range
Stool frequency
Observations, n
Fiber (g/d), mean ± SD or range
Total effect (times/d), mean ± SD or range
Frequency index by regression, Δ in times/d per g/d fiber
Transit time
Observations, n
Fiber (g/d), mean ± SD
Δ in h per g/d fiber by regression (those with initial transit time between 24-48 h)
Δ in h per g/d fiber by regression (those with initial transit time between 48-96 h)

Wheat

Barley

Corn

75
15.2 ± 8.3
65.4 ± 37.8
4.7 ± 2.7
3.67 ± 0.09b
(3.50-3.84)

3
10.2-23
49.6-65
3.6 ± 2.4
-

4
6.0-42
1.2-96.3
2.1 ± 1.5
-

40
14.7 ± 8.5
14.4 ± 9.4
0.75 ± 0.03b
(0.69-0.82)

1
-

3
6-42
4.8-31
0.7-0.9

30
16.0 ± 7.4
1.5 ± 2.1

3
10.2-23
-1.8-10

2
-

34
13.6 ± 6.4
0.34 ± 0.23
0.004 ± 0.002a
(0.003-0.078)

2
-

2
-

52
14.8 ± 8,4
0.78 ± 0.13b
(0.53-1.04)
-0.75 ± 0.04b
(-0.84- -0.67)

0
-

0
-

-

-

a

P < 0.05, bP < 0.01 vs control.
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Figure 2 The delta weight of total fecal output (g/d) related to the amount of intact cereal dietary fiber intervention (g/d) in healthy individuals.

function parameters among interventions that used
ICDF from barley and corn were not estimated given
the limited number of observations (< 5 observations
were available for each). The data of oat, rice, rye, and
sorghum ICDF on these parameters from the individual
studies are listed in the supplemental information
(Appendix 4).
Among the studies included in the quantitative
analysis (wheat fiber studies), mean fiber intakes
ranged from 13.6 ± 6.4 g/d among studies that
examined stool frequency to 16.0 ± 7.4 g/d among
studies that investigated percentage water in stool. On
average, the wheat fiber intervention increased total
stool weight by 65.4 ± 37.8 g/d, dry stool weight by
14.4 ± 9.4 g/d, percentage water in stool by 1.5%
± 2.1%, and stool frequency by 0.34 ± 0.23 bowel
movements per day.
The weighted changes per g/d of wheat fiber intake
were as follows: an increase of 3.7 ± 0.09 g/d (P <
0.0001; 95%CI: 3.50-3.84) for total stool weight;
an increase of 0.75 ± 0.03 g/d (P < 0.0001; 95%CI:
0.69-0.82) for dry stool weight. Weighted regression
analysis of the results of all studies did not reveal an
effect of the fiber intervention on transit time. Upon
stratification by baseline transit time, an increase of
0.78 ± 0.13 h/g (P < 0.0001; 95%CI: 0.53-1.04) of
wheat fiber was observed among those with an initial
transit time of 24-48 h, and a decrease of 0.75 ±
0.04 h/g [P < 0.0001; 95%CI: (-0.84) - (-0.67)] of
wheat fiber was observed among those with an initial
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transit time of 48-96 h. Individual study data on the
change in the bowel function parameters per gram
of wheat fiber intake are shown in Figure 2 for total
stool weight, Figure 3 for dry stool weight, Figure 4
for percentage water in stool, and Figure 5 for stool
frequency. The lowest effective dose of wheat fiber
that significantly increased fecal output, as reported in
one of the included individual intervention studies, was
[53]
5.7 g/d (P < 0.05) .

DISCUSSION
The present review provides the most comprehensive
evaluation to date on the effects of ICDF on multiple
measures of bowel function. Wheat fiber, and primarily
wheat bran fiber, was found to improve measures of
bowel function, including total stool weight, dry stool
weight, and stool frequency, as well as intestinal transit
time among those with an initial transit time greater
than 48 h.
Wheat bran fiber is the most extensively studied
[5,13]
cereal fiber for measures related to bowel function
,
[82]
with the first study dating back more than 90 years .
Leading nutrition and health authorities, including the
[83]
[84]
US Institute of Medicine , Health Canada , and the
[85]
European Food Standards Agency (EFSA) , have
concluded that wheat bran fiber increases stool bulking
and shortens intestinal transit time. In 2010, EFSA
[85]
provided a Scientific Opinion , wherein an unequivocal
cause and effect relationship between the consumption
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Figure 5 The delta number of bowel movements related to the amount of intact cereal dietary fiber intervention (g/d) in healthy individuals.

of wheat bran fiber and an increase in stool bulk and
intestinal transit time was concluded and two health
claims in relation to these intestinal functions were
passed. A health claim was also approved by the
Canadian Food Inspection Agency after the agency
concluded that wheat bran promotes laxation and
[84]
regularity . Furthermore, wheat bran is considered the
benchmark against which other fibers are compared
[84]
for their effects on regularity . Compared to wheat
bran fiber, less is known concerning the effects of other
sources of ICDF on bowel function, largely because far
fewer studies have been conducted on other ICDF.
Given the heterogeneity in study designs utilized
in the individual studies, a weighted regression, rather
than a traditional meta-analysis, was considered to be
a superior method to examine the effect of wheat fiber
on stool parameters. The average fecal bulking index,
reported in Table 2, provides an indicative estimate of
effect of ICDF from wheat (75 observations), barley (3
observations) and corn (4 observations) on total fecal
bulking. These results indicate that wheat bran might
have the best properties to increase total fecal bulk.
Different sources of dietary fiber are not equal in
their functionality and effects on bowel function, as
evidenced by Health Canada using wheat bran as
[84]
[14]
the gold standard fiber . Cummings
evaluated
nearly 100 interventions, published from 1932 to
1991, on dietary fiber and fecal weight, and compared
the effectiveness of different sources of fiber. Among
41 interventions that examined wheat fiber-which
consisted largely of wheat bran-the mean increase
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in fecal weight per g/d of wheat fiber was 5.4 g.
The mean increases in fecal weight per g/d of other
sources of fiber were smaller in magnitude: fruit and
vegetables (4.7 g), gums and mucilages (3.7 g),
cellulose (3.5 g), oats (3.4 g), corn (3.3 g), legumes
(2.2 g), and pectin (1.2 g). Of note, findings for the
other cereal sources of ICDF were from fewer studies.
Nevertheless, based on the available evidence,
wheat fiber was the most effective source of fiber for
increasing fecal weight.
The varying effects of different dietary fibers on
fecal bulking are likely related to different underlying
mechanisms of action. The effects of wheat bran
fiber on stool weight are largely attributable to its
high resistance to fermentation by colonic bacteria,
combined with its water binding capacity (1 g of fiber
binds about 3 g of water), therefore contributing to a
stronger effect on increasing stool bulking compared
to more easily fermented ICDF, such as those from
[14,86,87]
oats and barley
. The resulting increased volume
of fecal mass stimulates colonic movement, thereby
helping to reduce transit time and increase stool
[14]
frequency .
Since the review on fiber and bowel function
[14]
conducted by Cummings more than 40 interventions
have been published, 30 of which were in healthy
populations and therefore included in the present
evaluation. The heterogeneity of the included studies
did not allow for a meta-analytical approach according
to PRISMA requirements. Therefore, a weighted
regression analysis by sample size was conducted
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as an alternative approach to achieve a quantitative
[14]
estimate. Similar to the findings by Cummings , an
increase in fecal weight was observed in the current
analysis. The smaller estimated increase in fecal
weight, compared to the earlier review (3.7 g/d vs
[14]
5.4 g/d) , is likely due to the weighted regression
method applied in the present analysis, in which the
regression equation was not forced through zero, thus
influencing the slope of the regression line. Based on
a visual inspection of a funnel plot on the total stool
weight data (Appendix 5), publication bias is unlikely
the cause of the positive intercept of the regression.
Furthermore a greater number of placebo-controlled
trials were included in the present analysis.
In addition, changes in other bowel function
parameters, such as stool frequency, transit time, dry
stool weight, and percentage water in stools were also
quantitatively evaluated; studies on stool composition
were too heterogeneous to allow for a quantitative
approach. Provision of wheat fiber showed beneficial
effects on dry stool weight and stool frequency, as well
as on intestinal transit time among those with an initial
transit time greater than 48 h. This arbitrary level of
48 h was used because normal stool frequency was
considered to be between 1 to 2 bowel movements
per day. When transit time is already optimal, i.e.,
between 24 and 48 h, additional dietary fiber would
[88]
not be expected to alter transit . Adding dietary fiber
that is resistant to fermentation does not increase the
overall percentage of water as the amount of water
bound by the fiber is similar to the average water
content of fecal samples (about 75%).
Different methodologies were used in the dif
ferent studies to determine transit time. First,
several markers, including indigestible dye, radioopaque markers, poly-ethylene glycol, and chromium
sesquioxide, were used to estimate transit time.
Secondly, transit time was calculated in different
ways based on the recovery of the markers in the
[32]
feces. Cummings et al demonstrated that the mean
transit time method with a single dose estimate was
approximately 15% lower compared to an estimate
[51]
with the 80% method. Wrick et al
examined the
use of radio-opaque pellets, poly-ethylene glycol and
chromium sesquioxide as markers to estimate transit
time and concluded that there was no significant
difference in transit time estimates between marker
types. It remains possible that the different methods
may yield different estimates of transit time. However,
an analysis stratified by the type of methodology to
estimate transit time would have lowered the power of
the analysis. We concluded that a weighted regression
analysis on all available data, categorized according to
initial transit time with a cut off point of 48 h, provided
the best estimate on the effects of ICDF on transit
time.
Inadequate dietary fiber intake is increasingly a
global concern, as average intakes are well below
[10,11]
recommendations across many countries
. The
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International Life Sciences Institute Europe Dietary
Carbohydrates Task Force summarized sex-specific
dietary fiber consumption across nine European
countries, in addition to the United States and
[10]
Japan . The resulting report found that average
dietary fiber intakes were below the lower end of the
World Health Organization recommendation (25-40
[89]
g/d) , with only a few exceptions. These findings
have potentially serious health consequences beyond
[60,83]
impaired bowel function
. Inadequate dietary
fiber intakes have been associated with increased risk
for type 2 diabetes, cardiovascular disease, certain
cancers, weight gain, diverticular disease, obesity, and
[60,83]
constipation
. Given the high content of dietary
fiber in wheat bran (43 g compared to 21 g in rice bran
[12]
and 15 g in oat bran, per 100 g ), wheat bran can
play an important role in helping individuals increase
overall dietary fiber intakes. Increasing wheat bran
intake is a relatively simple dietary strategy to improve
bowel function.
A notable strength of this research is the large
volume of studies evaluated (n = 65), highlighting
its comprehensive and inclusive nature on ICDF and
bowel function. A number of parameters of bowel
function that had not been quantitatively evaluated
previously were examined, which is a substantial
contribution to the literature. In addition, this review
includes 20 years of research since the last review
[14]
by Cummings . Several limitations should also be
considered. Due to the exhaustive and inclusive nature
of this review, a large number of included interventions
were uncontrolled trials, and most studies were
not randomized. Therefore, observed changes in
parameters for healthy bowel function cannot be fully
attributed to the intervention, as the placebo effect
[90]
remains possible . In addition, proper quantitative
evaluations of the effects of other ICDF were not
feasible due to the limited available data. Future
studies that examine other ICDF will provide valuable
contributions to this line of research.
In summary, the current comprehensive review of
interventions with ICDF on bowel function is spanning
more than 90 years of research in healthy individuals.
The results of the 65 included publications indicate that
wheat fiber promotes healthy bowel function through
improvements in total stool weight, dry stool weight,
intestinal transit time, and stool frequency. Based on
the large volume of available evidence, incorporating
wheat fiber, primarily wheat bran fiber, into the diet
can positively affect bowel function. As wheat was
the only cereal for which a quantitative estimate of its
effect was possible, more research on the effects of
other cereals is warranted.
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Abstract
AIM: To propose an allocation system of patients
with liver cirrhosis to intensive care unit (ICU), and
developed a decision tool for clinical practice.
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METHODS: A systematic review of the literature
was performed in PubMed, MEDLINE and EMBASE
databases. The search includes studies on hospitalized
patients with cirrhosis and organ failure, or acute on
chronic liver failure and/or intensive care therapy.
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RESULTS: The initial search identified 660 potentially
relevant articles. Ultimately, five articles were selected;
two cohort studies and three reviews were found
eligible. The literature on this topic is scarce and
no studies specifically address allocation of patients
with liver cirrhosis to ICU. Throughout the literature,
there is consensus that selection criteria for ICU
admission should be developed and validated for
this group of patients and multidisciplinary approach
is mandatory. Based on current available data we
developed an algorithm, to determine if a patient is
candidate to intensive care if needed, based on three
scoring systems: premorbid Child-Pugh Score, Model
of End stage Liver Disease score and the liver specific
Sequential Organ Failure Assessment score.
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and high 28-d mortality rate ”. Since ACLF affects
approximately 30% of hospitalised cirrhotic patients,
ACLF is the most frequent indication for admission to
[4,5]
the ICU . However, the mortality among patients
[7]
admitted to the ICU with ACLF is high . Consequently,
clinical awareness on identification of cirrhotic patients
at risk of developing organ failure, who will benefit from
early intensive care treatment, is of great importance.
The mortality among patients admitted to the ICU with
[2,5,7]
ACLF ranges between 35%-93%
. Patients requiring
mechanical ventilation are high-risk patients with
poor long-term survival with a 1-year mortality rate of
[8]
[7]
89% . Kavli et al have shown that among patients
with clinical or histological diagnosed alcoholic liver
cirrhosis, in need for intensive care treatment, the 90-d
mortality reaches levels of up to 93%, dependent on
[7]
the degree of organ system failure . Due to the poor
prognosis the utilization of organ support in the ICU for
these patients is often questioned. The treatment of
patients with ACLF, not eligible for liver transplantation,
is complicated and must be managed with therapies,
which require a highly specialized team and close
collaboration between hepatologists and intensive
care specialists. There is a need for clinical tools and a
proper triage to guide the physicians in decision making
regarding the allocation of patients with ACLF to ICU,
admitting only patients who would likely benefit from
[7]
intensive care treatment . In this study we aimed to
perform a systematic review regarding allocation of
patients with liver cirrhosis to intensive care, and to
propose a decision tool for clinical practice.

Core tip: The literature regarding allocation of
cirrhotic patients to intensive care unit (ICU) is very
limited and no studies have proposed and tested
any specific allocation criteria. Thus it still remains to
be determined, which cirrhotic patients will benefit
from intensive care treatment, and if so, when during
admission they should be transferred to the ICU,
and when intensive treatment is futile and should be
withheld. We propose an allocation system for clinical
practice, based on internationally validated scoring
systems.
Lindvig KP, Teisner AS, Kjeldsen J, Strøm T, Toft P, Furhmann
V, Krag A. Allocation of patients with liver cirrhosis and organ
failure to intensive care: Systematic review and a proposal for
clinical practice. World J Gastroenterol 2015; 21(29): 8964-8973
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i29/8964.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i29.8964

INTRODUCTION
[1,2]

The incidence of liver cirrhosis is increasing . In the
western world liver cirrhosis is mainly related to the
increasing burden of alcohol-related liver disease, nonalcoholic fatty liver disease and currently also hepatitis
C, in the eastern world hepatitis B is a main cause.
Patients with liver cirrhosis are prone to a progressive
deterioration with the occurrence of portal hypertension
and hepatic failure leading to end-stage liver disease
and the development of complications. Furthermore, a
large group (up to 75%) of patients are first diagnosed
with liver cirrhosis, when experiencing their first episode
of decompensation, and thus these patients represents
[3]
a large hidden burden of the disease . Patients with
advanced liver cirrhosis, frequently require admission
[4]
to intensive care unit (ICU) , mainly for various
complications of advanced liver disease (i.e., sepsis,
variceal bleeding, hepatic encephalopathy, spontaneous
bacterial peritonitis, hepato-renal syndrome). These
complications are associated with high risk of organ
failures and a high mortality. Patients with cirrhosis
presenting with acute hepatic deterioration and
progressive organ failure represent the, now well
described, syndrome acute-on-chronic-liver failure
[5,6]
(ACLF) . The Chronic Liver Failure (CLIF) ACLF in
cirrhosis (CANONIC) study investigators of the European
Association for the Study of the Liver - Chronic Liver
Failure Consortium (EASL-CLIF) originally introduced
the concept of ACLF: “ACLF is based on the presence
of three major characteristics of the syndrome; acute
decompensation, organ failure [predefined by the Clif
Sequential Organ Failure Assessment (SOFA) score]

WJG|www.wjgnet.com

MATERIALS AND METHODS
An electronic search was performed in PubMed,
MEDLINE and EMBASE. Studies were included in the
search irrespective of blinding, publication status, or
language, and manual searches including scanning
of reference lists in relevant articles and conference
proceedings was also performed. All studies responding
to the issue of this article were eligible for analysis,
including previous reviews.

Criteria for considering studies for this review

The present systematic search includes studies on
hospitalized patients with cirrhosis and organ failure or
acute on CLIF and/or intensive care therapy.

Search methods for identification of studies

String 1: “liver cirrhosis” or “hepatic cirrhosis”; String
2: “liver failure” or “hepatic failure”; String 3: “intensive
care” or “intensive treatment” or “intensive therapy” or
“critical care”.
Potentially eligible studies were listed and eva
luated. After reading the titles and abstracts, clearly
irrelevant trials were excluded. Afterwards relevant full
text studies were evaluated, and the eligible studies
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Identification

Titles and abstracts identified
through database searching
n = 660

Screening

Lindvig KP et al . Liver cirrhosis and intensive care therapy

Records after duplicates
removed
n = 584

with alcoholic liver cirrhosis. Interestingly they found
that in patients with 3 or more organ failures the ICU
mortality was > 90% (Table 1). Furthermore, they
found the prognostic scores specific for critical illness
to be superior at predicting outcome compared to the
liver-specific Child-Pugh score.
[1]
Shawcross et al performed a prospective analysis
of 563 patients admitted to a liver ICU with diagnosis of
cirrhosis and dysfunction of one or more extrahepatic
organ(s). They assessed resource utilization and found
that presence of organ failure resulted in considerable
resource expenditure in patients with liver cirrhosis, but
had hospital mortality of 59% as illustrated in Table 1.

Excluded
based on title
n = 505

Excluded based
on abstract
n = 67

Full text articles assessed for
eligibility
n = 12

Excluded fulltext studies
n =7

Reviews

Included

Studies included in final review
n =5

Figure 1 Flowchart of trials. Flowchart of search string.

were selected (Figure 1).

RESULTS
The initial search identified 660 articles, 402 articles
were indexed in PubMed, and 258 indexed in EMBASE.
After duplicates were removed 584 articles, were
evaluated for relevance.
During the initial title screening process 505 articles
where evaluated by title of the first author, and found
not relevant for the specific topic of this article, and
therby excluded from the study. Further 67 articles
were excluded after reading the abstracts, leaving 12
potentially relevant articles to be evaluated in full text
together with a review of references in these articles.
Ultimately, five articles were selected; two cohort
studies and three reviews were found in the systematic
search to be eligible for the present review (Figure 1).
Table 1 summarizes the main findings of the included
studies.

Cohort studies
[7]

Kavli et al performed a retrospective cohort study
including 87 patients admitted to an ICU, at a university
hospital with primary and secondary referrals. They
found that increasing numbers of organ failures,
correlate with increased mortality in critically ill patients

WJG|www.wjgnet.com

[9]

Ginès et al performed a review with focus on the
diagnostic approach and the currently recommended
treatment strategy of critically ill cirrhotic patients.
They report no new data, and no methods section
is described. However, they describe that several
studies have shown that relatively good results can
be obtained in selected critically ill cirrhotic patients,
and therefore reluctance to refer these patients to the
ICU should be balanced. They suggest that patients
with a low Model of End-stage Liver Disease (MELD
score) (< 15) should be immediately considered for
ICU. Contrary, in patients with end-stage cirrhosis
(MELD > 30), 3 or more organ failures, and no per
spective of transplantation, aggressive management is
questionable.
[10]
Berry et al performed a review within the field of
cirrhotic patients and allocation to ICU. They reported
no new data, and the methods section was sparsely
described. They suggest that an aggressive approach to
organ support is justified, and that further discussions
between hepatologists and intensive care specialists
are required to determine acceptable burden-to-benefit
ratios for prolonged intensive care support in young
alcoholic patients.
[11]
Saliba et al performed a review within the field of
cirrhotic patients and allocation to ICU. They reported
no new data, and no methods section was described.
However, they claimed that general ICU prognostic
scores [SOFA score, Acute Physiology and Chronic
Health Evaluation (APACHE) Ⅱ and SAPS Ⅱ] predicted
mortality better than liver specific scores (MELD and
Child-Pugh score) in cirrhotic patients, once admitted
to the ICU. Furthermore, ICU and liver scores predicted
outcome more precisely once they were re-evaluated
at day 3 from admission. The authors stated that
patients should be referred from the hepatology ward
to the ICU at an earlier stage of decompensation, and
a multidisciplinary approach between hepatologists,
intensive care specialists, and also transplant surgeons
should be mandatory.

Eligibility

Records after title screening
Abstracts
n = 79

Scoring systems

A number of score systems have been developed to
assess the prognosis of critically ill cirrhotic patients,
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Patient population

This review focuses on patients with
cirrhosis, especially survival analysis
and prognostic models

This review focuses on the diagnostic
approach and treatment strategies currently recommended in the critical care
management of patients with cirrhosis

No specific allocation system is
proposed

Allocation system
Only ICU data

In hospital mortality

No specific allocation system is
Overall hospital
proposed
mortality of 59%
Patients with cirrhosis admitted to ICU
(330/563)
require high levels of organ support
but ICU admission is not necessarily
futile
Encephalopatic cirrhotic patients
Hospital mortality
(grade 3 or 4 hepatic encephalopathy)
rates in patients
require ICU admission and intubation with 1, 2 or 3 organ/
Patients with a low MELD score (< 15), system failures were
should be immediately considered for 48%, 65%, and 70%,
ICU. Contrary, in patients with endrespectively
stage cirrhosis (MELD > 30), 3 or more
organ failures, and no perspective
of transplantation, aggressive
management is questionable
Child-Pugh score does not perform
No specific allocation system is
Greater than 60%
as well as general critical illness
proposed
scoring systems
The MELD score performs better
Early aggressive approach to organ
than the Child-Pugh score, yet the
support is justified
SOFA score is superior to both
Child-Pugh and MELD score
Suggests that ICU scores (SOFA,
No specific allocation system is
Only ICU data
APACHE Ⅱ, SAPS Ⅱ) predict
proposed
The persistence after ICU admission
the outcome of cirrhotic patients
admitted to the ICU better than of three or more organ failures and the
need for three or more organ supports,
liver scores (MELD and
may lead to consider a limitation in
Child-Pugh)
life sustaining treatments, as a fatal
outcome is almost constant

The median (IQR) for all patients
admitted and surviving for > 8 h
on day 1 (n = 548) was Child-Pugh
score 12 (11-13), MELD 25 (14-34),
APACHE Ⅱ 22 (16-28) and SOFA
11 (8-13)
MELD and Child-Pugh scores
have important limitations in the
establishment of prognosis in
critically ill cirrhotic patients

APACHE Ⅱ, SAPS Ⅱ, and SOFA
were better at predicting mortality
than Child-Pugh score

Scores
With 3 or more organ
failures the ICU
mortality was > 90%

ICU mortality

Ranges between
34%-69%

ICU mortality of up to
65%, rising to 90% with
sepsis, if more than 1 d
of respiratory support
and renal support were
required

ICU and 6-mo mortality
rates of 41% and 62%,
respectively
59% of cirrhotic patients
placed on mechanical
ventilation died during
their stay in the ICU

256/563 (51%) patients
died whilst in the Liver
ICU

Included studies of the present review. The table describes the included studies. ICU: Intensive care unit; SOFA score: Sequential Organ Failure Assessment score; MELD: Model of End-stage Liver Disease.

None

None

87 adult patients with clinical
or histological diagnosis of liver
cirrhosis admitted to ICU at a
University hospital in Denmark,
within a 3 years period from
January 2007-January 2010
The aim of this study was to
563 patients were admitted to
prospectively study the resource
the Liver ICU at King’s College
allocation and cost of a large cohort of
Hospital, between 2000 and
patients with cirrhosis and one or more
2007
extrahepatic organ failure(s)

This study investigated the severity of
organ failure, and the frequency and
outcome of withholding therapy in
patients with advanced alcoholic liver
cirrhosis admitted to a Scandinavian ICU

Main target of the study

Saliba et al[11], 2013, France, This review focuses on prognostic scores
review
and admission to ICU for critically ill
cirrhotic patients

Berry et al[10], 2013, United
Kingdom, review

Ginès et al[9], 2012, Spain,
review

Shawcross et al[1], 2012,
United Kingdom, cohort
study

Kavli et al[7], 2012,
Denmark, cohort study

Author, year, location,
study design

Table 1 Included trials/studies
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Child Pugh score

Table 2 Scoring systems to predict mortality
Score
Child-Pugh
MELD
RFH
SOFA
APACHE Ⅱ
APACHE Ⅲ

Target

Number of
studies

AUCROC range
(min-max)

Prognostic1
Prognostic1
Prognostic1
Organ failure2
Prognostic in
ICU3
Prognostic in
ICU3

14
8
1
11
9

0.71-0.87
0.77-0.93
0.79
0.81-0.95
0.66-0.83

4

0.78-0.91

The Child-Pugh score has been well established in
clinical practice for decades. It contains a limited
number of variables, is simply calculated, and is
easily interpreted. The score is a simple method for
[15]
determining the prognosis of patients with cirrhosis .
However, the Child-Pugh score does not take factors
such as cardiovascular, renal, and pulmonary dys
function into account, consequently it does not offer
valid information to predict mortality in cirrhotic patients
[14]
who have organ failure . Further, the assessment of
hepatic encephalopathy and presence of ascites are
subjective measures and prone to observer variation.

1

Prognostic: score used to assess the prognosis of chronic liver disease;
Organ failure: score with the objective to evaluate the degree of organ
failure; 3Prognostic in ICU: severity of disease classification score. The table
describes the performance of the presented scoring systems[17,19-35]. AUROC:
Areal Under the Reciever Operating Curve; Range (min-max) describing
the minimum and maximum reported AUC for the given score, based on
published trials[17,19-35]. ICU: Intensive care unit; MELD: Model of End-stage
Liver Disease; RFH: Royal Free Hospital Score; SOFA: Sequential Organ
Failure Assessment score; APACHE: Acute Physiology and Chronic Health
Evaluation.
2

MELD score

The MELD score is a scoring system for assessing
the severity of chronic liver disease. The MELD Score
ranges from 6 (less sick) to 40 (very sick) and the
formula is based on the natural logarithm of serum
bilirubin, serum creatinine, the INR for prothrombin
[37]
time, and information regarding dialysis .
The MELD Score formula: [0.957 × ln[serum
creatinin] + 0.378 × ln[serum bilirubin] + 1.120 ×
ln[INR] + 0.643] × 10 (if hemodialysis, value for
Creatinine is automatically set to 4.0).
Serum bilirubin is a blood sample that reflects the
liver function. (Reference interval: 5-25 µmol/L). The
INR reflects the ability of the liver to produce proteins;
more specifically the clotting factors that contribute to
the coagulation process (Reference interval: 0.8-1.2
is normal, higher is abnormal). Creatinine is a blood
sample that reflects the function of the kidneys.
(Reference interval: 60-105 µmol/L).
The MELD score is widely used to quantify end-stage
[15]
liver disease in patients listed for liver transplantation ,
and has been repeatedly shown to be equivalent or
even superior to the Child-Pugh score to estimate short[14]
term survival among cirrhotic patients . An additional
advantage of MELD is the exclusion of subjective
measures.

Table 3 Child-Pugh score
Measure

1 point

2 points

3 points

Total billirubin
< 34
34-50
> 50
(μmol/L)
(< 1.9 mg/dL) (< 1.9-2.9 mg/dL)
(> 2.9 mg/dL)
S-Albumin (g/L)
> 35
28-35
< 28
PT INR
< 1.70
1.71-2.30
> 2.30
Ascites
None
Mild
Moderate/severe
Hepatic
None
Grade Ⅰ-Ⅱ
Grade Ⅲ-Ⅳ
encephalopathy
Points
Class
One year survival Two year survival
5-6
A
100%
85%
7-9
B
81%
57%
10-15
C
45%
35%
Child-Pugh Score and associated one- and two-year survival.

[2,12-35]

see Table 2
. The liver specific scores have mainly
focused on the general prognosis of cirrhotic patients,
whereas the general scores, such as APACHE score,
and SOFA score, were developed to predict outcome
[5,14,20]
in the general population admitted to the ICU
.
Numerous organ-failure scores have been developed
to evaluate the prognosis depending on the number of
organ failures, however, only a limited number of score
systems have been established in clinical practice. To
assess severity and prognosis due to underlying liver
disease before ACLF or acute hospitalization, ChildPugh score and MELD score are the best-validated
[14]
scores . The World Health Organization (WHO)
performance status (PS) is also useful to grade general
well-being and activities of daily life.
The prognostic liver specific score named ChildPugh score (Table 3) contains five components;
grade of hepatic encephalopathy, presence of ascites,
serum-bilirubin, serum-albumin, and the international
[36]
normalized ratio for prothrombin time (INR) .

WJG|www.wjgnet.com

WHO performance score

The performance score was originally introduced in the
treatment of cancer patients, as an attempt to quantify
cancer patients’ general well-being and activities of
[38]
daily life (Table 4) . The score is widely used in other
medical conditions as a simple measure of general
condition, functional ability and quality of life.

APACHE scores

The APACHE score is one of several ICU scoring
systems. The score is a severity-of-disease classification
system, based on 12 physiological parameters; 1,
alveolar-arterial O2 tension difference (AaDO2) or
arterial oxygen tension (PaO2) (depending on the
fraction of inspired oxygen); 2, temperature (rectal); 3,
mean arterial pressure; 4, arterial pH; 5, heart rate;,
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Table 4 World Health Organization performance score

0
1

2

3
4
5

Prog

WHO Performance score

ress

Fully active, able to carry on all pre-disease performance
without restriction
Restricted in physically strenuous activity but ambulatory and
able to carry out work of a light or sedentary nature, e.g., light
house work, office work
Ambulatory and capable of all selfcare but unable to carry out
any work activities. Up and about more than 50% of waking
hours
Capable of only limited selfcare, confined to bed or chair more
than 50% of waking hours
Completely disabled. Cannot carry on any selfcare, totally
confined to bed or chair
Dead

Prognosis

Grade

Stable cirrhosis

chro

nic

live

r fa

ilure

Deterioration in organ function
Organ failure occurs
Point of no return

Time

Figure 2 Acute on Chronic Liver Failure. The green line illustrates a patient
with stable cirrhosis (i.e., Child-Pugh class A/B) developing acute on chronic
liver failure (ACLF). The red line illustrates a patient with progressive chronic
liver failure (i.e., a patients with Child C cirrhosis and refractory ascites)
developing ACLF. The Y-axis (Prognosis) is based on Child Pugh score or
MELD score and the performance status before ACLF develops and CLIF-SOFA
score after ACLF. The threshold “deterioration in organ function” represents a
level with i.e. increase in creatinine or oxygen demand without organ failure.
The threshold “organ failure” is as defined in the CLIF-SOFA score and “point of
no return” is a state of multiorgan failure without reversibility.

WHO: World Health Organization.

6, respiratory rate; 7, sodium (serum); 8, potassium
(serum); 9, Creatinine; 10,. Haematocrit; 11, white
blood cell count; and 12; Glasgow Coma Scale. The
score is applied within 24 h of admission to the ICU, the
[15]
higher the score, the higher risk of death . Compared
to Child-Pugh scores it has been shown in numerous
studies to be more powerful in predicting hospital
[39]
mortality in patients with liver cirrhosis. Wehler et al
found an areal under the receiver operating curve
(AUROC) of 0.79 for the APACHE Ⅱ score, compared to
Child-Pugh with an AUROC of 0.73, other studies have
[24-26,28]
found similar results
.

Royal Free Hospital score

The Royal Free Hospital (RFH) score is a novel
prognostic model for critically ill patients with cirrhosis.
Parameters included in the score are bilirubin, INR,
lactate, urea, A-a gradient, and variceal bleeding.
[18]
Theocharidou et al , found the RFH score to have
good discriminative power, equally to the CLIF-SOFA
and SOFA score, however, the score remains to be
externally validated, to confirm the clinical utility.

SOFA Score and CLIF-SOFA

The SOFA score was developed as a simple prognostic
score to evaluate the degree of organ failure in
[2,29]
patients in the general ICU
. The score contains
information on degree of failure regarding liver,
kidney, brain, coagulation, circulation and lungs,
graded from 0-4 (Table 5). The CLIF-SOFA score is a
modified version of the original SOFA score, a newly
developed scoring system exclusively for patients
with end-stage liver disease, and it accommodates a
lower threshold for serum creatinine, because minor
increases in s-creatinine levels in cirrhotic patients
indicate marked reductions in glomerular filtration
rate. Furthermore, it uses the INR instead of platelets
as a marker of coagulaopathy, increases the threshold
for bilirubin to achieve organ failure, and uses grades
of hepatic encephalopathy from the West Haven score
as opposed to Glasgow Coma Scale for neurologic
[2,6]
failure . Organ failure in the CLIF SOFA score is
defined as; liver failure: bilirubin > 205 μmol/L,
kidney failure: creatinine > 177 μmol/L or requiring
renal replacement therapy, neurologic failure: hepatic
encephalopathy grade 3 or 4, coagulation failure: INR
> 2.5, and circulation failure: requiring vasopressors
to maintain adequate mean arterial pressure (MAP).
The CLIF-SOFA score can be translated into a degree
[6,40]
of ACLF
(Figure 2, Tables 5 and 6).

WJG|www.wjgnet.com

ive

Acute event

DISCUSSION
The decision-making regarding allocation of cirrhotic
patients to ICU remains a great interdisciplinary
challenge in daily clinical practice. The literature
is scarce and no studies specifically address this
issue. There is general consensus that selection
criteria for ICU admission candidates should be
developed and validated for this group of patients and
multidisciplinary approach is mandatory. However,
all together the general approach throughout the
literature is somewhat indefinable. It still remains to
be determined, which cirrhotic patients will benefit
from intensive care treatment, and if so, when during
admission they should be transferred to the ICU, and
contrary when intensive treatment is futile and should
be withheld.
It has been known for more than 40 years that
surgical procedures on cirrhotic patients is associated
[35]
with increased risk , and for cirrhotic patients
(child-pugh C) who undergo nontransplant surgical
procedures, mortality rates of up to 76% have been
[41]
reported . Furthermore it is known that the mortality
rate is markedly increased for emergency surgery
[42]
(57%) compared to elective surgery (10%) . Higher
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Table 5 Chronic Liver Failure-Sequential Organ Failure Assessment score
Organ

Variabel

0

1

2

3

4

Liver

Billirubin, μmol/L
(mg/dL)
Creatinine, μmol/L
(mg/dL)

< 20 μmol/L
(-1.1)
< 106 μmol/L
(< 1.2)

≥ 20 to < 34 μmol/L

≥ 34 to < 103 μmol/L

≥ 103 to < 205 μmol/L

(≥ 1.1 to < 1.9 )

(≥ 1.9 to < 6.0)

> 205 μmol/L
(> 11.9)1
> 442 μmol/L
(> 5.0)1

HE grade
INR
MAP (mmHg)

None
< 1.1
≥ 70

Ⅰ

Ⅱ

≥ 1.1 to 1.25

≥ 1.25 to < 1.5

PaO2/FiO2
SpO2/FiO2

> 400
> 512

> 300 to ≤ 400
> 357 to ≤ 512

Kidney

CNS
Coagulation
Circulation

Lungs

(≥ 6.0 to < 11.9)

≥ 106 to < 177 μmol/L ≥ 177 to < 309 μmol/L

(≥ 1.2 to < 2.0)

< 70

(≥ 1.2 to < 3.5)1

Dopamine ≤ 51
Dobutamine
Terlipressin1
> 200 to ≤ 300
> 214 to < 357

≥ 309 to < 442 μmol/L

(≥ 3.5 to < 5)1
Or renal replacement therapy1
1
1
Ⅲ
Ⅳ
1
≥ 1.5 to < 2.5
≥ 2.5 or platlets < 20
Dopamine > 51
Dopamine > 15
Epinephrine ≤ 0.11
Epinephrine > 0.1
Norepinephrine ≤ 0.11 Norepinephrine > 0.11
1
≤ 100
> 100 to ≤ 2001
1
≤ 89
> 89 to ≤ 2141

1

Indicates the limit for the definition of organ failure. HE: Hepatic encephalopathy; MAP: Mean arterial pressure; PaO2: Arterial oxygen tension; FiO2:
Fraction of inspired oxygen; SpO2: Peripheral capillary oxygen saturation.

Premorbid Child-Pugh A/B (5-9
points) or MELD score < 15 and
Intensive care candidate
ACLF grade ≤ 2 with the need for
intensive therapy, e.g., HE > 2 or
respiratory insufficiency
Premorbid Child-Pugh A/B (5-9
points) or MELD score < 15 and ACLF
grade ≥ 3 or
Premorbid Child-Pugh C (10-15
Possible intensive care candidate,
points) or MELD score 16-29 and
eligibility should be considered and
ACLF ≤ 2
discussed with ICU
If continuous organ failure is present
after 3 d of complete intensive
care treatment, the outcome is
questionable
Unlikely to benefit from intensive
Premorbid Child-Pugh C (10-15
care therapy
Special cases can be disussed, e.g. , points) or MELD score > 30 and ACLF
patients that are candidate for liver
grade ≥ 3
transplantation

Table 6 Degree of Acute on Chronic Liver Failure and the
associated mortality
ACLF

Numbers of organ failure

28-d mortality

90-d mortality

0
1
2
3

0 or 1 (/kidney)
1 (no kidney dysfunction)
2
≥3

4.7%
22.1%
32.0%
76.7%

15.0%
40.7%
52.3%
79.1%

ACLF: Acute on Chronic Liver Failure.

risk of infection, coagulopathy and malnutrition may
[43-47]
be important factors
. In addition many cirrhotic
patients decompensate in the postoperative phase and
develop hepatic encephalopathy, ascites, hepato-renal
[44,45,47,48]
syndrome or infections
. Reduced perfusion of
the liver and altered response to anaesthetics and other
[49,50]
medications, may also be contributing factors
.
It is therefore essential to assess the severity of the
underlying liver disease and to perform preoperative
optimisation, including treatment of coagulopathy,
ascites, portal hypertension, malnutrition, any substance
abuse problem and infections.
[5,6]
Based on current available data , we have de
veloped an algorithm based on three scoring systems:
Child-Pugh Score, MELD score and CLIF-SOFA score. In
Figure 3 we suggest criteria to determine if a patient is
a candidate to intensive care if needed. However, the
algorithm remains to be validated in clinical practice.
The exact time point when patients should be
referred to intensive care may be difficult to identify
and will likely depend on local clinical setup, i.e., access
to intermediate care. However, the following general
consideration can be used. Dialogue between physicians
from the referring ward and ICU is mandatory and
should be initiated at an early stage to assess if the
patient is candidate to intensive care if needed and to
ensure detection and treatment of organ failures as
early as possible.
Close monitoring of progressive organ dysfunction in

WJG|www.wjgnet.com

Figure 3 Proposal of a clinical system to identify candidates for intensive
care if indicated. Algorithm based on three scoring systems: Child-Pugh
Score, Model of End stage Liver Disease score (MELD) and Sequential Organ
Failure Assessment score (CLIF-SOFA). ACLF: Acute on chronic liver failure;
ICU: Intensive care unit.

the ward is essential. Sometimes it may also be rational
to transfer patients to the intermediate care/ICU to
prevent occurrence of organ failure by close monitoring.
Referral criteria should include the following: (1)
Comatose patients not able to protect airways; (2)
Respiratory failure with need of mechanical ventilation;
(3) Circulatory failure with systolic blood pressure <
90 mmHg or low mean arterial pressure (MAP < 60
mmHg) despite adequate fluid supplementation and
increasing lactate or increasing creatinine or reduced
urine output; (4) necessity of vasopressors; and (5)
septic shock or multi-organ failures.
To help the daily registration of important values
in patients with liver cirrhosis, we have developed a
specific computer software program First Chronic Liver
Allocation Scoring System (First-CLASS).
First-CLASS features an extensive data-gathering
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Figure 4 First Chronic Liver Allocation Scoring system. Danish civil registration number, a unique 10-digit personal identification number assigned to every
Danish citizen at birth since 1968. HE: Hepatic encephalopathy; CP Score: Child Pugh Score; MAP: Mean arterial pressure; SAT: Oxygen saturation (%); Varice
Haemorr: Variceal haemorrhage; S.B. Peritonitis: Spontaneous bacterial peritonitis; Alko. Hepatitis: Alcoholic hepatitis; HRS: Hepato renal syndrome; WHO Perform:
WHO performance status; ACLF grade: Acute on chronic liver failure grade; First-CLASS: First Chronic Liver Allocation Scoring System; SSN: Social Security Number.

tool, with a user-friendly graphical interface, for
the purpose of scoring acute on CLIF patients. An
immediate score of the patient is calculated using
the described algorithm, and it will be presented to
the user. All data is saved to a database, which can
be easily retrieved for both research and evaluation
of specific patients. First-CLASS provides a program
for viewing the data that has been collected in a
meaningful way, such as using graphs for visualization
of results in the given admission period. Furthermore
the First-CLASS-Viewer program allows for exporting
the data of patients to be used directly for statistical
analysis (Figure 4).
In conclusion, we found that the literature regarding
allocation of cirrhotic patients to ICU is very limited
and no studies have proposed and tested any specific
allocation criteria. Thus it still remains to be determined,
which cirrhotic patients will benefit from intensive care
treatment, and if so, when during admission they
should be transferred to the ICU, and when intensive
treatment is futile and should be withheld. Based on
indirect evidence we have proposed a scoring system
that can help identify which patients are candidates
or not to ICU therapy, however the system needs
validation.

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

Patients with liver cirrhosis are prone to a progressive disease course with
the occurrence of portal hypertension and hepatic failure leading to end-stage
disease and development of complications. Cirrhosis and organ failure is
associated with a high mortality. Rational and timely allocation to an intensive
care unit (ICU) is a challenge of clinical importance.

Research frontiers

The exact time point when patients should be referred to intensive care may
be difficult to identify and will likely depend on local clinical setup, i.e., access
to intermediate care. Close monitoring of progressive organ dysfunction in
the ward is essential. Sometimes it may also be rational to transfer patients
to the intermediate care/ICU to prevent occurrence of organ failure by close
monitoring. Referral criteria should include the following: (1) Comatose patients
not able to protect airways; (2) Respiratory failure with need of mechanical
ventilation; (3) Circulatory failure with systolic blood pressure < 90 mmHg
or low mean arterial pressure (MAP < 60 mmHg) despite adequate fluid
supplementation and increasing lactate or increasing creatinine or reduced
urine output; (4) necessity of vasopressors; and (5) septic shock or multi-organ
failures.

Innovations and breakthroughs

To help the daily monitoring and registration of organfunctions in patients with
liver cirrhosis, the authors have developed computer software program First
Chronic Liver Allocation Scoring System (First-CLASS). First-CLASS features
an extensive data-gathering tool, with a user-friendly graphical interface, for the
purpose of scoring acute on chronic liver failure (CLIF) patients. An immediate
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score of the patient is calculated using the described algorithm, and it will be
presented to the user.

7

Applications

It still remains to be determined, which cirrhotic patients will benefit from
intensive care treatment, and if so, when during admission they should be
transferred to the ICU, and when intensive treatment is futile and should be
withheld. Based on indirect evidence, the authors have proposed a scoring
system that can help identify which patients are candidates or not to ICU
therapy, however the system needs validation.

8
9
10

Terminology

Patients with cirrhosis presenting with acute hepatic deterioration and
progressive organ failure represent the, now well described, syndrome
Acute-on-Chronic-Liver Failure (ACLF). The CLIF ACLF in cirrhosis study
investigators of the European Association for the Study of the Liver - Chronic
Liver Failure Consortium originally introduced the concept of ACLF: “ACLF is
based on the presence of three major characteristics of the syndrome; acute
decompensation, organ failure (predefined by the CLIF SOFA score) and high
28-d mortality rate”.

11

12

Peer-review

In this manuscript “Allocation of patients with liver cirrhosis and organ failure
to intensive care: Systematic review and a proposal for clinical practice”, the
authors aimed to perform a systematic review regarding allocation of patients
with liver cirrhosis to ICU. They also proposed a scoring system to help identify
the patients as candidates for ICU therapy. The subject matter of current
study is of interest. This review may help clinicians chose the more suitable
treatments.
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Abstract
Barrett’s esophagus (BE) is a precursor of esophageal
adenocarcinoma and is associated with gastroesophageal
reflux disease, which is often preceded by a hiatal hernia.
We describe a case of esophageal adenocarcinoma
arising in long-segment BE (LSBE) associated with a hiatal
hernia that was successfully treated with a laparoscopic
transhiatal approach (LTHA) without thoracotomy. The
patient was a 42-year-old male who had previously
undergone laryngectomy and tracheal separation to avoid
repeated aspiration pneumonitis. An ulcerative lesion
was found in a hiatal hernia by endoscopy and superficial
esophageal cancer was also detected in the lower thoracic
esophagus. The histopathological diagnosis of biopsy
samples from both lesions was adenocarcinoma. There
were difficulties with the thoracic approach because the
patient had severe kyphosis and muscular contractures
from cerebral palsy. Therefore, we performed subtotal
esophagectomy by LTHA without thoracotomy. Using
hand-assisted laparoscopic surgery, the esophageal hiatus
was divided and carbon dioxide was introduced into the
mediastinum. A hernial sac was identified on the cranial
side of the right crus of the diaphragm and carefully
separated from the surrounding tissues. Abruption of the
thoracic esophagus was performed up to the level of the
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arch of the azygos vein via LTHA. A cervical incision was
made in the left side of the permanent tracheal stoma,
the cervical esophagus was divided, and gastric tube
reconstruction was performed via a posterior mediastinal
route. The operative time was 175 min, and there was
61 mL of intra-operative bleeding. A histopathological
examination revealed superficial adenocarcinoma in LSBE.
Our surgical procedure provided a good surgical view and
can be safely applied to patients with a hiatal hernia and
kyphosis.

arising in long-segment Barrett’s esophagus and
associated with a hiatal hernia that was successfully
treated by applying LTHA.

CASE REPORT
Patient

The patient was a 42-year-old man. He had cerebral
palsy from birth, and laryngectomy and tracheal
separation were performed to avoid repeated
aspiration pneumonitis when he was 36 years old. He
presented with anorexia, anemia, and black stools. An
ulcerative lesion was found by endoscopy in a hiatal
hernia 30 cm from an incisor (Figure 1A), and 0-IIc
type esophageal cancer was also detected 25 cm
[8,9]
from an incisor (Figure 1B) . The histopathological
diagnosis of biopsy samples from both lesions was
adenocarcinoma. Endoscopic marking with metal
clips was performed near both lesions. Computed
tomography (CT) revealed a sliding hiatal hernia. Metal
clips were detected without wall thickening of the
esophagus, lymphadenopathy, or metastasis (Figure
1C-F). Because the patient had severe kyphosis and
muscular contractures caused by cerebral palsy, there
were difficulties with maintaining the left lateraldecubitus position. Furthermore, single lung ventilation
from the permanent tracheal stoma appeared to be
technically challenging; therefore, a thoracic approach
seemed to be unsuitable for him. Instead, we per
formed subtotal esophagectomy by LTHA without
thoracotomy.

Key words: Laparoscopic transhiatal approach; Barrett’s
esophageal carcinoma; Hiatal hernia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This report describes a case of esophageal
adenocarcinoma arising in long-segment Barrett's
esophagus associated with a hiatal hernia that was
successfully treated with a laparoscopic transhiatal
approach without thoracotomy. This surgical procedure
provided a good surgical view and can be safely applied
to patients with a hiatal hernia and kyphosis.
Shiozaki A, Fujiwara H, Konishi H, Kinoshita O, Kosuga T,
Morimura R, Murayama Y, Komatsu S, Kuriu Y, Ikoma H,
Nakanishi M, Ichikawa D, Okamoto K, Sakakura C, Otsuji
E. Laparoscopic transhiatal approach for resection of an
adenocarcinoma in long-segment Barrett's esophagus. World J
Gastroenterol 2015; 21(29): 8974-8980 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i29/8974.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i29.8974

Surgical technique

The patient was placed in the supine position on the
operating table. An upper abdominal incision (70
mm) was made, and a Lap Disc (regular) (Ethicon,
Cincinnati, OH) was placed. Three 12-mm ports
were produced, one in each flank and one in the left
hypochondrium, and one 5-mm port for a flexible
laparoscope was inserted into the lower abdomen,
[5-7]
as previously described
. Carbon dioxide was
introduced into the intraabdominal space, and the
pneumoperitoneum pressure was controlled at 10
mmHg. The operator lifted up the stomach with the
left hand, and the greater omentum, left gastroepiploic
vessels, and gastrosplenic ligament were then divided
using an EnSeal device (45-cm shaft length, Ethicon).
The esophageal hiatus was then opened, and carbon
dioxide was introduced into the mediastinum (Figure
2A). The assistant inserted an ENDO RETRACT
(Autosuture Norwalk, CT) and blunt tip dissector
through the ports on the left side, and the working
space in the mediastinum was secured with these
two devices and 10 mmHg of pneumomediastinum
[5-7]
pressure, as previously described .
Dissection of the anterior and left side of the
distal esophagus was performed up to the level of
the tracheal bifurcation. The adventitia of the thoracic

INTRODUCTION
Barrett’s esophagus (BE) is a pathological phenomenon
in which the normal squamous epithelium is replaced
[1]
by a specialized or intestinal columnar epithelium .
BE is classified as either short-segment BE (SSBE)
or long-segment BE (LSBE) according to the length
of the metaplastic changes observed by endoscopic
[2]
examinations . In some cases, BE is accompanied by
[3,4]
esophageal adenocarcinoma . On the other hand, a
minimally invasive approach for esophageal cancer has
recently been suggested to avoid a long hospital stay.
In 2009, we started performing esophagectomy with
a laparoscopic transhiatal approach (LTHA) on patients
[5-7]
with esophageal cancer . In this method, carbon
dioxide is introduced into the mediastinum from the
abdominal side, and middle and lower mediastinal
operations can be performed via a transhiatal
approach. The main advantage of this method is that it
provides a good surgical view of the mediastinum and
improves the quality of mediastinal surgery, reducing
surgical stress.
We present a case of esophageal adenocarcinoma
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A

B

C

D

E

F

Figure 1 Endoscopy findings (A, B) and computed tomography findings (C-F). A: An ulcerative lesion was found in a hiatal hernia 30 cm from an incisor; B: 0-IIc
type esophageal cancer was detected 25 cm from an incisor; There was severe deformity of the trunk caused by kyphosis and muscular contractures (C-F); C: The
arrow points to the permanent tracheal stoma; D: The arrow points to the metal clip near the 0-Ⅱc type esophageal cancer; E: The arrow points to the metal clip near
the ulcerative lesion in hiatal hernia; F: The arrow points to the sliding hiatal hernia.
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Figure 2 Surgical technique. A: The esophageal hiatus was divided, and carbon dioxide was introduced into the mediastinum; B: Dissection of the anterior plane
of the thoracic aorta was extended to the cranial side, and the root of the proper esophageal artery was confirmed under a magnified videoscopic view; C: While
lifting the posterior mediastinal lymph nodes like a membrane, they were cut along the border of the left mediastinal pleura; D: This incision was extended to the left
pulmonary hilum and aortic arch. Ao: Thoracic aorta; E: Esophagus; Lt: Left; PMLNs: Posterior mediastinal lymph nodes.
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Figure 3 Thoracic esophagus was completely detached from the surrounding tissue. A: A hernial sac was identified on the cranial side of the right crus of
the diaphragm; B: Dissection of the posterior and right sides of the esophagus was performed to the level of the arch of the azygos vein; C: While lifting the right
mediastinal pleura like a membrane, an incision was made and extended to the right pulmonary hilum, and the lymph nodes were resected from the right main
bronchus and carina; D: Intraoperative view after dissection of the subcarinal lymph nodes. Ao: Thoracic aorta; E: Esophagus; Lt: Left; Rt: Right; Br: Bronchus;
SCLNs: Subcarinal lymph nodes.

aorta was then exposed at the level of the crus of
the diaphragm, and we dissected the anterior side
of the thoracic aorta to the cranial side. The root of
the proper esophageal artery was confirmed (Figure
2B) and divided using the EnSeal device. After these
procedures, both the anterior and posterior sides of
the posterior mediastinal lymph nodes were dissected.
While lifting these lymph nodes like a membrane,
we cut them along the border of the left mediastinal
[6]
pleura (Figure 2C) . This incision was extended to the
left pulmonary hilum and aortic arch (Figure 2D).
After the left gastric vessels were clipped and
divided, the lymph nodes along the left gastric artery
were dissected. Dissection of the posterior and right
sides of the distal esophagus was finally performed.
A hernial sac was identified on the cranial side of the
right crus of the diaphragm (Figure 3A). An incision
was made in the right mediastinal pleura and extended
to the lower margin of the arch of the azygos vein
(Figure 3B). As the left side, while lifting the right
mediastinal pleura like a membrane, an incision was
made and extended to the right pulmonary hilum.
The lymph nodes were resected from the right main
bronchus and carina (Figure 3C). In this manner, the
[7]
subcarinal lymph nodes were dissected (Figure 3D) .
In this way, the thoracic esophagus was completely
detached from the surrounding tissue.
A cervical incision was made in the left side of

WJG|www.wjgnet.com

the permanent tracheal stoma. Cervical and upper
mediastinal lymph node dissection was performed.
After the cervical esophagus was divided, the
esophagus was extracted from the abdominal side.
After a gastric tube was created, it was pulled up via
a posterior mediastinal route, and esophagogastric
anastomosis was performed by hand from a cervical
approach.
The operative time was 175 min, and there was 61
mL of intra-operative bleeding.

Postoperative course

A minor anastomotic leakage was detected on
th
the 11 day after surgery. This leakage healed by
drainage treatment. The patient was discharged 51
days after the operation. Gross and histopathological
examinations revealed 0-Ⅱ c type superficial
adenocarcinoma (tub1 >> tub2, 72 mm × 56 mm
in size, pT1a-SMM, and no lymph node metastases)
of the middle and lower thoracic esophagus in
[8,9]
LSBE (Figures 4 and 5) . The cancer lesion was
surrounded by mucosa, including a columnar epi
thelium that continued to the stomach (Figure 5A
and B). Duplication of the muscularis mucosae was
identified (Figure 5C). Although an Ul-IVs type ulcer (17
mm × 17 mm in size) was identified on the distal side
of the tumor, cancer was not found in this ulcerative
lesion (Figure 4B).
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Figure 4 Resected specimen. A: A resected specimen revealed a 0-Ⅱc type
tumor (72 mm × 56 mm in size) in the middle and lower thoracic esophagus in
long-segment Barrett's esophagus. A metal clip was identified near the tumor;
B: Mapping according to the histopathological examination. Although an UlIVs type ulcer (17 mm × 17 mm in size) was identified on the distal side of the
tumor, cancer was not found in this lesion.

DISCUSSION
BE is commonly defined as replacement of the esopha
geal squamous epithelium in the lower esophagus
[1]
with a metaplastic simple columnar epithelium . BE is
associated with the presence of gastroesophageal reflux
disease (GERD), and the reported prevalence of BE is
[10,11]
between 3% and 15% among patients with GERD
.
The clinical significance of BE is its association with
an increased risk of developing esophageal adeno
[3]
carcinoma , and patients with LSBE are at the highest
[4]
risk of malignancy .
The presence of a hiatal hernia has also been
associated with an increased risk of BE. The most
common type is Type Ⅰ, or sliding hernia, in which
the lower esophageal sphincter and a portion of the
gastric cardia herniate upwards due to a widening
of the muscular hiatal aperture and circumferential
[12,13]
laxity of the phrenoesophageal membrane
. The
presence of a hiatal hernia results in an anatomical
impairment in the esophagogastric junction, which
results in reflux of gastric material into the esophagus.
Individual studies have shown a higher prevalence
of hiatal hernia in BE patients than in non-BE GERD
[14,15]
patients
. Furthermore, a recent meta-analysis
revealed that the strongest relationship is between
[16]
hiatal hernia and LSBE . In addition, the short
esophagus is most commonly from the chronic inflam
[17]
mation that accompanies long-standing GERD .
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Figure 5 Histopathological examination. A: A histopathological examination
revealed superficial adenocarcinoma (pT1a-SMM). The cancer lesion was
surrounded by mucosa, including a columnar epithelium that continued to
the stomach; B: Part of the small frame in (A) was magnified and shown; C:
Duplication of the muscularis mucosae was identified in long-segment Barrett's
esophagus. Hematoxylin-eosin staining; magnification, × 100 (A), × 150 (B) or
× 50 (C).

The frequency of short esophagus was previously esti
mated as approximately 10% of patients undergoing
[18]
antireflux surgery . In the present case, esophageal
adenocarcinoma was identified in LSBE. Although short
esophagus could not be diagnosed preoperatively
because of difficulties associated with upper gastroin
testinal radiography, the presence of a hiatal hernia and
short esophagus were considered to be associated with
pathogenesis.
In the present case, we encountered several difficul
ties when selecting the appropriate surgical approach.
In this case, thoracic procedures performed via right
thoracotomy would likely be difficult because of severe
kyphosis. Furthermore, single lung ventilation from
the permanent tracheal stoma also appeared to be
technically challenging. Therefore, we decided to
perform subtotal esophagectomy by LTHA without
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Related reports

thoracotomy. In addition, the permanent tracheal
stoma restricted the selection of a reconstruction
route. The presence of the permanent tracheal stoma
made it difficult to use a subcutaneous or anterior
mediastinal route. Therefore, we used a posterior
mediastinal route in the present case.
In 2009, we started performing subtotal eso
phagectomy by LTHA on patients with esophageal
[5-7]
cancer
. By November 2014, 182 patients with
esophageal cancer had undergone LTHA during various
esophageal surgical procedures. Our procedure has
facilitated middle and lower mediastinal lymph node
[6,7]
dissection via a transhiatal approach
. Because
upper mediastinal lymph nodes can be dissected
from a cervical approach, we do not perform thoracic
surgery in preoperative high-risk patients, including the
[7]
present case, to reduce surgical invasiveness . The
present results suggest that our surgical procedure,
esophagectomy by LTHA without thoracotomy, can be
safely applied in patients with a hiatal hernia, short
esophagus, and severe kyphosis.
In conclusion, we described a case of esophageal
adenocarcinoma arising in LSBE associated with a
hiatal hernia that was successfully treated using LTHA.
Our surgical procedure provides a good surgical view,
improves the quality of mediastinal surgery, reduces
surgical stress, and can be safely applied to patients
with a hiatal hernia and kyphosis.

Barrett’s esophagus is a precursor of esophageal adenocarcinoma and is
associated with gastroesophageal reflux disease, which is often preceded by a
hiatal hernia.

Term explanation

In the laparoscopic transhiatal approach method, carbon dioxide is introduced
into the mediastinum from the abdominal side, and middle and lower
mediastinal operations can be performed via a transhiatal approach.

Experiences and lessons

This surgical procedure provided a good surgical view and can be safely
applied to patients with a hiatal hernia and kyphosis.

Peer-review

In this article, the authors reported on a patient who was successfully treated
by a laparoscopic transhiatal approach. The authors’ actions were novel and
commendable when they encountered several difficulties in selecting the
surgical approach.
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Abstract
Wilson disease is an autosomal recessive disorder of
copper metabolism that can cause fatal neurological
and hepatic disease if not diagnosed and treated. The
youngest child with normal liver function reported so
far is an 8-mo-old Japanese boy with low ceruloplasmin
levels, and the youngest child with elevated amino
transferase ever reported so far is a 9-mo-old Korean
boy with confirmed by genetic testing. Here we report
an 8-mo-old Chinese boy presented with elevated liver
enzymes, and low serum ceruloplasmin level. Genetic
analysis of ATP7B gene detected two heterozygous
disease causing mutations (c.2621C>T/p.A874V and
c.3809A>G/p.N1270S), and parental origins were
determined. Persistent elevation of serum amino
transferase in this infant was normalized after zinc
therapy. To our best knowledge, this is the youngest
patient with elevated liver enzymes ever reported
worldwide. We hope that this will raise awareness
among pediatricians, leading to earlier diagnosis,
timely treatment, and better clinical outcome.
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Core tip: Wilson disease is rarely diagnosed during
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infancy. The youngest child with normal liver function
reported so far is an 8-mo-old Japanese boy, and
the youngest child with liver function abnormality is
a 9-mo-old Korean boy. Here we report an 8-mo-old
Chinese boy presented with elevated liver enzymes,
and low serum ceruloplasmin level. Diagnosis of Wilson
disease was confirmed with ATP7B gene sequencing of
the index case, and parental origins of disease causing
mutations were outlined. To our best knowledge, this
is the youngest patient with elevated liver enzymes
ever reported worldwide.
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Figure 1 ATP7B gene sequencing detected two heterozygous mutations
(p.A874V and p.N1270S) that have been reported to cause Wilson disease
in the Wilson Disease Mutation Database (http://www.wilsondisease.
med.ualberta.ca/database.asp), and predicted to be disease causing by
Mutation Taster (http://www.mutationtaster.org).

The ATP7B gene sequencing detected two heter
ozygous mutations (p.A874V and p.N1270S) that
have been reported to cause WD in the Wilson Disease
Mutation Database (http://www.wilsondisease.med.
ualberta.ca/database.asp), and predicted to be disease
causing by MutationTaster (http://www.mutationtaster.
org) (Figure 1). Sequencing also revealed 4 other
heterozygous non-synonymous allels and 1 allel in the
non-coding region, mutationtaster predicted them to be
single nucleotide polymorphisms (SNPs). Both parents
were screened for disease causing mutations and the
SNP in the non-coding region. Father was heterozygous
for the mutation of c.3809A>G (p.N1270S), and
mother was heterozygous for c.2621C>T (p.A874V),
and c.3903+6C>T (Table 2).
At the age of 23 mo, the patient was slightly
th
undernourished with a weight of 11.5 kg (below 50
percentile by The WHO Child Growth Standards:
http://www.who.int/childgrowth/standards/en/) and
th
a height of 83 cm (below 15 percentile). At the
last follow-up when the patient was 35 mo of age,
liver function test was normal. Linear growth had
significantly improved with weight for age reaching
th
above the 50 percentile (14.5 kg), and height for age
th
reaching above the 15 percentile (93 cm).

INTRODUCTION
Wilson disease (WD) is an autosomal recessive dis
order of copper metabolism caused by ATP7B gene
mutation. It can cause fatal damage to the liver and
brain tissues if not diagnosed and treated earlier. Age
at disease onset or appearance of clinical symptoms
[1]
can vary markedly among patients . The youngest
child with normal liver function reported so far is an
8-mo-old Japanese boy with a low ceruloplasmin
[2]
level . In terms of liver function abnormality, the
youngest child ever reported so far is a 9-mo-old
Korean boy with elevated aminotransferase confirmed
[3]
by genetic testing . Here we report an 8-moold Chinese boy who presented with elevated liver
enzymes, and the diagnosis of WD was confirmed
after ATP7B gene sequencing.

CASE REPORT
This boy first discovered to have abnormal liver
function after routine blood testing during a diarrhea
admission at 8-mo of age. After persistent elevation of
serum alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) levels, WD was suspected.
Serum ceruloplasmin level was found to be extremely
low, and disease causing mutations were found on
ATP7B gene sequencing. The patient was given oral
zinc therapy with 10 mg of elemental zinc 3 times
daily. At 14 mo of age, liver function significantly
improved but ALT and AST levels were still above
normal range. Persistent normalization was achieved
after zinc gluconate dosage was increased to 20
mg/3-times-a-day (Table 1). Clinical examinations
were negative for hepatomegaly, splenomegaly, K-F
ring, and sunflower cataract. Other causes of serum
aminotransferase elevation, such as viral hepatitis,
muscle disorders, and hemolytic diseases were ruled
out with proper investigations.
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T

DISCUSSION
[2]

Shimizu et al reported an 8-mo-old Japanese
boy found to have low level of ceruloplasmin after
mass screening. This child had normal liver function
test results, and normal urinary copper excretion.
However, the ATP7B gene sequencing detected a
homozygous frame-shift mutation (c.2302insC). Kim
[3]
et al reported a 9-mo-old male infant with elevated
aminotransferase detected after routine blood testing
for acute diarrhea. The serum ceruloplasmin level
was below normal range, but the 24-h urinary copper
excretion was normal. Compound heterozygous
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Table 1 Biochemical test results and treatment at various stages
Age (mo)
8
10
11
14
24
35

ALT (Normal range AST (Normal range GGT (Normal range TBA (Normal range Ceruloplasmin (Normal range
0-40 IU/L)
0-40 IU/L)
7-50 IU/L)
0-10 umol/L)
0.21-0.53 g/L)
247
270
350
152
43
37

193
104
185
83
30
26

ND
75
ND
ND
22
ND

ND
47.5
ND
ND
2.9
ND

ND
ND
0.079
ND
ND
ND

Treatment

zinc 30 mg/d
zinc 60 mg/d
zinc 60 mg/d
zinc 60 mg/d

ALP: Alkaline phosphatase; ALT: Alaninaminotransferase; AST: Aspartate amino transferase; GGT: Gamma glutamyl transpeptidase; TBA: Total bile acid;
ND: Not done.

Table 2 ATP7B gene sequencing results
Exons
Exon2
Exon3
Exon10
Exon11
Exon12
Exon16
Exon18
Intron

Heterozygous mutation/allel
(parental origin)

SNP number

Status on WD mutation
database

Mutation taster prediction
(score)

c.1216T>G, p.S406A (ND)
c.1366G>C, p.V456L (ND)
c.2495A>G, p.K832R (ND)
c.2621C>T, p.A874V (Mother)
c.2855G>A, p.R952K (ND)
c.3419T>C, p.V1140A (ND)
c.3809A>G, p.N1270S (Father)
c.3903+6C>T (Mother)

rs1801243
rs1801244
rs1061472
rs121907994/CM980173
rs732774
rs1801249
rs121907990/CM994116, CM930060
rs2282057

Non disease causing
Not found
Non disease causing
Disease causing
Not found
Not found
Disease causing
Not found

Polymorphism (99)
Polymorphism (32)
Polymorphism (26)
disease causing (64)
Polymorphism (26)
Polymorphism (64)
disease causing (46)
Polymorphism

Wilson Disease Mutation Database (http://www.wilsondisease.med.ualberta.ca/database.asp); Mutation Taster (http://www.mutationtaster.org); ND:
Parental sequencing not done.

mutations were found with genetic analysis (known
disease causing mutation of p.G1186S, and novel
frameshift mutation of c.4006delA that resulted a stop
codon).
The reason why this patient had such an early
disease onset could be genetic, environmental, or
combination of both. Two known disease causing
mutations were detected in this patient, along with
5 other non-synonymous SNPs plus 1 SNP in the
non-coding region. Non-synonymous SNPs might
not be disease causing when appeared alone, but
it is unknown whether it can contribute to disease
process when appeared in combination with other
disease causing mutations, or with other nonsynonymous SNPs. Over consumption of copper could
be considered as one of the causes of early WD onset.
An epidemiologic study of serum copper levels in 8
provinces of China revealed that serum copper levels
in people from eastern China were significantly higher
[4]
than that of middle and western China . Authors
also conducted a survey proving that more frequent
sea food consumption led to significantly higher
copper levels in the body. Dietary and environmental
factors may have played a role since coastal regions
in eastern China are more industrialized, and people
living there consumes more sea food than the people
from other parts of the country. There is also evidence
that long-term high copper intake in healthy men led
to significantly higher copper retention in the body,
and homeostatic regulation was not sufficient to
[5]
maintain a normal copper absorption . Our patient

WJG|www.wjgnet.com

came from the coastal Shandong Province in eastern
China, and potentially higher exposure to dietary and
environmental copper, coupled with potentially severe
disruption of copper homeostasis caused by ATP7B
gene mutation plus SNPs may have led to enough
copper accumulation, and caused liver damage at this
young age. However, further studies need to be done
in order to elucidate the complex interplay among
genotype, phenotype, and environmental factors (such
as diet and pollution).
In conclusion, an elevation of serum amino
transferase during infancy should always prompt
pediatricians to exclude WD with genetic testing if
other causes are negative.
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Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ying-Mo Shen, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
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Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague
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Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim

III

Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
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Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest

VI

Qatar
Abdulbari Bener, Doha
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Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
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EDITORIAL

Signs and genetics of rare cancer syndromes with
gastroenterological features
William Bruno, Giuseppe Fornarini, Paola Ghiorzo

Abstract

William Bruno, Paola Ghiorzo, Genetics of Rare Cancers,
Department of Internal Medicine and Medical Specialties,
University of Genoa, IRCCS AOU San Martino-IST, 16132
Genoa, Italy

Although the genetic bases of most hereditary cancer
syndromes are known, and genetic tests are available
for them, the incidence of the most rare of these
syndromes is likely underestimated, partially because
the clinical expression is neither fully understood nor
easily diagnosed due to the variable and complex
expressivity. The clinical features of a small pool of rare
cancer syndromes include gastroenterological signs,
though not necessarily tumors, that could require
the intervention of a gastroenterologist during any
of the phases of the clinical management. Herein we
will attempt to spread the knowledge on these rare
syndromes by summarizing the phenotype and genetic
basis, and revising the peculiar gastroenterological signs
whose underlying role in these rare hereditary cancer
syndromes is often neglected. Close collaboration
between geneticists and gastroenterologists could
facilitate both the early identification of patients or
relatives at-risk and the planning of multidisciplinary
and tailored management of these subjects.

Giuseppe Fornarini, Medical Oncology Unit, IRCCS AOU San
Martino-IST, 16132 Genoa, Italy
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Core tip: Close collaboration between geneticists and
gastroenterologists can facilitate early identification
of patients or relatives at-risk and the planning of
multidisciplinary and tailored management. This editorial
summarizes the diagnostic criteria, cancer associations
and genetic bases of very rare cancer syndromes whose
clinical features include gastroenterological signs.
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not to include very well known colon cancer prone
syndromes, e.g., HNPCC, FAP or the hamartomatous
syndromes, with the sole exception of SMAD4-related
hereditary hemorrhagic telangiectasia (HHT). It is a
lateral and complementary approach the complex
picture of genetic syndromes with gastroenterological
involvement. To this end, we chose the syndromes
(Table 1) that could benefit from the intervention of
a gastroenterologist in the diagnostic or surveillance
procedures, depending on when the gastroenterological
signs appear. A brief clinical description is presented for
each syndrome, including diagnostic criteria based on
updated guidelines, known or presumed genetic basis,
associated neoplasias and gastroenterological features.

INTRODUCTION
Five to ten percent of overall cancers is related
to hereditary cancer syndromes. The most rare
among these syndromes are characterized by very
infrequent tumors, i.e., with an incidence per year of
less 6/100000 per year, or by a peculiar clustering of
[1]
clinical signs often overlooked . The genes that are
responsible for hereditary cancer syndromes were first
[2,3]
identified in the 1990’s . Over the following years, the
molecular pathogenetic basis of several syndromes was
uncovered and the genetic testing became available for
them. The clinical description of such syndromes has
also been reviewed in terms of associated signs and
tumors so as to define the most accurate major and
minor criteria that can lead a clinician to the diagnosis.
However, some of these syndromes are still often
underdiagnosed since they are very rare or because
the clinical expression is not well known. In particular, a
variety of gastroenterological findings were associated
to a pool of rare hereditary cancer syndromes. Knowing
about these findings and being able to recognize them
can help clinicians in the early identification of patients
affected by these syndromes. The physicians would
therefore be able to plan multidisciplinary management
and identify asymptomatic at-risk relatives who
could then be offered the surveillance protocols. The
World Journal of Gastroenterology has already hosted
several scientific papers and reviews on risk factors
for, and genetic predisposition to, cancer syndromes
[4-7]
involving the gastroenteropancreatic (GEP) tract ,
[8-11]
polyposis syndromes
, and the clinical management
[12]
of rare intestinal diseases
or peculiar cancer
[13-16]
associations
. These papers highlight the increasing
relevance of studies that are carried out to identify
uncommon diseases and the importance of establishing
tailored treatment for these patients. Recently, a review
[17]
by Rubinstein et al
pointed out the strong clinical
impact of cooperation between genetic counselors and
gastroenterologists in terms of reducing disease burden
and improving cost-effectiveness. Genetic counselors
can assist clinicians in many ways, for example, during
the diagnostic steps or when talking to the patients,
as well as in evaluating the clinical usefulness of a
test or scheduling surveillance measures. On the
other hand, gastroenterologists can support genetic
counselors in each phase of the diagnostic and clinical
management. While the above cited reviews mainly
focus on hereditary gastrointestinal cancer syndromes,
our aim here is to summarize the phenotype and
genetic basis of rare hereditary cancer syndromes
presenting with gastrointestinal features, though
not necessarily cancers, whose exact prevalence is
currently unknown or underestimated. Thus, we chose
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Methodology

This review was prepared using data obtained by
inputting an appropriate choice of keywords in
the Pubmed search-engine in an effort to uncover
novelties regarding the genetic basis of the syndromes
we included. Furthermore, we also searched the
websites of scientific societies for epidemiological data
and updated clinical guidelines. The syndromes were
grouped into various subsets on the basis of the main
clinical features they share and on their prevalence.
Syndromes whose prevalence is unknown were
placed at the end, even if the grouping criteria are not
altogether accurate due to the overlapping of clinical
signs (Table 2).

SYNDROMES WITH VASCULAR OR
CYSTIC LESIONS
HHT

Brief clinical description: HHT, also known as OslerWeber-Rendu disease, is characterized by the presence
of multiple arteriovenous malformations (AVMs)
presenting both as visceral or as mucocutaneous
telangiectasias. Currently, six types of HHT have been
described, including HHT associated with Juvenile
polyposis (JP/HHT). The most common clinical
manifestation of HHT is spontaneous and recurrent
epistaxis, even at night-time, with an average age
at onset of 12 years. Approximately 80% of patients
have epistaxis by the age of 20. Visceral AVMs may
be diagnosed in the lungs, brain, liver, spinal cord
[18-21]
and in the gastroenteropancreatic tract
. The
[21-23]
prevalence of HHT is estimated at 1/10000 people
but this rate could be underestimated due to the
wide range of clinical severity and the fact that some
symptoms are common among the general population
or are present in other syndromes, i.e., cerebral
AVMs may be the result of a mutation in the RASA1
gene (RAS p21 protein activator 1) correlated with
Capillary Malformation-ArterioVenous Malformation
[24]
syndrome .
Genetics: HHT isinherited in an autosomal dominant
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Table 1 Main features of rare hereditary cancer syndromes with gastroenterological signs
Syndrome

Gene(s)/locus

Inheritance

11p15
BLM/RECQL3 (15q26.1)

Imprinting, UPD,
other
AR

PRKAR1A (17q24.2) Others?

AD

1-ENG (9q34.11)
2-ACVRL1 (12q13.13)
3-5q31.3-q32
4-7p14
5-GDF2 (10q11.22)
JP/HHT-SMAD4 (18q21.2)
MEN1 (11q13)

AD

PTCH1 (9q22.3)
SUFU (10q24-q25)
VHL (3p25.3)

AD

BWS
Bloom
Carney complex
HHT

MEN1
NBCCS
VHL

AD

Main associated neoplasias

Gastroenterological signs

Wilms tumor, rhabdomyosarcoma,
Abdominal wall defects,
neuroblastoma, adrenocortical carcinoma visceromegaly, hepatoblastoma
Cancers common in general population,
GERD, colon cancer
but presenting at an earlier ages
Myxomas, breast ductal adenomas,
Colon polyps and cancer,
LCCSCT
pancreatic cancer
Juvenile polyposis if correlated to SMAD4 GEP arteriovenous malformations
mutations

Parathyroid adenomas, pituitary tumors,
NET of the GEP tract
Basal cell carcinomas

Carcinoids, Zollinger-Ellison
syndrome
Lymphomesenteric cysts

Hemangioblastomas, CCRC,
pheochromocytoma,

Pancreatic and hepatic cysts,
PNETs

AD

UPD: Uniparental parental disomy; AD: Autosomal dominant; AR: Autosomal recessive; BWS: Beckwith-Wiedemann syndrome; CCRCC: Clear cell renal
cell carcinoma; GEP: Gastroenteropancreatic; GERD: Gastroesophageal reflux disease; HHT: Hereditary hemorrhagic telangiectasia; LCCSCT: Large cell
calcifying Sertoli cell tumor; MEN1: Multiple endocrine neoplasia type 1; NBCCS: Nevoid basal cell carcinoma syndrome; NET: Neuroendocrine tumor;
PNETs: Pancreatic neuroendocrine tumors; VHL: von Hippel-Lindau.

diagnosis. Less than 10% of patients in the latter
study were symptomatic. These lesions can lead to
portal hypertension, biliary disease and focal nodular
[29,30]
hyperplasia
. Pancreatic AVMs are common, but
[31]
rarely a clinical issue .

Table 2 Overlapping of gastroenterological signs among rare
cancer syndromes

Colon polyps/
cancer
Cystic or vascular
lesions
GEP endocrine
tumors

Bloom

HHT

Carney
complex

×

×

×

×

VHL

×
×

NBCCS MEN1

Von Hippel-Lindau syndrome

×

Brief clinical description: von Hippel-Lindau syndrome
(VHL) is a multiorgan disease with a pleiotropic
presentation characterized by cysts and benign tumors
with malignant potential. VHL prevalence is estimated
at 1/50-100000 and annual birth incidence is estimated
[32-34]
at 1/36000
. The average age at clinical diagnosis
is 26 years, but the signs of VHL may occur throughout
[35,36]
a subject’s lifetime
. VHL may be diagnosed in the
[37]
presence of two or more of the characteristic signs
listed in Table 3.

×

HHT: Hereditary hemorrhagic telangiectasia; VHL: Von Hippel-Lindau;
NBCCS: Nevoid basal cell carcinoma syndrome; MEN1: Multiple
endocrine neoplasia type 1; BWS: Beckwith-Wiedemann syndrome.

(AD) manner with high intrafamilial clinical variability.
HHT1, 2, 5 and JP/HHT are caused by mutations in
the genes involved in the Transforming growth factor
beta/Bone morphogenetic proteins signalling pathway
(TGF-β/BMP) (Table 1). Mutations in these genes
account for nearly 90% of individuals with a clear
[25]
diagnosis of HHT .

Genetics: VHL is an inherited condition with an AD
pattern caused by mutations in the VHL gene which
account for nearly 100% of cases. VHL syndrome
is the result of a de novo mutation in about 20% of
patients. The VHL gene encodes two ubiquitously
expressed protein products that, together with several
proteins, form a complex that marks transcription
factors such as hypoxia-inducible factor 1a and 2a
(HIF1a and HIF2a) for degradation. A deleterious
mutation in the VHL gene leads to the constitutively
active transcription of hypoxia-responsive genes.
Other mechanisms underpinning the typical features of
VHL are the overproduction of other hypoxia-induced
proteins, such as EPO, VEGF, PDGF and glycolysis
enzymes, and the interaction of VHL encoded proteins
[38,39]
with microtubules and fibronectin and cyclin D1
.

Associated neoplasias: Mutations in SMAD4 are also
[26,27]
associated with Juvenile polyposis
.
Gastroenterological features: about 25% of
patients manifest gastrointestinal bleeding (in most
cases after the age of 50) caused by telangiectasia.
Bleeding most frequently develops in the stomach and
[28]
in the duodenum .
Hepatic AVMs have been reported in 41% and
74% of patients in two studies, respectively, the
former using ultrasound and the latter using CT for
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tumors, and epididymal cystadenomas.

Table 3 Major/minor features for the diagnosis of rare cancer
syndromes with gastroenterological signs
Syndrome

Major features

Gastroenterological features: Pancreatic cysts
occasionally causing biliary obstruction, pancreatic neuro
[40,41]
endorine tumors (PNETs) with malignant potential
and
hepatic cysts.

Minor features

BWS

Macrosomia
Polyhydramnios
Macroglossia
Prematurity
Hemihyperplasia
Hypoglycemia
Ear-skin lobe creases or pits
Advanced bone age
Visceromegaly
Heart problems
Embryonal tumor (incl Wilms)
Diastasis recti
Adrenocortical tumor
Hemangioma
Kidney abnormalities
Facial nevus flammeus
Cleft palate
Characteristic facial features
Family history of BWS
Identical twins
Carney
Spotty skin pigmentation
Significant freckling
Myxoma
Multiple Blue nevi
complex
Heart myxoma
Café-au-lait spots
Breast myxomatosis
High IGF-1 levels, abnormal
glucose tolerance test
and/or paradoxical GH
response to TRH testing,
hyperprolactinemia
Breast ductal adenomas
Cardiomyopathy
PPNAD or abnormal result of
Pilonidal sinus
Liddle’s test
Acromegaly
Family history of Cushing’s
syndrome, acromegaly or
sudden death
LCCST
Multiple skin tags or
lipomas
Thyroid cancer
Colon polyps (usually with
acromegaly)
Psammomatous melanotic
Thyroid nodules
schwannoma
Blue nevi
Family history of thyroid,
colon, pancreas, and ovary
cancers
Osteochondromyxoma
NBCCS
Lamellar calcification of the
Lympho-mesenteric or
(Gorlin
falx
pleural cysts
Jaw keratocyst
Macrocephaly
syndrome)
(OFC > 97th centile)
Cleft lip/palate
Palmar/plantar pits (two or
more)
Multiple BCCs (> 5 in a
Vertebral/rib anomalies
lifetime) or a BCC before 30 yr
Childhood medulloblastoma
Preaxial/postaxial
polydactyly
Ameloblastoma[45]
Ovarian/cardiac fibromas
Ocular anomalies
VHL
Hemangioblastomas or a
Endolymphatic sac tumors,
single hemangioblastoma with papillary cystadenomas of
a visceral manifestation
the epididymis or broad
ligament, pNETs
Renal cell carcinoma
Adrenal or extra-adrenal
pheochromocytomas

Nevoid basal cell carcinoma syndrome (Gorlin
syndrome)

Brief clinical description: Nevoid basal cell carcinoma
syndrome (NBCCS), also known as Gorlin syndrome,
is characterized by a wide range of developmental
abnormalities and the predisposition to various
neoplasms. The estimated prevalence varies from
[42]
1/57000 to 1/256000 . A complete list of revised
[43-46]
diagnostic criteria
for NBCCS is reported in Table 3.
A diagnosis of NBCCS can be made in the presence of
two major criteria or one major and two minor criteria.
Genetics: NBCCS is caused by mutations in the
Patched homolog 1 gene (PTCH1) and transmitted in
an AD manner with complete penetrance but variable
expressivity. It encodes a transmembrane glycoprotein
that acts as a membrane receptor whose ligand
is the sonic hedgehog (SHH) protein, a regulation
factor of the Hedgehog family involved in embryonal
development events. PTCH1 represses transcription of
[42]
the genes of the SHH pathway
through the binding
of SHH. Mutations in another negative regulator
of the same pathway, i.e., SUFU (Suppressor of
fused), were described as being causative of NBCCS
and especially associated with the risk of pediatric
[47,48]
medulloblastoma
. Overall, if stringent clinical
criteria are applied, mutations in PTCH1 and SUFU
[45]
account for 87% of cases .
Associated neoplasias: The peculiar neoplasms
of NBCCS are basal cell carcinomas. Furthermore,
1%-2% of patients develop medulloblastoma,
mainly in the first two years of life, and they are of
the nodular/desmoplastic type. Ovarian fibromas,
fetal rhabdomyoma and other brain tumors have
been reported, but like basal cell carcinomas, their
development may also be secondary to radiation
therapy or may be the result of radiation hypersensitivity
which is typical of NBCCS patients.
Gastroenterological features: Single or multiple
chylous or lymphatic mesenteric cysts. Most are
asymptomatic and are found incidentally, therefore
[49]
the exact prevalence is unknown . Mesenteric cysts
may present as painless abdominal tumors or, on the
contrary, may be a rare cause of painful abdominal
pressure, sometimes associated with nausea and
vomiting. Other symptoms may arise from abdominal
organ compression or obstruction.

BCC: Basal cell carcinoma; BWS: Beckwith-Wiedemann syndrome;
LCCSCT: Large cell calcifying Sertoli cell tumor; NBCCS: Nevoid basal cell
carcinoma syndrome; PNETS: Pancreatic neuroendocrine tumors; PPNAD:
Primary pigmented nodular adrenocortical disease; VHL: von HippelLindau.

Associated neoplasias: VHL patients have an increased
risk of clear cell renal cell carcinoma, endolymphatic sac
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described in Neurofibromatosis and Tuberous sclerosis
(mainly gastric), and in von Hippel-Lindau (typically
pancreatic). MEN1-associated carcinoids are mainly
located in the foregut rather than in the midgut,
the site which is most commonly associated with a
metastatic spread. Carcinoids are more frequently
diagnosed after the appearance of the so-called
carcinoid syndrome due to the production of vasoactive
substances such as serotonin, or in the phase of
[63,64]
metastatic spread
.

Table 4 Tumors of Multiple endocrine neoplasia type 1
syndrome
Endocrine

Non-endocrine

Parathyroid tumor
Pituitary tumors
NET of the GEP tract

Facial angiofibromas
Collagenomas
Lipomas
Meningioma
Ependymoma
Leiomyomas
Carcinoid tumors
Adrenocortical tumors

SYNDROMES WITH COLON POLYPS/
CANCER

NET: Neuroendocrine tumors; GEP: Gastroenteropancreatic.

Bloom’s syndrome

SYNDROMES WITH GEP ENDOCRINE
TUMORS
MEN1 syndrome

Brief clinical description: MEN1 syndrome is
characterized by a triad of typical tumors that involve
the parathyroid glands, the pituitary gland and the
endocrine pancreas. Nevertheless, a wide range of
conditions and clinical signs, not necessarily oncological
or endocrine, have been associated with mutations
in the MEN1 gene. Postmortem studies report an
incidence of 0.25%. The prevalence of the MEN1
[50-52]
syndrome is estimated at about 1/30000 people
.
Genetics: The MEN1 syndrome is caused by mutations
in the MEN1 gene that encodes for tumor suppressor
protein menin. About 80%-90% of patients with a
family history of MEN1 have a mutation in MEN1 gene
[53]
vs 65% of sporadic cases .
Associated neoplasias: A list of MEN1-associated
tumors is provided in Table 4.

Genetics: Bloom’s syndrome is inherited in an auto
somal recessive (AR) manner and is caused by mutations
in the BLM gene. The BLM gene encodes a member of
the RecQ helicase family that cooperates with other
proteins in the maintenance of the structure and
integrity of DNA. Mutations in the BLM gene account
for nearly 90% of cases and for 100% of patients with
Ash
[67]
the typical blm deletion . Chromosome instability
and increased cell death lead to growth impairment
and to higher cancer risk.

Gastroenterological features: Neuroendocrine
tumors (NET) and carcinoids of the GEP tract. In
the MEN1 syndrome, PNETs occur in 40%-80%
of patients by the age of 40 and are represented
[54]
mostly by non-functioning tumors or gastrinomas .
Multiple insulinomas may also develop but they are
benign in approximately 90% of MEN1 patients, while
about 50% of gastrinomas and the majority of non
functioning PNETs are malignant. Zollinger-Ellison
syndrome is the main clinical presentation of the
gastrinomas which are the main cause of morbidity
[55-57]
and mortality in MEN1 patients
.
Based on the largest Swedish studies, 67.5%
of all carcinoids are located in the gastrointestinal
tract and represent about 40% of all small bowel
[58,59]
primary tumors
. The prevalence in the general
population of all carcinoids is 2/100000 but the
incidence of all types of neuroendocrine tumors is
[60-62]
rising
. Carcinoids occur within the context of
the MEN1 syndrome in about 10% of patients. A
higher risk of developing carcinoids has also been
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[65,66]

Brief clinical description: Bloom’s syndrome
is
characterized by: (1) a severe growth deficiency starting
in the prenatal period even though the proportions of the
body are normal with the possible exception of a slightly
small cranium; (2) the sparseness of subcutaneous fat
tissue; (3) erythematous and sun-sensitive skin lesions
on sun-exposed areas, typically with a butterfly-shape
on the face, commonly associated with fissuration of the
lower lip; (4) azoospermia in males, while females may
be fertile despite unusually early menopause; (5) facial
features such as a long and narrow face, a small lower
jaw, a large nose and prominent ears. A high-pitched
voice is often present; (6) diabetes mellitus; and (7)
immunodeficiency correlated with a lower concentration
of plasma immunoglobulins.
The Bloom’s Syndrome Registry (http://weill.
cornell.edu/bsr/) reports less than 300 patients worldwide of whom about 30% are of Ashknenazi ancestry.

Associated neoplasias: These patients develop the
same tumors that are among the most commonly
observed in the general population. However, they
occur at an earlier age and often relapse over time.
Gastroenterological features: Gastroesophageal
reflux is commonly present, and due to the aspiration
of gastric contents it causes respiratory tract and
middle ear infections. Colon cancer is one of the most
[68]
common tumors in these patients .

Carney complex

Brief clinical description: Carney complex was
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formerly known as the NAME syndrome (Nevi, Atrial
myxoma, Myxoid neurofibromas, Ephelides) or LAMB
syndrome (Lentigines, Atrial Myxoma, Blue nevi).
The major and minor features of Carney Complex are
listed in Table 3. At least two of the major features are
[69]
required for a diagnosis of Carney Complex .

(Adult skeletal muscle) or IGF2 (Insulin-like growth
factor type 2). Ten-20% of BWS cases are caused by
mosaic paternal uniparental disomy (UPD), therefore in
some cells the patients present two alleles of paternally
expressed imprinted genes but are missing the genes
that are expressed on the maternal chromosome
alone. BWS is rarely caused by mutations in CDKN1C
[79]
or structural alterations over chromosome 11 .

Genetics: 60%-75% of Carney complex cases are
familial and follow an AD inheritance pattern, while
the remaining present as sporadic and are likely due
to a de novo mutation. More than 60% of patients
have a mutation and up to 22% show deletions in the
PRKAR1A (protein kinase, cAMP-dependent, regulatory,
[70,71]
type Ⅰ, alpha) gene
. Recently, other genes have
been implicated in the Carney Complex, but further
studies are needed to confirm their association with
[72,73]
the syndrome
.

Associated neoplasias: Wilms tumor and adreno
cortical carcinoma are reported in about 40% and 20%
of cases, respectively. Other associated tumors include
rhabdomyosarcoma and neuroblastoma. Typical BWSassociated cancers develop in about 8% of patients,
mostly during the first decade of life, after which the
risk of cancer decreases until almost reaching that
of the general population. Cancer risk is highest in
children with visceromegaly, and especially in those
[80,81]
with nephromegaly
.

Associated neoplasias: Only about 700 cases of
Carney complex have been reported worldwide,
therefore no genotype-phenotype correlation or
specific risks for cancer are known. The list of reported
tumors include adrenocortical carcinoma, pituitary
tumors, thyroid tumors and Sertoli-Leydig cell tumors.

Gastroenterological features: Abdominal wall
defects, visceromegaly, hepatoblastoma, diastasis recti.

CONCLUSION
Recent research has uncovered the genes that are
responsible for many hereditary cancer syndromes,
and genetic testing is currently available for diagnostics
and for identifying asymptomatic family members.
These conditions include rare syndromes with gastro
enterological signs, though not necessarily tumors
(Table 1), which are frequently underdiagnosed. The
purpose of this editorial was to review the peculiar
gastroenterological signs whose role in helping identify
these rare hereditary cancer syndromes is often
neglected. Gastroenterologists, who already manage
protocols for cancer-prone family members, should
be aware of the progress that has been made in the
diagnosis and genetics of these hereditary cancer
syndromes in order to work in a multidisciplinary
framework with geneticists and oncologists.

Gastroenterological features: Colon polyps.
Colorectal, liver and pancreatic cancers have been
[74,75]
reported
.

SYNDROMES WITH CHILDHOOD ONSET
TUMORS AND GASTROINTESTINAL
ANATOMICAL DEFECTS
Beckwith-Wiedemann syndrome

Brief clinical description: the main features of this
overgrowth syndrome are macrosomia associated
with abnormal weight gain during childhood, macro
glossia and abdominal wall defects, e.g., omphalocele,
umbilical hernia, which are often present at birth.
Other features are visceromegaly, kidney abnorma
lities, hypoglycemia, ear-skin lobe creases or pits,
hemihyperplasia and an increased risk of childhood
tumors. At least one major feature and two minor
features are required for a diagnosis of BeckwithWiedemann Syndrome (BWS) (Table 3). The prevalence
of BWS, which is likely underestimated, is about
[76-78]
1/10000-1/15000 live births
.
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Hepatocellular carcinoma (HCC) is the predominant
form of primary liver cancer and represents the third
leading cause of cancer-related death worldwide.
Current available therapeutic approaches are poorly
effective, especially for the advanced forms of the
disease. In the last year, short double stranded RNA
molecules termed small interfering RNAs (siRNAs) and
micro interfering RNAs (miRNA), emerged as interesting
molecules with potential therapeutic value for HCC.
The practical use of these molecules is however limited
by the identification of optimal molecular targets and
especially by the lack of effective and targeted HCC
delivery systems. Here we focus our discussion on the
most recent advances in the identification of siRNAs/
miRNAs molecular targets and on the development of
suitable siRNA/miRNAs delivery systems.
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Core tip: Available therapeutic approaches for
hepatocellular carcinoma (HCC) are poorly effective,
especially for the advanced forms of the disease. In the
last year, short double stranded RNA molecules termed
small interfering RNAs (siRNAs) and micro interfering
RNAs (miRNA), emerged as interesting molecules with
potential therapeutic value for HCC. The practical use of
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these molecules is however limited by the identification
of optimal molecular targets and especially by the lack
of effective and targeted HCC delivery systems. Here
we focus our discussion on the most recent advances in
the identification of siRNAs/miRNAs molecular targets
and on the development of suitable siRNA/miRNAs
delivery systems.

and miRNAs targeted against any cellular RNA,
these molecules can be used to down regulate the
expression of virtually any gene causing disease. This
explains the great therapeutic potential, well witnessed
[7,9-15]
by the numerous papers so far published
.

Obstacles to the use of miRNAs/siRNAs

Despite the great therapeutic value, for the practical
use of miRNAs/siRNAs two orders of problems need
to be addressed. The first is represented by the off
targeting effect and the second deals with the effective
delivery.
[8]
The off targeting effect can be defined as the
possibility of miRNAs/siRNAs to interact, in addition
to the target RNA, also with other RNAs. This
phenomenon is based on an imperfect hybridization
between the miRNA/siRNA antisense strand and
RNAs different from the target. This can lead to the
unwanted silencing of genes resulting in unpredictable
effects in the diseased tissue and, more importantly,
in the healthy one. To minimize the side effects,
different strategies have been developed. Among
these, applicable solutions are the scale down of
miRNA/siRNA concentration, the chemical modification
[8]
and the careful choice of the sequences .
The delivery issue deals with the fact that following
systemic administration, siRNAs/miRNAs (Figure 1)
can be rapidly degraded by extracellular nucleases,
can be eliminated by the reticulo-endothelial system/
[16]
kidney filtration
and may activate the immune
[17,18]
system
. Moreover, being negatively charged
hydrophilic molecules, siRNAs/miRNAs are repulsed by
the negatively charged surface of the cell membrane
and by its hydrophobic layer. Notably, following cellular
uptake, siRNAs/miRNAs can be sequestered into
endosomes with no possibility to reach the target RNA
into the cytoplasm/nucleus. Finally, a targeting strategy
to the diseased tissue is utmost desirable to minimize/
abolish side effects stemming from the targeting of
the healthy tissue (Figure 1). So far, delivery systems
based on the use of viral vectors or synthetic vectors
have been developed. Here we will briefly discuss the
most recent news about the development of synthetic
vectors.
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INTRODUCTION
Hepatocellular carcinoma

Hepatocellular carcinoma (HCC), the predominant
form of primary liver cancer, is the third leading cause
[1-3]
of cancer-related death worldwide
. While HCC
is most common in Asia and Africa, its incidence in
the western countries is increasing. As usually HCC
diagnosis occurs in the advanced stage of the disease,
available treatments such as resection, liver transplant,
or local ablation are poorly if not at all effective. Also
systemic chemotherapy has limited effectiveness due
[4]
to general HCC resistance to anticancer agents . The
only drug that can significantly prolong patient survival
[5]
is Sorafenib ; unfortunately, however, the extent of
increased survival is very modest being of few months.
Together the above considerations clearly indicate
that the development of novel therapeutic approaches
for HCC are urgently necessary. In this regard, small
interfering RNAs (siRNAs) and micro-interfering RNAs
(miRNAs), belonging to the big family of nucleic acid
[6,7]
based drugs , are emerging as attractive therapeutic
molecules.

MiRNAs/siRNAs

MiRNAs and siRNAs are short RNAs synthesized within
the cell or deriving from extracellular sources such as
viruses and transposons, respectively. Two doublestranded RNA filaments named sense and antisense
strand constitute siRNAs and miRNAs. The antisense
strand is incorporated into the protein complex RISC
(RNA-induced silencing complex) guiding it to the RNA
target. In the case of miRNAs, the antisense strand
binds the target RNA via a partial complementarity;
a perfect complementarity occurs in contrast for the
siRNA antisense strand. miRNA-guided RISC induces
the down-regulation of target gene expression either
via the impairment of protein translation or via the
[8]
degradation of the target RNA . siRNA-guided RISC
represses target gene expression only via target RNA
degradation.
As it is possible to chemically generating siRNAs
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THERAPEUTIC POTENTIAL OF MIRNA/
SIRNA FOR HCC
Despite the above mentioned problems, active
investigations are in progress for: (1) the identification
of suitable anti HCC target for siRNA/miRNAs; and (2)
the development of effective and targeted delivery
systems for siRNA/miRNAs to the liver. Among the
[19]
several works reported in the past , in the following
sections, we have reported some of the most
notable and recent examples of works aimed at the
identification of molecular HCC targets and delivery
systems based on the use of miRNAs/siRNAs.
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alterations in liver morphology. In HCC tissue, integrins
targeting invariably down modulate HCC progression,
via the reduction of cell proliferation and the increase
of tumor cell death. These data indicate that HCC cells
are more sensitive to integrins targeting than normal
hepatocytes. This supports the concept that siRNAmediated inhibition of integrins may preferentially
affect HCC tissue in so resulting in a specific effect.
However, the observed negative effects to the healthy
liver in the long-term suggests that a more refined
delivery approach has to be developed for futures
studies.
More common in the literature are works addressing
the silencing of gene over-expressed in HCC compared
to normal liver (approach 2). Clinicians know very well
that a major problem in improving the survival of HCC
patients is represented by the early recurrence of the
[21]
disease. To study this aspect, Chen et al
explored
the possibility of down regulating the Epithelial cell
transforming sequence 2 (ECT2). Overexpression of
ECT2 has been described in several human cancers
including lung, oesophageal and glioblastoma. In
HCC, the authors found that ECT2 is up-regulated in
tumor samples compared to normal tissues. Moreover,
ECT2 expression is markedly up-regulated in early
recurrent HCC tissues compared to non-recurrent.
Notably, patients with high ECT2 expression have a
significantly shorter disease free duration compared to
patients with low ECT2 expression. In a subcutaneous
xenograft model of HCC, it was demonstrated that
ECT2 targeting by siRNAs delivered via a viral vector,
significantly reduced tumor growth. This was due
to a G1 phase arrest secondary to the inhibition of
the Rho/ERK pathway. Despite no reported evidence
of improved animal survival, this work opens the
possibility that ECT2 is an attractive target to reduce
HCC recurrence.
[22]
Huang et al have used an interesting approach to
identify novel anti HCC target. The authors established
a murine HCC model driven by Myc overexpression
and p53 loss, two genetic signatures commonly found
in human HCC. The authors screened in the HCC
model developed a custom library of short hairpin
RNAs (shRNAs) directed against known drug targets.
By this approach, it was possible to identify Cdk9, a
key component of the transcription elongation factor b
complex. In vitro and in a murine orthotopic model of
HCC, it was shown that the siRNA mediated silencing
of CdK9 down modulates the aberrant proliferation of
Myc-overexpressing HCC tumor. These data indicate
CDK9 inhibition as a therapeutic strategy for Mycoverexpressing liver tumors. No evidences of the
effects of CdK9 targeting in the normal liver cells were
reported, thus a possible toxicity for the normal liver
cannot be excluded. Of course, this event may be
circumvented by using delivery systems specifically
targeting HCC cells but not normal hepatocytes.
To control viral infection, cells produce interferons

NPs delivery
Vessel
Liver
Nucleus

Endosome
Receptors
siRNA/miRNA
Endosome
escape

Cytoplasm

NPs
Release
dissociation

Figure 1 Small interfering RNAs/micro-interfering RNAs delivery. Ideally,
the optimal delivery system should be able to discriminate between healthy
hepatocytes (brown cells) and hepatocellular carcinoma cells (red cell). In
addition, it should be able to protect small interfering RNAs (siRNAs)/microinterfering RNAs (miRNAs) and favor their cellular uptake. NPs: Nanoparticles
loaded with the therapeutic siRNAs/miRNAs.

Molecular targets for HCC

Different strategies have been recently investigated
to try to combat HCC (Table 1). Among these, it can
be included approaches based on: (1) the targeting
of proteins more relevant for HCC cell survival than
for normal liver cells; (2) the targeting of genes
overexpressed in HCC compared to the healthy liver;
and (3) the targeting of genes causing drug resistance.
Within approach 1, the siRNA-mediated silencing
of integrins should be mentioned. Integrins are
extracellular matrix receptors playing important and
different roles with regard to the regulation of cell
[20]
motility, survival and proliferation. Bogorad et al
have used multiple anti-integrin siRNAs, chemically
modified to improve the stability, to reduce the
off-target potential and to minimize the possible
immune response. As delivery device, nanoparticles
made by ionisable lipid or cationic lipid were used to
form spontaneous complexes with siRNAs. In vivo
(rat model), short term (two weeks) targeting of
integrins did not significantly alter liver functions, as
evaluated by histological analysis and by checking
the biochemical markers of liver function. However,
long-term down-regulation (seven weeks) caused
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Table 1 Targeting hepatocellular carcinoma related gene products
No.
1
2
3
4
5
6

Approach

Molecular target

In vivo model

Effects

Ref.

Targeting molecules more relevant for HCC
than normal liver
Targeting molecules overexpressed in HCC
tissue
Targeting molecules overexpressed in HCC
tissue
Targeting molecules overexpressed in HCC
tissue
Targeting of genes causing drug resistance
Targeting of genes causing drug resistance

Integrins

Mouse genetically induced HCC

Reduction HCC cell proliferation

20

ECT2

Mouse xenograft HCC

Reduction HCC cell proliferation

21

CDK9

Mouse orthotopic HCC

Reduction HCC cell proliferation

22

ISG15

Mouse xenograft HCC

Reduction HCC cell proliferation

23

Mapk14
Aurora-A

Mouse genetically induced HCC
Increased sorafenib sensitivity
Mouse xenograft HCC
Increased adriamycin and cisplatin
sensitivity

24
25

HCC: Hepatocellular carcinoma.

(IFNs), a series of pro-inflammatory cytokines, which
can block viral infection and replication. IFNs exert
their action via the activation of a number of effectors
among which IFN-stimulated genes 15 (ISG15). This
is an ubiquitin-like protein that conjugates to cellular
substrates to form ISGylated proteins; the conjugation
provides a tag that either marks the labeled protein
for degradation or modulates its function. Aberrant
functioning of ISG15 correlates with aberrant cell
signaling and malignant transformation. Recently it
[23]
has been shown
that ISG15 is highly expressed in
HCC tissues and its expression significantly correlates
with the HCC differentiation grade and patient survival.
Based on these observations, in a subcutaneous
xenograft mouse model of HCC, the authors
administered by direct tumor injection, an anti ISG15
siRNA. ISG15 silencing significantly inhibited tumor
growth and reduced micro-vessel density. Notably, a
prolonged animal survival of about 15% was observed.
Whereas future investigation on the effects of ISG15
targeting in healthy hepatocytes are required, the data
reported constitute a first step in the identification of
ISG15 as a valuable siRNA target to counteract HCC.
With regard to approach 3 (targeting of genes
causing drug resistance), it should be mentioned the
[24]
work of Rudalska et al . The authors have proposed
a strategy based on the identification of gene products
whose inhibition can increase the therapeutic efficacy
of the only approved anti HCC drug, i.e., sorafenib.
It was thus developed a novel siRNA-based approach
to screen in vivo genes whose inhibition increases
the therapeutic efficacy of sorafenib. Because of
this investigation, the kinase Mapk14 resulted to
be a key element of sorafenib resistance in mouse
and human liver cancer. The siRNA mediated intratumor knockdown of Mapk14, sensitized the mice to
sorafenib treatment resulting in a significant longer
survival and reduced tumor growth compared to mice
treated by sorafenib alone. Notably, Mapk14 inhibition
did not result in a significant toxicity for the treated
animals, as evaluated by body weight measurement.
Moreover, the authors showed that the combinatorial
treatment with sorafenib and Mapk14 inhibitor had no
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negative impact on liver regeneration. This is a pivotal
feature for any HCC therapeutic approach; indeed,
liver carcinomas mostly arise in cirrhotic livers with
impaired function and regenerative capacity, which
should not be affected by the therapeutic approach.
As the authors demonstrated the significant lack of
toxicity following Mapk14 chemical inhibition alone, the
same should be done also when using siRNAs.
Aurora kinases are a novel family of serine/
threonine kinases which includes Aurora-A, Aurora-B
and Aurora-C. Aurora-A is crucial for mitosis and
has a relevant role in tumorigenesis. In HCC the
expression level of Aurora-A has been proposed as
a reliable marker to predict HCC patient prognosis.
[25]
Based on these observations, Zhang et al
studied
the effects of Aurora-A silencing by siRNAs. In HCC
cell lines, Aurora-A silencing significantly reduced
colony formation and promoted apoptosis. Moreover,
the down regulation of Aurora improved the chemosensitivity to the chemotherapeutic agents adriamycin
and cisplatin via the increase of apoptosis. These
data were subsequently confirmed in a subcutaneous
xenograft mouse model where it was shown that not
only Aurora-A silencing reduced tumor growth but also
potentiated the effects of adriamycin and cisplatin.
Despite no evidences of improved animal survival have
been reported and no investigations on the effects of
Aurora-A silencing in healthy hepatocytes have been
performed, this study may pave the way for a novel
approach to HCC treatment.

Liver directed delivery systems for siRNAs/miRNAs

In addition of being effective, therapeutic approaches
should be as specific as possible to avoid significant
toxic effects. The works above discussed indicate
that a certain level of specificity can be achieved by
targeting gene products more relevant for HCC cell
survival than normal liver cells. However, this level of
specificity has to be improved, especially for drugs
administered systemically. To this end, researchers
have explored the possibility to develop liver specific
delivery following various approaches (Table 2).
[26]
Sajeesh et al
developed nanoparticles (NPs)
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experimental settings where long (pDNA) and short
(siRNA) needs to be delivered to same target cells.
Potentially, our system can allow the co-delivery of
a therapeutic siRNA together with a therapeutic long
nucleic acid encoded by the plasmid. Future studies in
animal models will better define the effectiveness of
our copolymer (work in progress).
Another novel siRNA delivery-polymer we recently
developed is based on inulin (Inu), an abundant and
natural polysaccharide, conjugated with diethyle
[29]
netriamine (DETA) residues (Inu-DETA) . Our data
indicate that Inu-DETA polyplexes can effectively
bind siRNAs, are highly cyto-compatible and, in the
hepatocellular carcinoma cells JHH6, can effectively
deliver functional siRNA targeted against the mRNA of
the cell promoter gene E2F1. This, in turn, induces a
potent anti-proliferative effect. Notably, we observed
that the mechanism of polymer-siRNA uptake and
trafficking, i.e., micropinocytosis and clatrin mediated
endocytosis, is crucial to allow the proper siRNA
cellular distribution and thus effectiveness in JHH6. In
contrast, in the bronchial cell line 16HBE where the
uptake mechanism (caveolae mediated endocytosis)
does not allow the proper distribution of siRNA within
the cell, no significant effects are observed. This data
stresses the relevance of the proper trafficking for
efficient siRNA delivery and suggests that delivery
specificity may be also achieved at the trafficking level.
Future in vivo investigations will better define this
peculiar feature of our delivery polymer.
Lipids are frequently used as siRNA delivery devices
[30]
in many experimental therapeutic approaches
including those targeting the liver. Cationic lipids,
bearing different degrees of positive charges, are the
most studied system used for nucleic acid delivery.
They can protect siRNAs from degradation and, due
to the positive charge, can promote the binding to
the negatively charged cell surface. Lipid NPs can be
combined with polyethylene glycol (PEG), a polymer
consisting of ethylene oxide able to stabilize lipid NPs.
In addition, PEG can protect lipid NPs shielding them
from inactivation by the immune system. Using lipid[31]
PEG carriers, Chen et al
studied the possibility
to prepare liver directed NPs containing siRNAs via
subcutaneous (sc) administration. The advantages of
s.c. administration compared to iv include the potential
for self-administration and a prolonged therapeutic
window due to a depot effect. The authors investigated
the effects of NPs size and the influence of hepatocytespecific targeting ligands. Variation in NP size was
obtained by varying the PEG-lipid content. Optimal
NPs size for liver accumulation was found to be of
approximately 45 nm. These NPs allowed a reduction
of the siRNA target (FVII mRNA) down to 80% of
control. FVII, one of the proteins that causes blood
to clot in the coagulation cascade, is produced and
secreted by hepatocytes into the circulation. Notably,
following a single sc injection with 1 mg/kg of NPs,
the amount of circulating FVII was reduced down to

Table 2 Delivery systems for short RNAs
Approach

Molecular
target

In vivo model

Effects

Ref.

ApoB

E2F1

-

4

Lipid-PEG

FVII

5

pH-sensitive
lipids
US sensible
lipids

miRNA 122

Normal
mouse liver
Normal
mouse liver
Mouse
Xenograft
HCC

Healthy liver
targeting
HCC cell in
vitro targeting
HCC cell in
vitro targeting
Healthy liver
targeting
Healthy liver
targeting
HCC
targeting

26

E2F1

Normal
mouse liver
-

3

PEI-GAL nano
particles
PHEADEAEMA
Inu-DETA

No.
1
2

6

BCL-2

27
29
31
32
33

PEI: Polyethyleneimine; DEAEMA: Diethylamino ethyl methacrylate;
miRNA: Micro interfering RNA; HCC: Hepatocellular carcinoma.

constituted by siRNAs bound to linear high molecular
weight polyethyleneimine (PEI), functionalized with
galactose (GAL) units. PEI, a polymer with repeating
unit composed of amine, is able to condense nucleic
acid molecules into positively charged particles,
which in turn can bind to the anionic surface of
cells allowing uptake via endocytosis. Galactose is
a molecule recognized by the asialoglycoproteins
receptors present on liver cells, thus facilitating a
receptor-mediated uptake. In vitro, NPs containing
GAL modified PEI complexed with Cy3 labeled siRNA,
reached significantly better uptake in the liver Hep3B
and Hepa 1-6 cells compared to NPs lacking GAL
residues. Functional studies, performed using siRNAs
targeted against the ApoB gene, showed a marked
reduction in the target mRNA which was reduced down
to 70% at the siRNA concentration of 100 nmol/L. NPs
delivered systemically in mouse, showed the maximum
accumulation in the liver region with a remarkable
reduction in target mRNA which reached 40%. This
interesting approach may represent a starting point
to develop HCC specific delivery system; however, it
has to be improved the ability to discriminate between
healthy and tumor liver cells.
Recently we developed a novel polymeric-based
delivery system for siRNAs in HCC cells. We used a
copolymer based on α,β-poly(N-2-hydroxyethyl)-D,Laspartamide (PHEA) bearing positively chargeable side
oligochains, with diethylamino ethyl methacrylate as
monomer. In vitro, a siRNA against the transcription
factor E2F1, was successfully delivered to the HCC
cell line HuH7. Consequently, the successful E2F1
targeting resulted in a significant decrease of HuH7
proliferation, as expected due to the relevant role of
[27,28]
E2F1 in HCC
. An advantage of our system is that it
can effectively deliver not only siRNA but also plasmid
DNA (pDNA). Thus, it allows minimizing possible
artifacts introduced by the use of different delivery
agents for siRNAs and pDNA. The possibility to employ
the same delivery system is very convenient for many
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50% with the effect lasting up to seven days. Smaller
particles (approximately 35 nm) were far less effective.
However, the incorporation into these smaller NPs of
galactose residues, dramatically improved the efficacy
as almost 90% of FVII knockdown was obtained
with the effect lasting for 7 d. These data confirm
the usefulness of using liver targeting molecules and
indicate the relevance of NPs physical properties such
as the size.
Lipids have been also utilized to deliver nucleic
acid molecules without conjugates; in this case,
other smart modifications have been introduced. For
[32]
example, Hatakeyama et al
developed lipid NPs
(MEND) containing a pH-sensitive cationic lipid YSK05
(YSK05-MEND). These NPs, being pH-sensitive, favor
endosome escape and thus nucleic acid diffusion
in the cytosol. The authors loaded NPs with a short
nucleic acid (anti miRNA 122) targeting miRNA 122.
This is a liver specific miRNA playing important roles
in liver physiology (lipid metabolism) and HCC. The
choice of targeting a liver specific miRNA, confers to
the approach an intrinsic specificity. In cultured liver
cancer cells (Hepa1c1c7), YSK05-MEND had improved
delivery efficacy compared to the commercially
available lipid Lipofectamine 2000 (LFN2k), mostly due
to the efficient endosomal escape. Notably, significantly
reduced toxicity was observed compared to LFN2k. In
mouse, following vein tail administration, there was
a predominant accumulation in the liver. The authors
explained this observation with the fact that neutral
liposomes tend to absorb apolipoprotein E (apoE) in
the circulation; this in turn enhances the uptake of the
liposomes by hepatocytes via specific receptors (lowdensity lipoprotein receptors). In this regard, it would
have been interesting to test whether the delivery
system developed has the possibility to discriminate
between healthy and cancer hepatocytes in vivo.
The accumulation of NPs in the liver was paralleled
by the knockdown of miR-122 with the increase of
the mRNA levels of the miR-122 target genes. This
effect lasted up to two weeks. Notably, no major
toxicity was observed as evaluated by mouse body
weight measurement over 25 d and by monitoring
liver transaminases levels (48 h after NPs injection).
This smart work indicates that liver targeting may be
achieved also via physiological features such as the
lipid absorption of apoE.
Lipid NPs carrying nucleic acids can also be
prepared to contain an ultrasound (US) gas. The
application of a US pressures above a certain threshold
causes a violent NPs collapse which results in NPs
disruption and nucleic acid release. In vivo, US also
determine the transient disruptions of cell membranes,
thus allowing the transport of nucleic acid from NPs to
cells. Applying US at a defined site, it is also possible
obtaining a specific delivery via a physical approach.
[33]
Yin et al
have used the US sensible NPs (US-NPs)
to deliver a siRNA together with the anti-tumor drug
paclitaxel (PTX). In the HCC cell line HepG2 in the
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presence of US, US-NPs loaded by a red fluorescent
siRNA and a green vital die, could deliver efficiently
the two molecules through the entire cells and to the
cytoplasm, respectively. Notably, in the absence of
US, the delivery efficiency was dramatically reduced.
US-NPs loaded PTX and a siRNA against the mRNA
of the anti-apoptotic gene BCL-2, resulted in the
remarkable down regulation of BCL-2 in the presence
of US. This in turn determined a potent pro-apoptotic
effect significantly superior to those obtained by
US-NPs loaded with PTX or siRNA alone. For in vivo
studies, the authors used a mouse HepG2 xenograft
subcutaneous model. Following die labelled US-NPs
delivery via the tail vein, it was possible to observe
a clear tumor localization of US-NPs only upon US
application. Using US-NPs loaded by PTX and siRNA
anti BCL-2, the application of US substantially blocked
the tumor growth; this resulted in an increase of
animal survival compared to all the controls considered
(US-NPs with PTX and siRNA without US application,
US-NPs with PTX and US application, US-NPs with
siRNA and US application). This work is particularly
interesting as it shows the possibility to get a target
delivery via a physical approach. It remains to be
determined how efficient the system could be in
an orthotopic model of HCC. Despite this, the work
demonstrates the possibility to overcome HCC drug
resistance by combining clinically used drug and siRNA.

CONCLUSION
Effective therapeutic approaches for HCC, especially
in its advanced forms, are now not available. In this
regard, the use of siRNAs/miRNAs is considered to
have a great therapeutic potential. This is substantially
because it is possible to generate siRNAs/miRNAs
silencing the expression of any genes implicated
in HCC. Additionally, by properly addressing the
possible off targeting effect, it is feasible to reach
a great specificity of biological action. The use of
multiple siRNAs/miRNAs also allows to target different
members of a pathological pathway, potentially
resulting in an improved anti HCC effects. In addition,
the combination of siRNAs/miRNAs administered with
clinical used drugs may reciprocally potentiate the
therapeutic effects of the two types of molecules.
Despite the great therapeutic potential, the use of
siRNAs/miRNAs as anti HCC agents has not yet reached
the clinical relevance. This is substantially due to the
lack of appropriate delivery systems. If administered
as naked molecules, siRNAs/miRNAs are rapidly
degraded by nucleases, cleared by the kidneys and
cannot efficiently cross cellular membranes. Whereas
these aspects can be significantly circumvented by
the available delivery systems, further optimization
is required for the targeting issue. Examples of
liver directed delivery systems are described in the
literature; however, improvements in the possibility to
discriminate between HCC and normal liver cells is still
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necessary. Additionally, it should be considered that the
HCC tissue is almost exclusively arterially vascularized,
unlike the normal liver, which has a dual supply with
a portal component of 75% to 80% and an arterial
[34]
component of only 20% to 25% . This implies that
it will be important to concentrate the attention on the
development of delivery systems suited for the intraarterial administration rather the iv.
In conclusion, despite further improvements in
the use of siRNA/miRNAs as potential novel anti HCC
drugs are necessary, the progresses achieved in the
last years fully justify further efforts in the field.
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Abstract

Goran Augustin, Department of Surgery, Division of Gastroin
testinal Surgery, University Hospital Center Zagreb and School
of Medicine, University of Zagreb, 10000 Zagreb, Croatia

Fournier’s gangrene (FG) is a rapid progressive bacterial
infection that involves the subcutaneous fascia and
part of the deep fascia but spares the muscle in the
scrotal, perianal and perineal region. The incidence has
increased dramatically, while the reported incidence of
rectal cancer-induced FG is unknown but is extremely
low. Pathophysiology and clinical presentation of rectal
cancer-induced FG per se does not differ from the other
causes. Only rectal cancer-specific symptoms before
presentation can lead to the diagnosis. The diagnosis of
rectal cancer-induced FG should be excluded in every
patient with blood on digital rectal examination, when
urogenital and dermatological causes are excluded
and when fever or sepsis of unknown origin is present
with perianal symptomatology. Therapeutic options are
more complex than for other forms of FG. First, the
causative rectal tumor should be removed. The survival
of patients with rectal cancer resection is reported as
100%, while with colostomy it is 80%. The preferred
method of rectal resection has not been defined.
Second, oncological treatment should be administered
but the timing should be adjusted to the resolution
of the FG and sometimes for the healing of plastic
reconstructive procedures that are commonly needed
for the reconstruction of large perineal, scrotal and
lower abdominal wall defects.
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in immunocompromised persons.
When referring to FG there are two important
issues. First, it is important to define FG precisely
because sometimes authors attribute other forms of
infection to FG that require only simple drainage of
[8]
pus and not extensive debridement . In such cases,
prognosis is excellent and the inclusion of these
patients in the FG group leads to wrong conclusions.
Second, diagnostic, therapeutic and prognostic
parameters with longer follow-up should be written
in future reports to have a complete picture of FG,
especially rectal cancer-induced FG, which is extremely
rarely published.

Core tip: The reported incidence of Fournier’s gangrene
(FG) has increased dramatically, while the reported
incidence of rectal cancer-induced FG is unknown but is
extremely low. Therapeutic options are more complex
than for other forms of FG. First, the causative rectal
tumor should be removed - survival with rectal cancer
resection is reported as 100%, while with colostomy
it is only 80%. Second, the timing of the oncological
treatment should be adjusted to the resolution of
the FG and sometimes for the healing of plastic
reconstructive procedures commonly needed for the
reconstruction of large perineal, scrotal and lower
abdominal wall defects.

PUBMED AND GOOGLE SCHOLAR
SEARCH

Bruketa T, Majerovic M, Augustin G. Rectal cancer and Fournier’s
gangrene - current knowledge and therapeutic options. World J
Gastroenterol 2015; 21(30): 9002-9020 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i30/9002.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i30.9002

A Pubmed and Google Scholar search were conducted
using the keywords “Fournier’s gangrene”, “necrotizing
fasciitis”, “rectal cancer” and “rectal tumor”. Inclusion
criteria were restricted to all case reports and case
series in which the rectal cancer was confirmed as a
cause of FG. Of the 27 articles dating from 1988 to
2014, 23 were available as full-text and were relevant
to our review.

INTRODUCTION
There has been confusion in the literature as to the
precise definition of necrotizing fasciitis (NF) and
Fournier’s gangrene (FG), which has been compounded
by the use of multiple terms. Even although NF was
actually first described by Hippocrates in the 5th
century BC as a complication of erysipelas (many
were attacked by the erysipelas all over the body
when the exciting cause was a trivial accident flesh,
sinews and bones fell away in large quantities, there
[1]
were many deaths) , the description of the disease
[2]
has been attributed by many to Avicenna (1025)
[3]
and Baurienne (1764) . When NF involves the male
genitalia, it is known as FG after Jean Alfred Fournier
who described it in 1843 and Jones coined the term
[4]
hospital gangrene in 1871 . In 1952, Wilson coined
the term NF to describe the disease process that can
occur in other parts of the body in either gender but
which, when affecting the perineum, still merits the
[5]
eponym FG .
Criteria for NF include: (1) fascial necrosis; (2)
spreading cellulitis with undermining of fascial planes;
and (3) systemic toxicity with altered mental state
and hyperthermia. Some add (4) multiorgan failure
as a criterion. NF is classified into four types. Type 1 is
due to a mixture of aerobic and anaerobic organisms,
usually following an abdominal or inguinal operation,
or it is associated with diabetes mellitus. It is the
most common, accounting for 80% or more of all the
necrotizing soft tissue infections (NSTIs), including
[6]
FG . Type 2 is due to Group A Streptococcus infection
synergistic with a second organism (Staphylococcus
aureus, coliforms, Bacteroides spp.) observed in the
[7]
limbs . Type 3 stems from gram-negative marine
bacteria. Type 4 is a fungal infection occurring mostly

WJG|www.wjgnet.com

Incidence
The overall (reported) incidence of FG increased
th
dramatically in the 20 century. From 1764 to 1978
there were 386 reported cases and from 1950 to
[9]
1999, 1726 cases . The incidence is rising due to an
increase in the mean age of the population, increased
numbers of patients with comorbidities, widespread
use of immunosuppressive therapy and those suffering
from human immunodeficiency virus (HIV) infection,
[10,11]
especially in Africa
. The overall incidence is
1.6/100000 males and represents less than 0.02%
[10]
of hospital admissions . The real incidence could
be underestimated because most cases with a grave
prognosis were not published.

Anorectal causes

Anorectal pathology is the most common cause in
both males and females (Table 1). The incidence
varies significantly, mostly between 20% and 60%
depending on the (sub)population analyzed. The most
common causes are perianal/ischiorectal abscess and
hemorrhoidectomy (Table 2). Other common causes
are rectal injury and perianal fistula (Table 2); less
common causes include sigmoid/rectal carcinoma,
colorectal anastomotic dehiscence, appendicitis,
perforated sigmoid diverticulitis, rectal biopsy, artificial
sphincter or even anal dilation.

Rectal cancer-induced FG

The incidence of rectal cancer-induced FG is unknown.
The first known case (of a famous person) with FG
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Table 1 Anorectal causes of Fournier’s gangrene - incidence, colostomy rate, duration of hospitalization and survival
Ref.

Anorectal
cause

Benjelloun el et al[12], 2013
Bhatnagar et al[13], 2008

70.00%
7.30%

Cakmak et al[14], 2008
Carroll et al[15], 1986
Czymek et al[16], 2009
Efem[17], 1994
Eke[9], 2000
Eskitaşcıoğlu et al[18], 2014
Fajdic et al[19], 2007
Ghnnam et al[20], 2008
Rodríguez Hermosa et al[21],
2001
Jiménez-Pacheco et al[22],
2012
Kahramanca et al[23], 2014
Kara et al[24], 2009
Karbhari et al[25], 2014
Khan[26], 2009
Khandelwal[27], 2013
Korkut et al[28], 2003
Liang et al[29], 2008

20.00%
21.00%
24.60%
58.00%
87.50%

Rectal cancer Colostomy (allMale:female
Rectal
cause/rectal
ratio
cancer in all- in anorectal
cause)
cause group cause group

Survival (allcause/rectal
cause)

The most
common
region

Duration of
hospitalization
(d)

scrotum
Scrotum

21.00
19.30

0%
0%

10%/no data
4%/no data

76%/no data
92.7%/no data

63.10%
50.00%
57.60%
0.00%
21.00%
20.00%
42.85%
54.05%
30.00%

44:6
Male only
(110)
45:20:00
13:1
23:10
Male only (20)
10:1
19:1
Male only (7)
Male only (74)
Male only (10)

0%

23.1%/no data
28.57%/no data

70.3%/no data
79%/no data
81.9%/no data

29.70%

Male only (37)

0%

22.06%
33.30%

48:20
10:5

Morua et al[30], 2009

Male only (19)
Male only (57)
37:8
Female only
(8)
48:2

3%
0%

5.26%

24.40
48.00
Scrotum

84%/no data
2.50%
0%
0%
0%

50.00%

15%/no dana
14.3%/no data
1.4%/no data
30%/50%

Scrotum
Perianal

85.7%/no data
78.4%/no data
60%/75%

Scrotum

95%/no data

1.47%
0%

6.67%

0%
0%
0%
2.22%
0%

22.06%/no data 92.65%/no data
53.3%/no data
80%/no data
80%/no data

3.85%

5.3%/no data
20.3%/no data
40%/no data
87.5%/85.7%

68.5%/no data
80%/no data
75%/85.7%

10%/no data

88%/no data

2-278
34.78
25.80
9.20
27.00
27.54
15.37

Scrotum and
perineum
Scrotum
26.00
19.60
12.00
32.20
Scrotum

23.76

Table 2 Anorectal causes of Fournier’s gangrene
Ref.

Abscess Hemorrhoidectomy Hemorrhoids

Benjelloun el et al[12], 2013
Bhatnagar et al[13], 2008
Cakmak et al[14], 2008
Czymek et al[16], 2009
Eskitaşcıoğlu et al[18], 2014
Fajdic et al[19], 2007
Ghnnam et al[20], 2008
Rodríguez Hermosa et al[21],
2001
Kahramanca et al[23], 2014
Kara et al[24], 2009
Khan[26], 2009
Khandelwal[27], 2013
Korkut et al[28], 2003
Liang et al[29], 2008
Oymacı et al[31], 2014
Ozkan et al[32], 2014
Singh et al[33], 2004
Tan et al[34], 2006
Unalp et al[35], 2008
Villanueva-Sáenz et al[36], 2002
Walker et al[37], 1983
Wang et al[38], 2012

88.50%
43.90%
68.42%
56.25%
33.30%
90.00%
75.00%
66.66%
60.00%
75.00%
75.00%
92.30%
100.00%
100.00%
62.50%
100.00%
40.00%
100.00%
88.00%

Intestinal Perianal RT for rectal
Rectal
Artificial
obstruction fistula
carcinoma carcinoma sphincter

Anal
fissure

Rectal
injury

11.50%
75.00%
43.90%

25.00%
12.20%
3.00%
12.50%
33.30%

33.30%

15.79%

3.00%
12.50%

3.00%
18.75%

10.00%
25.00%
6.66%

26.66%
40.00%

25.00%
25.00%
4.16%

4.16%

25.00%
40.00%

12.50%

20.00%
8.00%

91.00%

4.00%
100.00%
9.00%

RT: Radiotherapy.

[40]

was that of Roman emperor Galerius. He suffered from
diabetes and died of FG (in the advanced stage, worms
were found in the perineal and scrotal area). Eusebius
described the case and claimed that bowel cancer was
[39]
the underlying cause . Rectal cancer is the third most
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common cancer in the United States , with 40000
patients diagnosed each year. Fortunately, there are
several explanations for the low incidence of rectal
cancer-induced FG. One is rectal cancer presentation
before the potential development of FG and simple
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[70]

diagnosis. When the upper rectum is involved,
patients can present with bowel obstruction before the
potential development of FG. In addition, up to 26%
of obstructive large bowel perforations are proximal
to the obstructing (non-perforating) tumor, presenting
as acute abdomen, not FG. In addition, screening
programs result in earlier stage rectal cancer diagnosis.
We collected 23 cases with proven rectal cancerinduced FG (Table 3), although there are several more
[64]
published
which were unavailable for analysis. The
average age of patients with rectal cancer-induced
FG was 60 years (range 28-80) with a male: female
ratio of 21:2. The incidence of rectal cancer-induced
FG in all-cause FG ranged from 1.47% to 16.6% and
in the anorectal group varied significantly from 3.85%
to 100% (Table 1). These percentages should be
interpreted with caution because the studies included
different etiological groups of patients.

these, 5.8% are located in the rectum . In 1977,
50% of perforated colorectal cancers were at the
[71]
rectosigmoid junction . The site of perforation of
the primary colorectal tumor is related to the primary
[72]
tumor site in 50% . One should be cautious with
interpretation because ulceration at the site of a
primary tumor (with or without chemoradiotherapy)
may be a non-specific finding as ulceration and
deep necrosis are typical features in malignancies
overall. Rectal cancer perforation as an adverse effect
of preoperative (chemo)radiotherapy is extremely
[73,74]
rare
. With increased use of bevacizumab, a
monoclonal immunoglobulin G1 antibody directed
against VEGF, gastrointestinal perforation as a side
effect was observed in 1.7% of patients. Only 4.2%
[75]
of these were from the rectal cancer . In a study
[76]
by Hurwitz et al , the gastrointestinal perforation
rate was 1.5% in the group with previously untreated
metastatic colorectal cancer. There are no data about
the perforation site.

Risk factors
All-cause FG

Pathophysiology

Predisposing factors for all-cause FG are poor perfusion
(peripheral vascular disease), hypertension, renal
insufficiency, trauma, diabetes mellitus, malnutrition,
smoking, obesity, immunocompromised status,
intravenous drug abuse, malignancy and spinal cord
[1]
injury . Alcoholism and diabetes mellitus are the most
common in western countries, with rates of 25%-50%
[65-68]
and 10%-60%, respectively
. Old age is not a
predisposing factor; however, elderly patients with
poor self-care and poor nutritional status are more
[1]
susceptible . Female to male ratio varies significantly
(Table 1). The lower incidence in women is ascribed to
better drainage of the perineal region through vaginal
[9,43]
secretions
. In addition, the reported ratio depends
on the type of clinic in which the data are collected,
namely urology, surgery or gynecology. Reports from
urology clinics tend to contain fewer female patients,
while the incidence of females is higher in reports from
general surgery clinics.

FG exists due to synergism between low aggressive
multiple aerobic and anaerobic organisms that are
normally present within the distal rectum and perianal
area. Aerobes cause platelet aggregation, accelerate
coagulation by fixing complement and produce
[77]
heparinase . The presence of sialic acids on the cell
walls of the Streptococcus spp. and Escherichia coli
(E. coli) helps to inactivate the alternate complement
[78]
pathway . Microthrombosis of nutrient vessels
reduces local blood supply, causing dermal necrosis,
and allows the growth of facultative anaerobes and
microaerophilic organisms such as E. coli. Bacteroides
[79]
spp. that inhibits phagocytosis of many aerobes .
These produce the relatively insoluble gases composed
of hydrogen, hydrogen sulphide, nitrogen and nitrous
oxide, causing subcutaneous gas collections. Whether
subcutaneous emphysema is merely the manifestation
of a perforated rectal cancer or from bacterial gas
production can be difficult to determine. The syner
gistic activity of aerobes and anaerobes leads to the
production of various exotoxins and enzymes like
collagenase, heparinase, hyaluronidase, streptokinase
and streptodornase. This leads to digestion of
fascial barriers, thus fueling the rapid spread of the
infection and hemolytic anemia due to streptococcal
[78,80]
hemolysins
. It does not appear that the origin of
the infection (rectum, urinary, dermal) has any impact
[68]
on the specificity of the species cultivated .

Anorectal causes of FG

From the published data, it is not possible to define
specific risk factors for this group. General risk factors
could be applied here. The proportion of anorectal
causes ranges from 0% to 92.6% (average 40%)
(Table 1).

Rectal cancer-induced FG

Seven of 23 articles (Table 3) mentioned general
risk factors for rectal cancer-induced FG; the most
common being diabetes mellitus. A specific risk factor
is rectal cancer perforation. The risk of rectal cancer
perforation besides its growth is neoadjuvant or
therapeutic chemoradiotherapy. Colorectal carcinoma
[69]
constitutes 9.2% of all colorectal perforations .
Of all colorectal carcinomas, 5.9% perforate and of

WJG|www.wjgnet.com

Urogenital origin

The infection originates from the urogenital triangle,
usually secondary to urethral instrumentation. If
the source is penile, then after the tough fibrous
tunica albuginea is penetrated, the infection spreads
[81]
to involve Buck’s fascia
which initially limits the
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71/f

55/m

56/m

Lamy et al[51], 2003

Lawrentschuk et al[52],
2003

Liu et al[53], 2006

56/m

79/m

Highton et al[47], 2009

Kojima et al[50], 2007

55/m

Gupta[46], 2010

71/m

45/m

Gamagami et al[45], 1998

Khalil et al[49], 2010

65/m

Eke et al[44], 1999

65/m

78/m

Chan et al[43], 2013

Katusić et al[48], 2010

33/m
54/m

Age/Sex

Ash et al[41], 2005
Carr[42], 2010

Ref.

Alcoholic cirrhosis,
diabetes, renal
insufficiency

No

Diabetes

Diabetes

No

Diabetes

Smoker, hypertension,
cerebrovascular
accident, dyslipidemia
Diabetes

Alcoholism

Risk factors

nd/nd

6/43

14/nd

nd/nd

10/nd

nd/23

2/nd

7/nd

4/nd

nd/nd

5/nd

2/nd
nd/23

Duration of
symptoms/
hospitalization

nd

n/nd

33/270

23/196

20/424

nd

nd

14.4/149

nd

nd

36.8/nd

10/nd
nd

L/CRP

Gluteal, left
thigh
Perineum,
scrotum

Scrotum

Scrotum,
perianal,
right groin
Right thigh

Right thigh

Perianal

Penis

Scrotum
Scrotum,
perineum,
gluteus
Perineum,
scrotum

Starting point

Table 3 Case reports of Fournier’s gangrene as associated with perforated rectal cancer

Pos

Neg

Pos

Pos

Neg

Pos

Neg

Pos

Pos

Neg

DRE

Yes (air, no tumor)

Yes (tumor, air)

Yes (tumor, air)

Yes (tumor, air)

Yes (tumor, air)

Yes (tumor, air)
Yes (tumor, no air)

MSCT
(tumor, air)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

8 cm

5 cm

10 cm

4 cm

Upper

10 cm

Rectoscopy Distance from
AC border

Hartmann
procedure
Colostomy/
APR

End
colostomy
and mucosus
fistula
No colostomy

Sigmoid
colostomy
Loop
colostomy/
APR
Colostomy

Colostomy

Colostomy
APR

Operation

E. coli,
M. morganii,
Enterococcus
spp.,
Microaerophilic
streptococcus,
B. fragillis
Bacteroides spp. Colostomy/
APR
E. coli,
End
Enterococcus
colostomy/
species mixed,
APR
anaerobes,
S. epidermidis
group G
No colostomy
streptococcus

E. coli,
Pseudomonas

E. coli,
Bacteroides
E. coli,
anaerobes

E. coli,
Enterococi

S. aureus

E. coli

Microbiology

1/16

1/60

1/121

1

1/28

5

1
1

Day of
operation

Died

Alive/1 mo
suvival
Alive

Alive/6 yr
Survival
Alive

Alive

Alive

Died

Alive/1 yr
df

Alive

Alive

Alive

Outcome/
survival
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80/m

57/m

73/f
43/m

63/m
28/m
66

O'Connor et al[57], 2009

Öner et al[58], 2013

Rajendran et al[59], 2011
Villa Sánchez et al[60],
2014

Scott et al[61], 1988
Tai et al[62], 2012
Woodcock et al[63], 2006

No

nd/130
nd/nd
nd/59

nd/nd
nd/nd

nd/25

nd/nd

nd/nd

nd/nd
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AC border
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colostomy
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colostomy/
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Colostomy
E. coli,
Colostomy
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E. coli
Colostomy
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colostomy/
coliforms,
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1/180+

4

1/11

4

[82,83]

Alive

Alive

Died

Alive/1 yr
df

Alive

Alive/1 yr
df
alive

Alive/2 yr
survival

[85]

If infection originates from an anorectal source (anal triangle), it penetrates the muscles of the anal sphincter to reach the Colles’ fascia . It penetrates the Colles’
fascia and progresses anteriorly along the dartos fascia to involve the scrotum and penis. There is some evidence to indicate that the Colles’ fascia is not a continuous
[81]
layer but rather a condensation of fibrous tissue with interstices that could allow the spread of a perirectal process involving the scrotum and penis . If the
sphincteric apparatus is damaged, the infection can spread to the rectum into the presacral space, the retrovesical space and the pelvirectal tissue. This can involve
the retroperitoneal space to the level of the upper abdomen. Ultimately, the infection can penetrate into the peritoneal cavity. Therefore, anorectal sources of infection
[3]
usually start perianally and this variation in initial clinical presentation can serve as a guide to localizing the foci of infection . Infection can pass superiorly along the
Scarpa’s fascia to involve the anterior abdominal wall. If the Colles’ fascia is interrupted, the infection can spread to the ischiorectal fossa and subsequently to the

Anorectal origin

infection to the ventral aspect of the penis. If the infection is not initially treated and Buck’s fascia is penetrated, the infection may progress along the dartos fascia
.
The dartos fascia of the penis is a direct extension of the Colles’ scrotal fascia, which is the continuation of the Scarpa’s fascia of the anterior abdominal wall. Thus, the
[81]
progression of the infection can spread freely to the scrotum and the Scarpa’s fascia of the abdominal wall . The scrotum readily develops dermal gangrene because it
[84]
has virtually no subcutaneous fat . If the Colles’ scrotal fascia is penetrated, the infection can spread to the buttock, thigh, back and ischiorectal space. Perineal fascia
is attached to the perineal body and urogenital diaphragm posteriorly and the pubic rami laterally, thus limiting progression in these directions. Laterally and inferiorly
it connects with the fascia lata of the lower limbs. Posteriorly it is limited by the levator ani muscle. If the anal sphincter is damaged, infections gain access to the
retroperitoneum through pararectal spaces.

73/m

48/m

Moslemi et al[55], 2009

Mulholland et al[56], 1990

70/m

Mcmullin et al[54], 2006
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buttocks and thighs.
There are three different etiopathogenetic paths
of infection with rectal perforation. First is iatrogenic
retroperitoneal rectal perforation without the pre
sence of rectal carcinoma. This mechanism is found
during rectal instrumentations, barium enemas and
diagnostic/therapeutic colonoscopy. The second
mechanism is external rectal trauma sometimes with a
foreign body retained through the rectal wall. The third
mechanism is true spontaneous perforation of rectal
cancer that can develop into two clinical forms. More
commonly it presents as ischiorectal and/or gluteal
abscess or rarely in a form of FG. Tumor infiltration (with
or without necrosis) of the rectal wall and surrounding
tissues spreads the infection. Infection is much more
fulminant then in iatrogenic extraperitoneal rectal
[86-88]
perforation
. This is due to pre-procedural bowel
preparation with or without prophylactic antibiotics
which significantly reduces the incidence and severity
of the infection.
Whatever the cause of FG, testicular involvement is
rare because of the separate blood supply to the testes
and the testicles are always spared if the disease
[89]
affects the subcutaneous tissue only . If necrotic
testicles are found, an intra-abdominal process which
leads to thrombosis of the testicular artery should be
[45]
strongly suspected .

and the superficial layer of the deep fascia. The skin
remains intact initially and the extent of the subdermal
[91]
gangrene may not be apparent . Later, skin develops
patchy necrosis and becomes gangrenous. The swollen,
shiny scrotum skin is a typical early symptom of scrotal
infection. Due to a lack of subcutaneous fat in the
scrotum, necrosis of dartos fascia leads to exposure
of the testes that may be coated with a thick layer
of creamy pus. Sometimes small skin ulcers drain
thin, reddish-brown, foul-smelling fluid (“dishwater
fluid”). An odor characteristic of anaerobic infection
may be present. Surrounding these draining wounds
are variable amounts of skin necrosis. Induration or
distinct margins are absent, with the diseased area
gradually fading into normal skin. A black spot or dusky
area in the perineal skin surrounded by erythema
[61]
is considered pathognomonic of FG . Crepitus and
subcutaneous gas (gaseous emphysema) indicate the
[92]
presence of dead tissue . Crepitus in all-cause FG is
[93,94]
found in 19%-64% of patients
and depends on
the duration of FG and the underlying cause. There
are no data about the incidence of crepitus in rectal
cancer-induced FG. It commonly occurs in the first
[95-97]
48-72 h
. Some patients have blisters and bullas
of adjacent tissues, initially filled with serous and then
[98-100]
hemorrhagic fluid
. Lymphangitis and lymphadenitis
[101,102]
are rare
. FG progresses at the speed of 2-3
2
[36,103]
cm /h
.
Initial localization of pain, edema and redness could
lead to the underlying group of etiologies. If the initial
presentation involves scrotum and penis or only penis,
[17]
urogenital pathology could be the cause . All-cause
FG starts as scrotal edema (Table 1) and therefore a
group of causes cannot be defined only due to scrotal
edema. Gangrene extension to the perineal/perianal
region in delayed presentation complicates the
possibility of identification of the cause. The scrotum
should be checked for generalized crepitus, edema,
erythema, tenderness, superficial ulcerations, odor
and discharge. Both testicles should be palpated and
compared. The penis should be checked for lesions
and discharge. The patients should be asked about
recent urinary catheterization. Prostate infiltration by
the rectal tumor can present with prostatic symptoms
and can be misleading.
The most common initial localization of rectal
cancer-induced FG is the scrotum (Table 3). When
scrotal edema develops in patients with anorectal pain,
rectal bleeding, tenesmus or alteration of bowel habits
and unintentional weight loss, rectal cancer should
be suspected. Cachexia, weight loss, anemia, rectal
bleeding, constipation and diarrhea were present in
this group (Table 3). Urinary retention was present in
one patient. There are several mechanisms and risk
factors for this presentation. Old age is a risk factor
for urinary retention and benign prostatic hyperplasia.
Also perianal/perineal pain plus infection that disturbs
sympathetic and parasympathetic neuronal pathways
in the surrounding area causes urinary retention that

Clinical presentation
Local findings

It is difficult to determine the exact time point at which
the disease progresses from a primary infection to an
FG. Clinical presentation of perianal or scrotal FG has
many similarities. When the disease progresses slowly,
patients are often unable to remember a specific date
of symptom onset or sometimes report a date more
recent than the actual date. In this way, they attempt
to avoid giving the impression that they were reluctant
to seek medical help or that they underestimated
their disease. Most patients seek medical attention an
[65]
average of 5 d after the onset of symptoms . Where
mentioned in rectal cancer-induced FG, the duration of
symptoms lasted 2-14 d (Table 3).
The course of the disease can be divided into
two phases that are characterized by different rates
of disease progression. A first phase, stable and
sometimes long, during which the body’s immune
system prevents local inflammation from spreading,
is followed by a second phase during which infection
progresses rapidly to the fulminant illness. It begins
with a prodromal period of genital discomfort and
pruritus followed by sudden onset of perianal or perineal
[1]
pain out of proportion to the physical findings . As the
FG progresses, the pain is replaced by numbness and
subsequent anesthesia caused by damage to cutaneous
[90]
nerves . Irrespective of the bacterial species, the
initial bacterial growth takes place in the subcutaneous
tissues, i.e., the subcutaneous fat, superficial fascia
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can mislead to the conclusion of the urogenital origin
of FG.

Leukocytes were noted in 57% with a range of 10000/
3
3
3
mm -36800/mm with one patient with 2700 mm due
to sepsis (Table 3).
The following two clinical courses should increase
the likelihood of FG: (1) an infectious process that
does not respond well to antibiotics; and (2) septic
symptoms disproportionate to scrotal cutaneous
[3]
manifestations in the early stage of infection .
The finger test is diagnostic. This is a bedside
procedure where under local anesthesia a 2 cm
incision is made over most prominent cutaneous
changes down to the deep fascia and a gentle probing
maneuver with the index finger is performed at the
level of the deep fascia. The lack of bleeding, presence
of characteristic dishwater pus and easy blunt finger
dissection of subcutaneous tissue off the fascia are
[115]
features of a positive test .
Tissue biopsies and pus (during finger test and
intraoperatively) define causative microorganisms and
possible underlying pathology. The histopathological
features of FG are necrosis of the superficial fascia
[101,116]
with blood vessel thrombosis and suppuration
.
Other consistent features include severe subcutaneous
fat necrosis, severe inflammation of the dermis and
subcutaneous fat, vasculitis, often with endarteritis,
[101,116]
and local hemorrhage
. In the early stage, the
[116]
epidermis shows no major changes .

Systemic findings

Systemic findings can also be misleading. Patients may
[104]
have a fever, malaise for a few days
, nonspecific
[105]
abdominal pain
and general symptoms of infection
[106,107]
without symptoms from the perineal area
. The
septic state develops with the rapid development
of severe toxemia, causing pyrexia with or without
hypothermia, tachycardia, hypotension and reduced
[90]
urine output . Sepsis may occur in just a few hours,
[90]
progressing to organ failure and death . The clinical
picture is similar regardless of the bacterial species
involved. All patients with fever or sepsis of unknown
origin require a thorough genital, perineal and
proctological examination.

Differential diagnosis
Differential diagnosis includes two groups of diseases.
The first group consists of other forms of NSTIs, also
called infectious gangrene or gangrenous cellulitides
[91,108-111]
(Table 4
), and the other consists of diseases
that resemble gangrenous/necrotic infections. These
are not progressive bacterial infections but rather
presentations of systemic or localized diseases or an
immunocompromized host.

Underlying cause

Digital rectal examination was performed in 70% of
rectal cancer-induced FG cases and was positive in
75%, performed mostly preoperatively (Table 3).
Microperforation can be confirmed or ruled out in
palpable tumors. Impalpable perforation does not
exclude microperforation.
Rectoscopy (as a bedside or intraoperative
procedure) is mandatory in the following situations:
(1) blood (any form) on digital rectal examination;
(2) history and other/previous diagnostic modalities
that refer to rectal carcinoma; (3) urogenital and
dermatological causes have been excluded; (4) bacteria
highly specific for (intestinal) rectal malignancy such
[117]
as Clostridium septicum
; and (5) fever or sepsis
of unknown origin with perianal symptoms/signs.
Rectoscopy was performed in 52% of rectal cancerinduced FG with equal frequency preoperatively and
during the initial operation (Table 3).
Gas may be detected on plain X-ray, indicating the
[92]
presence of dead tissue . X-rays were done in only
13% of rectal cancer-induced FG (Table 3).
Gas within the scrotal wall on ultrasound may
be seen prior to clinical crepitus. Reactive unilateral
or bilateral hydroceles may be present. If testicular
involvement occurs, there is likely an intra-abdominal
or retroperitoneal source of infection. Ultrasound is
also useful in differentiating FG from incarcerated
inguinoscrotal hernia, the data unknown for rectal
cancer-induced FG.

Diagnosis
FG per se

The diagnosis is usually a clinical one. Early clinical
recognition of FG is difficult as the disease is often
indistinguishable from cellulitides/abscesses early
in its evolution (Table 4). To aid in diagnosis, a risk
score was developed - the Laboratory Risk Indicator
for Necrotizing Fasciitis (LRINEC) score. A score of
≥ 6 raises the suspicion of NF and a score of ≥ 8 is
strongly predictive of the disease.
Laboratory findings define the disease severity,
septic state and metabolic derangements. A full blood
count, C-reactive protein (CRP), urea, creatinine,
glucose, calcium, potassium, sodium, coagulation
studies, fibrinogen/fibrin degradation product levels
and acid-base status should be checked. Diabetics
[112]
may present with ketoacidosis . A mid-stream urine
sample excludes/confirms urinary tract infection. One
should be cautious because it can also be present
despite a causative rectal tumor. Hypocalcemia
due to bacterial lipase is an important indicator of
[113]
the early stage
and develops from extensive
[114]
fat necrosis
. Total protein and albumin levels
show obligatory hypoalbuminemia, especially in the
advanced presentation. Full blood count, calcium and
CEA marker are rarely mentioned in articles with rectal
cancer-induced FG. CRP was noted in 26% of these
cases and ranged from 149 to 424 mg/L (Table 3).
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Subcutaneous tissue
and fascial necrosis

Necrotic area composed
Subcutaneous
of green-black patches.
tissue, fascial and
Serosanguinous.
muscle necrosis
"mousy"-smelling
discharge, bluish muscles
+++
+++

+
Minor edema,
pale skin

Clostridium
fasciitis

Immunosupresson
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aeruginosa

Diabetes mellitus
Mixed aerobes and
anaerobes
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microaerophilic
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Moderate
(3-14 d)
Trauma, surgery

Moderate
Moderate
(3-14 d)
+
- to ++
+ to +++
Prior local lesions,
perirectal lesions

Minimal or absent
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(3-14 d)
Surgery

+++

++ to +++

+

+++
++/+++
+/++
-/+
Necrotic ulcer dusky
Cellulitis with foul- Black/gray eschar.
margin and erythematous
smelling, thick
Dark discharge
periphery at the margins
discharge from
with surrounding
of the wound
necrotic skin
erythema,
hemorrhagic bullae
Subcutaneous tissue
Dark pus or
necrosis and gangrene
'dishwasher' fliud

Synergistic
Pseudomonas
necrotizing cellulitis gangrenous cellulitis

Immunosupression
Group A
Streptococcus

Fast
(1-4 d)
-/+
-/+
+++
Trauma, surgery,
muscle strain

+ to +++
(Streptococcal Toxic
Shock Syndrome)

Seropurulent
discharge

++/+++
Edema, copper
colored, blisters in
advanced stage

Streptococcal
myonecrosis
(necrotizing myositis)

Imaging modalities define the cause and the disease extent. CT has greater specificity than radiography or ultrasonography for defining the cause and the disease
[82,83]
extent
. CT can demonstrate asymmetric fascial thickening, any coexisting fluid collection or abscess, fat stranding around the involved structures and subcutaneous
emphysema. In rectal cancer-induced FG, abdominal CT was performed in 56% of cases. Of these, tumor and air were detected in 61.5%, only air in 7.7% and only
tumor in 23%. In 7.7%, no pathology was found. The finding of a rectal tumor does not mean it is the cause of FG. Perforation or infiltration of the rectal tumor is highly
probable when increased soft tissue density with abscess and/or gas bubbles is present around the tumor. In 43.5%, the abscess was detected: one retroperitoneal
(intraoperative finding), four ischiorectal (one on CT and three intraoperatively), one in the mesorectum (on CT) and one perirectal (intraoperatively). In three cases,
the location was not defined.
[118]
MRI gives greater soft tissue detail and fistulous tracts than CT
but is mostly unavailable in emergency settings.

+ to +++
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(3-14 d)
(1-3 d)
(1-3 d)
(1-3 d)
(> 3 d)
Crepitus (gas)
-/+
+++
++/+++
++
Deep fascias infection
- to ++
+ to +++
+++
+
Muscular infection
-/+ (secondary)
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infection

Pain
+/++
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Anaesthesia of lesions In advanced stages In advanced stages
Cutaneous signs
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Type 1

Necrotizing fasciitis Necrotizing fasciitis

Progressive bacterial
synergistic gangrene

[96,113-116]

Table 4 Classification, clinical aspects, anatomopathology and microbiology of necrotizing soft tissue infections
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Fournier’s gangrene with
suspected rectal cancer

Digital rectal examination

Perforated tumor

Non-perforated tumor

1

Negative

Preoperative or intraoperative
2
rectoscopy

Abdominopelvic CT scan

Confirmation/suspicion of
3
rectal cancer perforation

Fournier's gangrene not
due to rectal cancer
±

Unstable patient

Transversostomy/sigmoidostomy

(Extralevator)
abdominoperineal resection

4

Stabilization

Stable patient
Hartmann's procedure

Figure 1 Diagnostic-therapeutic algorithm for suspected/proven Fournier’s gangrene due to rectal cancer. Perioperative management and necrosectomy are
excluded which are standard procedures in Fournier’s gangrene treatment in all patients. 1Impalpable perforation does not exclude microperforation; 2(1) Blood (any
form) on digital rectal examination; (2) history and other/previous diagnostic modalities refer to rectal carcinoma; (3) urogenital and dermatological causes excluded;
(4) bacteria highly specific for (intestinal) rectal malignancy such as Clostridium septicum; and (5) fever or sepsis of unknown origin with perianal symptoms/signs;
3
Increased soft tissue density with abscess and/or gas bubbles around the tumor; 4After confirmation of rectal cancer, definitive oncological operation is performed
after stabilization and neoadjuvant chemoradiotherapy if indicated. Reconstructive surgery after consultation with plastic surgeon.

A transverse loop colostomy is preferred because it
yields solid and formed stools with little contamination
of the surrounding skin. The abdomen above the
umbilicus is ideal because FG often extends into the
[121]
lower abdominal wall
. Necrosis around the stoma
causes stomal detachment necessitating stomal
translocation. In addition, colostomy should not be
brought through the rectus muscle until the plastic
surgery team has selected the possible reconstructive
option. Most commonly, the vertical rectus abdominis
myocutaneous flap (VRAM) with skin from the
supraumbilical area provides excellent soft tissue
[122-124]
bulk to obliterate perineal dead space
. Stool
and urinary diversion ostomies can be brought out
through one rectus muscle only after elevation of the
[125]
contralateral VRAM .
Colostomy, as the only (mentioned) treatment
of rectal cancer-induced FG, was performed in 43%
of cases, with mortality of 20%. Three important
parameters from published articles are not known: (1)
rectal cancer operability and whether the colostomy
was definitive surgical treatment; (2) long-term follow-

Treatment
Proctological examination under general anesthesia
identifies the cause of the disease and determines its
extent. A proposed diagnostic/therapeutic algorithm
for rectal cancer-induced FG is presented in Figure 1.

Rectal cancer treatment modalities

Colostomy: Colostomy has been used for fecal
diversion in cases of severe perineal involvement in
all-cause FG with: (1) anal sphincter involvement;
(2) fecal incontinence; and (3) continuous fecal
contamination of the wound’s margins.
Rectal diversion decreases the number of germs
in the perineal region and improves wound healing.
The primary colostomy rate is 16%-17%, whereas the
[119,120]
secondary colostomy rate is 35%-40%
. In an
anorectal female group, colostomy rate was 83.7%,
with a primary colostomy in 37.5% and a secondary
[29]
colostomy in 50% . Colostomy rate in the anorectal
group varies from 50% to 100% (only four articles
have adequate data) (Table 1).
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up and therefore additional procedures that could be
performed at later date are unknown; and (3) the
location of the colostomy.
The therapeutic algorithm is not defined if rectal
cancer infiltrates the prostate. Should colostomy be
made first, followed by chemoradiotherapy and as
[50]
a final act abdominoperineal resection (APR) , or
should the APR be made as the first and definitive
operation? If a patient presents with multiple bilobar
liver metastases colostomy could be the first line
therapy.

be warned about possibility of permanent stoma.
In high rectal cancers, the dilemma is whether to
do anterior rectal resection, Hartmann’s procedure or
APR. Hartmann’s procedure adds safety due to fecal
diversion and was performed in 8.7% of cases as
primary treatment (Table 3). The problem could be the
revascularization of the rectal stump due to extensive
debridement of the perirectal area. Therefore, even
in high rectal cancer associated with FG, APR has the
advantage of eliminating all infective focuses in the
perineal/perianal region. The perineum is not closed
primarily but packed with several gauze rolls. When
the spread of FG is stopped and the hemostasis is
achieved with packs, then vacuum assisted closure
(VAC) minimizes skin defects and speeds tissue
healing. The location of the perineal wound makes
it difficult to maintain an adequate seal due to the
irregular surfaces surrounding the gluteal folds and
perineum. Enemas could be applied before changing
the VAC dressings in patients without a diverting
colostomy. VAC dressings are changed every 72 h or
when the progression of gangrene is found. Ozkan et
[32]
al
recommend a lower limit of pressure (without
explanation) which was originally recommended to be
between 50 and 125 mmHg.
Currently, extralevator APR (eAPR) is recommended
[127]
for elective low rectal cancers . It consists of wider
excisions with en bloc resection of the distal rectum,
sphincter complex and levator muscles, resulting in a
cylindrical specimen. This reduces the rate of positive
resection margins and tumor perforation in distal rectal
cancer and improves oncological outcome, especially
in perforated forms, as in FG. Wider excisions and
increased use of neoadjuvant chemoradiotherapy
have significantly increased perineal wound healing
[128,129]
problems, in up to 59%
. Furthermore, perineal
[130]
hernia is more likely - found in up to 20% . Clinical
outcome of biological meshes during eAPR appeared
comparable to flap assisted perineal closure in a non[131]
randomized studies based on a systematic review .
Perineal hernias after biological mesh closure following
[130,132-135]
eAPR were 8.2%
. One of the assumptions for
successful use in FG is that gangrene (mostly) does
not affect muscles; therefore, mesh can be securely
sutured to the muscles surrounding the defect after
eAPR. The unsolved issue is the timing of application of
biological mesh in FG patients.

®

Rectal diversion device(s): The Flexi-Seal Fecal
Management System by Convatec is a silicone catheter
that protects the wounds from fecal contamination.
It is an excellent alternative to colostomy for a
shorter period (several weeks). The device avoids
complications related to stomas, including better
psychological recovery, and may have an economic
benefit. Unfortunately, recommendations from the
manufacturer contraindicate its use when (perforated)
rectal cancer with FG or any anorectal cause with
[126]
[32]
FG is present
. On the contrary, Ozkan et al
recommended its use in FG with excellent results.
Rectal cancer resection: Rectal carcinoma is
different from most other, even anorectal, causes of
FG because elimination of systemic risk factors and
purulent collection(s) does not eliminate the source of
infection. Perforation of rectal cancer per se produces
infection; therefore, resection of the perforated rectal
tumor is mandatory (see Prognosis). If the tumor did
not perforate, other causes should be ruled out. In this
situation, initial resection of the rectal cancer is not
mandatory. The most experienced surgeon available
should perform the operation.
Localization of rectal cancer was described as
the lower or upper rectum (imprecise localization) in
13% and distance from the anocutaneous line was
noted in 30%, ranging from the anocutaneous line
to 10 cm (Table 3). APR as the initial operation was
performed in 13% of cases; colostomy as an initial
procedure with delayed APR in 26% of cases (Table 3).
The latter option could be for the patients with poor
operative risk, presence of the septicemia, old age
or hemodynamically unstable patients. These factors
eliminate the possibility of an aggressive approach
and at the first instance, necrotic and infected
tissue is removed and major surgery postponed
[46]
until the patient’s condition improves . There are
two advantages to this approach: (1) subsequent
colonoscopy with pathohistological diagnosis of the
rectal tumor; and (2) detection of synchronous
colorectal tumors, eliminating the need for subsequent
resections. Unfortunately, when rectal cancer-induced
FG is present, a delay of up to 7 d is intolerable due
to the rapid progression of FG and the need for rapid
elimination of the infective source. The patients should
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Extensive debridement

Current estimates of all-cause FG mortality are 21%
(range 7% to 75%), similar to 22% mortality from the
[136]
pre-antibiotic era . This suggests that initial therapy
needs to be more aggressive and the first operation
more extensive and definite. This also suggests that
antibiotic therapy is not the main therapy. If in doubt,
[61]
cut it out is a truism in FG . Intraoperative lack
of resistance of normally adherent fascia to blunt
[7,114]
dissection is confirmation of NF
. Debridement
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[144]

should be stopped when the separation of the skin
and the subcutaneous tissue is not performed easily
because the cutaneous necrosis is not a good marker.
Surgical reexamination of the infected area and
detachment of the necrotic tissue is advocated within
24 h and should be carried out repeatedly. In all[137]
cause FG, an average of 3.5 procedures is required .
Most studies on anorectal etiology declare multiple
procedures without absolute numbers. This is also
true for rectal cancer-induced FG (Table 3). Duration
of hospitalization is unknown for the anorectal group.
Duration of hospitalization for the rectal cancerinduced FG was noted in 30% of cases, with a range of
23-130 (average 47) d.
The crucial significance of testicular infarction,
implying thrombosis of the testicular artery, must be
recognized as an absolute indication for laparotomy
and retroperitoneal exploration. The posterior
peritoneum may need to be incised before necrotic
retroperitoneal tissues are exposed.
Hemorrhage or perioperative blood loss is inevitable
due to: (1) extensive debridement; (2) possible DIC;
and (3) rectal resection. In addition, microcytic anemia
can be present preoperatively due to a bleeding rectal
tumor.

the conventional support
. The catabolic effect of
primary malignancy and/or cachexia could be present.
A nasogastric tube is placed when mechanical
ventilation is required and when patients are unable to
eat a satisfactory diet. Total parenteral nutrition (TPN)
is used only if patients are unable to be fed enterally.
Enteral nutrition is provided with high protein formulas.
Attempts to estimate nutrient requirements based
on any formula will inevitably lead to over- or underfeeding. Indirect calorimetry (IC) remains the most
precise method to determine energy requirements.
When IC is not available, provide calories at 25
kcal/kg per day or about 124% of estimated basal
[145,146]
needs
. Energy expenditure should be measured
by IC 2-3 times a week. Respiratory therapists
measure oxygen consumption, production and resting
energy expenditure and respiratory quotient in the
early morning before patients began daily activities.
Due to their clinical status (i.e., symptoms consistent
with sepsis syndrome), patients are generally sedated,
intubated and receiving analgesics during IC. Resting
energy expenditure is recorded when measurements
are stable for at least 10 min. Patients on TEN or TPN
had feedings continued at a steady rate throughout
each measurement; patients on oral diets are measured
before breakfast after an overnight fast.

Antibiotic therapy

Adjunctive therapy

The optimal approach to empiric antibiotic therapy for
FG is uncertain; data are limited since most clinical
trials exclude FG patients. The optimal duration of
antibiotic treatment has not been defined. Antibiotics
should be continued until no further debridements
are needed and the patient’s hemodynamic status
and temperature has normalized; this duration must
be tailored to individual patient circumstances or
laboratory parameters such as leukocyte count or
CRP level. High intravenous doses should be used.
Antibiotics should be adjusted to culture results.
Most common initial (empiric) combinations used
for all-cause FG are: (1) penicillin G or ampicillin,
rd
aminoglycoside or 3 generation cephalosporin plus
[138]
metronidazole or clindamycin
; (2) benzylpenicillin
plus clindamycin plus gentamicin. If penicillin-allergic,
meropenem plus clindamycin plus gentamicin. Review
[139]
the need for gentamicin daily ; (3) meropenem plus
[140]
clindamycin ; (4) clindamycin plus ciprofloxacin plus
[141]
metronidazole
; and (5) for suspected Vibrio spp.
rd
include a tetracycline and 3 generation cephalosporin
(e.g., doxycycline plus ceftazidime), ciprofloxacin may
[142,143]
be an alternative
.

Underlying risk factors and metabolic derangements
should be corrected. Honey, royal jelly, hyperbaric
oxygen therapy, sodium hypochlorite, lyophilized
collagenase, growth hormones, protein synthesis
inhibitors and intravenous immunoglobulins are all
adjunctive methods but without definitive proof of their
positive therapeutic effect.

Reconstructive surgery

There are two main timing options for reconstructive
[21]
surgery: (1) at the time of initial admission ; or
(2) after the acute process has fully resolved. Recon
structive surgery is considered when an extensive
healthy granulation tissue formation on the wound
base is present. Secondary healing or delayed
primary closure is applied for small residual defects
2 [16]
(< 10 cm ) . Eventually, testes can be covered
with remaining scrotal skin or implanted in the
subcutaneous tissue of the thigh or abdomen if viable.
To improve healing of the large perineal wound,
sutured perineal pedicled retrocolic omentoplasty can
[147,148]
be added to the procedure of APR
. The great
omentum is pediculized on the left gastroepiploic artery
and tightly sewn to the subcutaneous fatty tissue of
the perianal skin. Although a high level of evidence
is lacking, the procedure adds well vascularized,
[149]
non-irradiated tissue to the pelvic cavity
. The
well-vascularized muscle flap demonstrates greater
resistance to bacterial inoculums and in wounds with
[150]
some degree of contamination
. In the only study

Nutritional support

Due to extensive debridement, physiological changes
are similar to extensive and deep burns. Patients with
infected wounds or sepsis have increased requirements
for nutrients and often have a reduced food intake.
Early nutritional support had a significantly shorter
duration before split thickness skin grafting than
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with follow-up of all-cause FG during the first 12 mo
after hospital discharge, 12% of patients required
inpatient hospital treatment for fistulas and needed
[16]
revision surgery for new inflammatory processes . In
elective settings, after APR, VRAM and gluteal flap have
[123,151-153]
been used for closure of large perineal defects
.
The problem arises when large areas are debrided,
eliminating the possibility for the use of standard flaps.
In addition, if adjuvant chemoradiotherapy is indicated,
the questions are: (1) should the flaps be used; and (2)
the timing of flap application. Also, due to the donor
site morbidity, increased operative time and higher
costs, it is questionable whether autologous tissue
flaps should be applied when VAC and skin grafting is
available.

hand, some suggested that it is a disadvantage
[158,159]
related to rapid dissemination of the disease
.
Other poor prognostic parameters include high
serum creatinine, lactate, sodium and calcium or low
[160,161]
[162]
bicarbonate
, low magnesium at admission
[12,163,164]
and renal function impairment on admission
.
Increased serum calcium may be due to renal failure,
bacteremia or TPN. Lactate level > 4.0 mmol/L is an
[165]
independent predictor of mortality . High neutrophillymphocyte ratio and the platelet-lymphocyte ratio
values were associated with significant increases in
the number of debridements, hospital stay duration,
[23]
cost and mortality rate . The influence of diabetes
[12,25,166-169]
mellitus
on mortality is controversial but the
extent to the abdominal wall has been reported to be
[1,12,170,171]
directly related to mortality
. The involved body
surface area (BSA) and the number of debridements
[66,167,169]
did not predict the outcome in some series
.
2
[24]
In contrast, BSA ≥ 15 cm had a mortality of 75% .
[161,163,168,169]
Therefore, this issue remains controversial
.
Mean age, race, the prevalence of comorbid
conditions and number of debridements were similar
in both genders. However, twice as many women
required mechanical ventilation and dialysis with longer
hospital stay and mortality but without statistical
[10]
significance . Table 1 shows the average duration of
hospitalization in all-cause FG of 24 d (range 1 to 278 d).
Of all the anaerobic species isolated in all-cause FG,
none was present as the sole organism. No differences
in clinical course, morbidity or mortality were
[172-174]
demonstrated with different bacteria(s) isolated
.
Prognostic indices for mortality predictions such
as Fournier’s Gangrene Severity Index (FSGI) are still
[24,175,176]
controversial
. Many studies show significant
mortality with FSGI > 9% and 100% mortality with
[35,167,177]
FSGI > 11
. Some claim usefulness in predicting
[137]
survival but not the length of hospital stay
. Of
the nine parameters of FSGI, temperature, heart
rate and respiratory rate were considered to be the
[1]
most important . APACHE Ⅱ score correlated with
the prognosis with a significant increase in mortality
[178]
with a score over 25
. Other indices include age[179]
adjusted Charlson Comorbidity Index (ACCI)
and
[180]
the surgical Apgar Score (sAPGAR) , which are easily
calculated at the bedside but the prognostic power is
[181]
controversial .

Adjuvant chemoradiotherapy

Due to the extremely small number and emergent
presentation, there are no studies and recommen
dations as to when to start this form of therapy
after complex surgical treatment of rectal cancerinduced FG. Only two articles mentioned adjuvant
chemoradiotherapy after initial colostomy - an
[47,63]
insufficient pool of data for making conclusions
.
If oncologically indicated, it should be offered when all
wounds have healed completely. If flaps were used,
consultation with a plastic/reconstructive surgeon is
advisable.

Prognosis
All-cause Fg

The mortality from all-cause FG has dropped signi
ficantly in the last century. In 1871, Jones claimed 46%
mortality for all NSTIs. Unfortunately, mortality has
changed little since Meleney in 1924 first recognized the
[154]
need for early surgical intervention . Currently, the
survival rate is in the range of 60% to even 100% (Table
1). Since many studies were conducted on males, the
difference in male-female survival is unknown.
There are several issues here. First, mostly allcause FG survival or mortality is reported. Second,
reports are from different decades. Third, the specific
underlying cause is not always presented and
prognosis could be etiology dependent. Fourth, noncatastrophic soft tissue infections are sometimes
defined as FG, declaring a better prognosis falsely.
Fifth, when true FG is present, the underlying cause
is sometimes not attributed correctly due to the
[155]
confounding factors .
Poor prognostic factors include age over 60,
[1]
peripheral vascular disease, poor nutritional status ,
[84]
[84]
sepsis , positive blood cultures
and delayed
[156]
presentation/treatment . The duration of symptoms
is prognostic and none of the patients admitted within
[1,35]
48 hours of symptom onset died
. Female pelvic
anatomy has been claimed to be better for drainage
[157]
of secretions through the vagina
. On the other

WJG|www.wjgnet.com

Anorectal causes of Fg

The disease usually behaves more aggressively,
produces severe systemic toxicity and is associated with
[68,94,156,182]
higher mortality than FG from other causes
.
[29]
The survival of female patients is 71% . Survival
varied from 0% to 85.7% and was presented in only
four articles (Table 1). The real incidence and prognosis
of any specific cause cannot be calculated from the
available data.
One of the inaccuracies with previously mentioned
indices is that these do not evaluate the influence
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of the underlying cause on prognosis, duration of
hospitalization, number of debridements or other
parameters. It was previously stated that different
primary locations and causes (could) have different
[183]
prognoses. Yilmazlar et al
modified FGSI, adding
the dissemination score (plus age), making the Uludag
FSGI (UFGSI) for all-cause FG.

Therefore, patients with the more advanced disease,
poor general status, older age or hemodynamic
instability could be offered only colostomy. Finally,
it is important to emphasize that all patients that
underwent rectal cancer resection survived.

Rectal cancer-induced FG

1
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Epigenetic regulation of DNA repair machinery in
Helicobacter pylori -induced gastric carcinogenesis
Juliana Carvalho Santos, Marcelo Lima Ribeiro

Abstract

Juliana Carvalho Santos, Marcelo Lima Ribeiro, Sao
Francisco University Medical School Clinical Pharmacology
and Gastroenterology Unit Laboratory of Microbiology and
Molecular Biology, Bragança Paulista, SP 12916900, Brazil

Although thousands of DNA damaging events occur in
each cell every day, efficient DNA repair pathways have
evolved to counteract them. The DNA repair machinery
plays a key role in maintaining genomic stability by
avoiding the maintenance of mutations. The DNA repair
enzymes continuously monitor the chromosomes to
correct any damage that is caused by exogenous and
endogenous mutagens. If DNA damage in proliferating
cells is not repaired because of an inadequate
expression of DNA repair genes, it might increase the
risk of cancer. In addition to mutations, which can be
either inherited or somatically acquired, epigenetic
silencing of DNA repair genes has been associated
with carcinogenesis. Gastric cancer represents the
second highest cause of cancer mortality worldwide.
The disease develops from the accumulation of several
genetic and epigenetic changes during the lifetime.
Among the risk factors, Helicobacter pylori (H. pylori )
infection is considered the main driving factor to
gastric cancer development. Thus, in this review, we
summarize the current knowledge of the role of H.
pylori infection on the epigenetic regulation of DNA
repair machinery in gastric carcinogenesis.
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Core tip: Considering the relevance of DNA repair
mechanisms in the maintenance of genome integrity
and the role of epigenetics in its regulation on gastric
carcinogenesis, in this review, we highlight the effects
of Helicobacter pylori infection on the modulation
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[2]

of epigenetics mechanisms regulating DNA repair
pathways associated with gastric carcinogenesis.

favoring tumorigenesis .
The vast majority of gastric cancers are sporadic
and represent approximately 80% of all cases of
gastric cancers. According to Lauren’s histological
classification, these neoplasms can be defined as
intestinal (well differentiated) or diffuse (poorly
[3]
differentiated) types . On the one hand, the more
frequent intestinal type is characterized by structures
of united malignant cells that resemble functional
gastrointestinal glands. Intestinal tumors develop
through sequential steps, which begin with gastritis
and progress to atrophic gastritis and are followed by
intestinal metaplasia and gastric cancer. The tumor
grows expansively with high vascularization and
frequently occurs in old people; these tumors are
[4]
strongly influenced by the environment . On the
other hand, the less common diffuse type comprises
non-adherent cells that have diffusely infiltrated into
the gastric stroma with little glandular formation. This
type of neoplasia is most frequent in young people,
is typically hereditary and has no preceding steps; it
comprises more intra- and transmural spread and is
thus associated with poor prognosis compared with the
[4]
intestinal type .
Hereditary factors play a strong role in gastric
cancer development. The most famous familial case
is that of Napoleon Bonaparte. There is documented
evidence showing that the Emperor had a malignant
ulcer and hemorrhage in his stomach. His father,
Charles Bonaparte, died from scirrhous carcinoma of
the pylorus, and his grandfather, Joseph Bonaparte,
also died of gastric cancer. Both of them died at
approximately age 40. Moreover, one brother and one
sister died of the same malignancy, which supports
the hypothesis that genetic factors can increase risk of
[5]
developing malignancy in the stomach .
Several proto-oncogenes are activated in gastric
cancer, depending on the histological type. The c-met
gene is amplified in 19% of intestinal type and 39%
[6]
of diffuse type cancers , whereas the k-sam gene is
[7]
preferentially expressed in advanced diffuse tumors .
The overexpression of another proto-oncogene,
c-erbB2, is correlated with poorer prognosis and liver
[8]
metastases . Conversely, it has been demonstrated
that tumor suppressor genes are frequently lost
in gastric cancer by LOH (loss of heterozygosity),
missense mutations, frame shift deletions, promoter
[9-11]
methylation and post-translational mechanisms
.
Additionally, it has been shown that genetic alterations
in the TP53 gene, such as a high frequency of
TP53 mutations, LOH, and overexpression of the
p53 protein, may lead to a consequent loss of p53
function, which could be an early event in gastric
[12,13]
carcinogenesis
. Furthermore, the abnormal
expression of cell cycle regulators may permit the
development of gastric cancer. This can be observed in
the frequent overexpression of cyclin E and E2F genes
and the down-regulation of p27 that are associated
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INTRODUCTION
It is now believed that gastric cancer is a disease
that has a primarily epigenetic origin. It has been
shown that Helicobacter pylori (H. pylori) infection
plays an important role in the development of this
disease and elicits a pathological progression in the
gastric mucosa that starts with chronic gastritis and
progresses to atrophic gastritis, intestinal metaplasia,
dysplasia and eventually gastric cancer. The H. pylori
infection initiates an activation of immunologic and
inflammatory cascades through the host’s immune
responses. The inflammatory response generated by
the bacteria causes both oxidative DNA damage and
changes in cell turnover. In addition, it has been shown
that the proliferation of gastric cells is associated with
the appearance of somatic mutations due to errors in
replication and/or inappropriate DNA repair capacity.
In response to the DNA damage , there are four
repair systems: (1) base excision repair (BER); (2)
nucleotide excision repair (NER); (3) mismatch repair
(MMR); and (4) double-strand break repair (DSBR).
It is thus believed that repair system failure is an
important risk factor in carcinogenesis. Epigenetic
changes are important mechanisms that lead to
the failure of these repair genes. The most studied
epigenetic modification is DNA methylation. In this
review, we address the role of H. pylori infection in
DNA repair mechanisms, the modulating effect of
H. pylori on epigenetic mechanisms (such as DNA
methylation and histone modifications) and DNA repair
machinery in H. pylori-induced gastric carcinogenesis.

GASTRIC CANCER
Gastric cancer represents the second highest cause
[1]
of cancer mortality worldwide . Gastric cancer
develops from the accumulation of several genetic
and epigenetic changes over the lifetime of a patient,
which lead to the activation of oncogenes and/or
the inactivation of tumor suppressor genes. An
unbalance among cell cycle regulators, alterations
in growth factors and cytokines, or failures in DNA
repair machinery might lead to genetic instability,
cell proliferation and apoptosis reduction. All of these
factors may be affected by epigenetic mechanisms
that could lead to an altered gene expression pattern
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with aggressiveness, metastasis and invasiveness of
[14]
the tumor .
Gastric cancer is also associated with high levels
of MSI (Microsatellite instability), which is strongly
related to the carcinogenic process primarily because
of its association with defective MMR. In gastric cancer,
MSI occurs in approximately 15% to 30% of all
[15]
cases . MSI-positive tumors exhibit many differences
in clinical, pathological, and molecular characteristics
compared to MSI-negative ones, regardless of their
hereditary or sporadic origins. MSI leads to a mutator
phenotype because frameshift mutations accumulate in
repeated sequences that are located in coding regions
of target tumor suppressor genes. The cancer with
a high level of MSI often shows aberrant epigenetic
alterations, such as promoter hypermethylation of
[16]
MMR genes, which leads to gene inactivation .
Although the etiology of gastric cancer is given
mainly by gene-environment interaction, consuming
diets that are high in salt and nitrates favors gastric
malignancy, whereas consuming diets that contain the
natural antioxidants found in fruits and vegetables may
[17]
prevent tumor emergence . Alcohol and smoking are
also risk factors for disease, although the main driving
factor behind gastric cancer development is H. pylori
infection, which leads to both chronic inflammation
and molecular alterations that affect epithelial cell
regulation, ROS levels, DNA damage, mutations
caused by high MSI landscape and epigenetic
[18]
deregulation . The strong epidemiological association
between H. pylori infection and the development of
gastric cancer made the World Health Organization
to classify the bacterium as a carcinogen class Ⅰ, a
[19]
definite carcinogen, in 1994 .

the presence of bacteria in 1975 but failed to isolate
[20]
and identify the microorganisms observed .
Finally, in 1982, Warren and Marshall reported the
presence of a spiral bacterium in patients with peptic
ulcer and chronic gastritis. There were similarities
in both the morphological and biochemical growing
conditions between this organism and the genus
Campylobacter; thus, the researchers named it the
Campylobacter like organism. Later, the microorganism
was named Campylobacter pyloridis and was then
[21,22]
grammatically corrected to Campylobacter pylori
.
Further studies, however, showed biochemical and
molecular differences between this bacterium and the
genus Campylobacter, and in 1989, it was recognized
[21]
as belonging to a new genus, Helicobacter .
The infection caused by H. pylori is considered
the most frequent chronic infection in humans. It is
believed that approximately half the world’s population
is infected with H. pylori, which makes infection by this
bacterium one of the major pathogens in humans and
[23]
a serious public health problem . Although there is a
high rate of colonization, the presence of bacteria is not
always associated with the development of pathologies
because 70% of the infected population remains
asymptomatic. However, the colonized individuals may
develop gastritis, peptic ulcer, gastric cancer and MALT
[23,24]
lymphoma
.
The prevalence of infection is higher in developing
countries (greater than 80%) and lower in developed
countries (less than 50%), with a tendency to decline
[25,26]
worldwide due to improvements in sanitation
.
However, because the socioeconomic levels vary among
subpopulations within a country, the prevalence in these
[27]
subgroups may be different . It has been shown
that increased prevalence is directly related to lower
socioeconomic status, inadequate sanitary conditions,
contaminated or untreated water, insufficient hygiene
practices, families with large numbers of individuals
[25,28]
inhabiting the same household
. These conditions
are usually found in developing countries, where there
[29]
is indeed a high prevalence of H. pylori infection .
In a complementary manner, it was observed that
improving the general hygiene conditions decreases
the prevalence of infection. This finding suggests
the existence of a set of environmental conditions to
which children are exposed, particularly in developing
[30]
areas .
It is known that humans ingest many microor
ganisms daily, but most of these microorganisms
cannot colonize the stomach because of its acidic
pH, which is one of the most important antibacterial
properties that this organ has. Under fasting conditions,
the gastric lumen has a pH < 2, which prevents
bacterial growth. In the mucus layer, which covers
the gastric epithelial cells, is a pH gradient ranging
from 2 the luminal surface to 5-6 on the surface of
[31]
epithelial cells . After entering the stomach, H. pylori
enters the gastric mucous layer, which is a less acidic
[32]
environment . Within the mucosal layer, H. pylori can

H. PYLORI A BRIEF HISTORY
The bacterium known as H. pylori has been the subject
of intense research since its first culture from a gastric
biopsy in 1982. From the beginning, this microorganism
has provoked the interest of many health professionals,
including researchers in the area of oncology. The
possibility that a bacterium could cause gastritis,
peptic ulcer and possibly cancer was a difficult
concept to accept. However, researchers had known
of evidence for the involvement of a microorganism
in the development of ulcers in experimental animals
since the previous century. Bizzozero, in 1893,
detected the presence of coiled organisms, known
as spirochetes, in gastric glands and in the parietal
cells from canine stomachs. Subsequently, in the
1940s, spirochetes were identified in human gastric
samples, and most of them were present in patients
with gastric ulcer. However, the researchers’ interest in
identifying a bacterium as the causative agent of ulcers
was decreased by the reports in the literature that
highlighted a probable association between viruses and
peptic ulcer. Steer and collaborators renewed interest in
the association between the development of ulcers and
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adhere to the apical surface of gastric epithelial cells
[33]
and occasionally be internalized .
The ability of H. pylori to colonize the human
stomach can be attributed to the production of
specific bacterial products, which are collectively
[34,35]
called colonization factors
. The bacteria have
multiple membrane proteins, such as AlpA, BabA,
SabA, and HopZ, that mediate the adherence of the
bacteria to the gastric epithelial cells, which results in
the inactivation of numerous signaling pathways, and
allow toxins and other effector molecules to enter the
[36]
host cells . Furthermore, the presence of virulence
factors enables the bacteria to colonize and remain
in the gastric mucosa of the host, thereby provoking
an inflammatory response that would lead to a
progression of events that can lead to gastric cancer.
H. pylori virulence factors play a role in determining
the patterns of disease with genetic differences
[37]
affecting the clinical outcome of infection . The most
characterized virulence factor is cag pathogenicity
island (cag-PAI), a 40-kb length of chromosomal DNA,
which contains approximately 31 genes that encode a
[38]
type Ⅳ secretion system . This system allows CagA
(cytotoxin-associated gene A) protein to be injected
into the epithelial cell cytosol and then to interact with
several intracellular signaling molecules, ultimately
causing morphological alterations and inducing higher
[18]
inflammatory levels . Another virulence factor that
is also associated with gastric cancer is the VacA
gene, which induces vacuole formation in the host
cell, stimulates apoptosis by release of cytochrome
[39,40]
c from mitochondria and induces inflammation
.
In addition, lipopolysaccharide (LPS), is recognized
as a potent endotoxin capable of increase the
[41]
proinflammatory cytokine production .

and inflammatory cascades initiated by immune
[45]
responses . The cellular signaling changes are
characterized by release of cytokines into the mucosa
lamina propria to activate macrophages, dendritic cells
and other inflammatory cells to release inflammatory
mediators such as interleukin-1 (IL-1), IL-6, IL-8,
[46]
tumor necrosis factor (TNF)-α . IL1-β and TNF-α
induce the activation of nuclear factor-κB (NF-κB),
a key regulator of inflammation and other cellular
cascades that underlie carcinogenesis in epithelial cells,
which lead to cell proliferation and the suppression of
[47]
apoptosis . The activation of NF-κB can also regulate
the expression of the pro-inﬂammatory cyclooxygenase
(COX-2) enzyme, which induces TNF-α, interferon-γ
and IL-1 and contributes to maintenance of cell
proliferation, inhibition of apoptosis, and stimulation
[48]
of angiogenesis in favor of carcinogenesis . It has
been demonstrated in vitro that strains harboring cagA
induce the activation of extracellular-signal-regulated
kinases (ERKs), such as p38, and MAP kinases, such
as c-Jun N-terminal kinase (JNK). Additionally, it has
been shown that the exposure of gastric epithelial cells
to H. pylori induces the activation of the transcription
factor activator protein 1 (AP1) and both the c-fos and
[49,50]
c-jun protooncogenes
. These effects might occur
through the activation of ERK/MAP kinase pathways,
which results in the phosphorylation of Elk-1 and an
[49]
increase in the transcription of c-fos . Because MAP
kinases regulate cell proliferation, differentiation,
apoptosis, oxidative stress and inflammatory response,
it has been suggested that the activation of this
pathway by cagA-positive H. pylori strains seems to be
[51]
essential to induce gastric inflammation and cancer .
This inflammatory-related stress also results in the
increased production of ROS and RNS by neutrophils,
which causes cell damage by the formation of oxidative
DNA lesion products, including 8-oxo-7,8-dihydro-2’deoxyguanosine (8-oxodG), and an increase in gene
mutation. In this sense, it is important to note that
one of the factors that contribute to the development
of gastric cancer is the generation of oxidative stress.
Oxidative damage to DNA due to H. pylori infection
has been well documented in gastric biopsies, and
it seems to be related to the presence of cagA and
[52-57]
vacA virulence factors
. In vitro experiments have
indicated that the exposure of gastric epithelial cells to
different H. pylori strains induces the generation of pro[58]
inflammatory cytokines and ROS . Moreover, it has
been observed that patients with H. pylori-associated
gastritis, have increased levels of inducible nitric oxide
synthase (iNOS) and COX-2. Bearing in mind that
both products are potentially mutagenic, it is believed
they could be related to the mutations detected in
patients with chronic gastritis with an increased risk of
[59,60]
developing gastric carcinoma
.
The inflammatory response, in addition to inducing
oxidative DNA damage, can cause changes in cell
[61]
turnover . H. pylori infection is also responsible for
inducing apoptosis, which stimulates gastric epithelial

MOLECULAR MECHANISMS OF GASTRIC
CARCINOGENESIS INDUCED BY H.
pylori
H. pylori infection plays a critical role in carcinogenesis,
in which a long-term interaction between bacterial
inflammatory factors and epithelium progenitor and
stem cells of the host culminates in the accumulation
of mutations and epigenetic modifications that may
lead to neoplasia. H. pylori infection is usually acquired
during childhood, persists for several decades, and is
followed by progressive mucosal damage because of
continued interaction of H. pylori with the mucosa and
the consequent chronic inflammatory milieu, which
leads to mucosal atrophy, intestinal metaplasia, overall
resulting in an environment with enhanced risk of
[42,43]
developing dysplasia and carcinoma
. Additionally,
this landscape may lead to hypochlorhydria and permit
the overgrowth of other bacteria that may increase
[44]
carcinogenic potential in the stomach .
Once infected by H. pylori, the epithelial cells of
gastric mucosa undergo activation of immunologic
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[62,63]

cell proliferation in response
. In addition, it has
been shown that the proliferation of gastric cells is
associated with the appearance of somatic mutations
due to errors in replication and/or inappropriate DNA
[64,65]
repair capacity
. Therefore, these changes in cell
turnover could accelerate the progression to atrophic
gastritis, thereby increasing the risk of developing
[64,66]
gastric cancer
. Additionally, it has been shown
that LPS is also able to interfere with the DNA repair
machinery of intestinal cells, thus increasing the risk of
[67]
permanent genotoxic effects .

the biological significance of this cancer-specific DNA
hypomethylation has not been fully elucidated, animal
studies have confirmed a causal connection between
[75]
hypomethylation and tumor formation . On the one
hand, it has been shown that DNA hypomethylation
may reactivate genes that are normally silenced
[76]
by DNA methylation . On the other hand, the de
novo methylation of CpG islands in gene promoters
is associated with the loss of expression of several
cancer-related pathways, including BRCA1 (breast
cancer 1, early onset), CDKN2A (cyclin-dependent
[72]
kinase inhibitor 2A) and MLH1 .
Currently, the importance of gene promoter
methylation is well known in the development of
cancer. Thus, as observed for other tumor tissues, the
effects of DNA methylation on gastric carcinogenesis
has been extensively studied. To date, aberrant DNA
methylation has been described in more than 100
[77]
genes . The hypomethylation of oncogenes and
cancer-associated genes and the consequent gene
activation have been associated with tumorigenesis
and with progression and metastasis of gastric
[1,77]
cancers
. In contrast, the hypermethylation of CpG
islands, which results the in gene silencing of tumorsuppressor, pro-apoptotic and DNA repair genes, has
[1,77]
been observed in relation to gastric carcinogenesis
.
An aberrant methylation pattern was also associated
with the presence of H. pylori infection. Maekita et
[78]
al
evaluated the effect of H. pylori infection on the
quantity of methylated DNA in noncancerous gastric
mucosae and examined its association with gastric
cancer risk. Those authors observed bacterial infection
potently induces the methylation of multiple CpG
islands in noncancerous gastric mucosa associated
with the risk of gastric cancer in H. pylori-positive
[79]
individuals. Kang et al
analyzed the methylation
profiles of 27 cancer-related genes in samples from
patients with gastric cancer and chronic gastritis.
In their study, it was observed that the number of
methylated genes was significantly higher in samples
from patients with gastric cancer than in those from
patients with chronic gastritis. It has been shown that
the loss of RUNX3 expression was also associated with
[80]
promoter methylation . Additionally, the methylation
of this gene is a risk factor for the carcinogenesis of
[81]
chronic atrophic gastritis with H. pylori infection .
Aside from these examples, more than one
hundred papers have been published associating
H. pylori infection with an altered DNA methylation
[1,77]
pattern and the risk of developing gastric cancer
.
Thus, it is worth emphasizing the important role
played by the H. pylori-induced inflammatory process
[82,83]
on aberrant methylation
. It has been shown that
IL-1β directly induces the promoter methylation of
E-cadherin and is an important mediator of TGF-β 1
[84-86]
promoter methylation
. In addition, it has been
shown that the eradication of the bacteria decreases
the level of methylation of several genes (CDH1,
p16, APC, MLH1, and COX2) that are associated with

EPIGENETICS, H. pylori AND GASTRIC
CANCER
The host-pathogen interactions are considered to
be among the most plastic and dynamic systems in
nature that lead to changes in epigenetic program.
“Epigenetics”, as introduced by Conrad Waddington in
1946, is deﬁned as a set of interactions between genes
and the surrounding environment that determines the
phenotype or physical traits in an organism. Currently,
epigenetics is defined as heritable changes in gene
expression that are not necessarily accompanied
[68]
by changes in the DNA sequence . To date, the
epigenetic role of different gene expression patterns in
determining the cellular phenotype has been broadly
studied. These processes include DNA methylation,
histone modifications that affect the chromatin structure
[69-71]
and DNA silencing by noncoding RNAs (ncRNAs)
;
ncRNA is not addressed in this review. The combination
of these modifications has been called the “epigenetic
code”, and because it is reversible, it has recently
emerged as a promising area for cancer research.
Studying the epigenetic pattern shared by different
cancers provides exciting potential for powerful and
more specific anticancer therapeutics.

DNA methylation

DNA methylation is one of the most common epigenetic
events in the human genome. This modification is
heritable and reversible; therefore, it is an important
[72]
therapeutic target . DNA methylation is a covalent
modification of nucleotides, and the most frequently
methylated nucleotide in the human genome is a
cytosine that is subsequently followed by a guanine
in the DNA sequence, which constitutes a CpG
dinucleotide. The cytosine is methylated in the C-5
position by a family of DNA methyltransferases
(DNMTs) using the universal methyl donor S-adenosylL-methionine (SAM). It has been reported that
5-methylcytosines account for approximately 1% of the
DNA bases in the human genome and affect 70%-80%
[73]
of the CpG sites in a human somatic cell .
The genome of the cancer cell is globally hypome
thylated in comparison with normal tissue. Hypome
thylation is related to both chromosomal instability
[74]
and the activation of proto-oncogenes . Although
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[87]

carcinogenesis . A study conducted in a Mongolian
gerbil model indicated that 5-aza-dC treatment
prevents the development of H. pylori-induced gastric
[88]
cancer .

level, gene expression is elevated or repressed. This
epigenetic mark is catalyzed by a different protein
complex, methyltransferase, which is dependent
on a specific domain. H3K27me3 is a modification
that has been found in many types of cancer and is
regulated by Polycomb proteins, which recognize this
modification through the chromodomain-containing
protein CBX1 (chromobox homolog 1) and induce the
compaction of chromatin, resulting in transcriptional
[95-98]
repression
. To maintain a balance between
histone methylation patterns, there are other enzymes
(called KDMs) that remove the methyl groups from
lysine residues and, as in the case of H3K27, upon its
demethylation by KDM6A (UTX) and KDM6B (JMJD3),
[99]
allow for active transcription .
The histone modifiers have a key role in the
development and progression of gastric cancer. Thus,
these post-translational alterations in chromatin
are all suggested to be predictors for gastric cancer
[100]
recurrence and survival
. There is evidence that
the overexpression of phosphorylated histone H3S10
[101]
is an indicator of poor prognosis for gastric cancer
and that hypoacetylation of this histone in the
p21(WAF1/CIP1) promoter reduces the expression
[102]
of this gene in gastric cancer specimens
. Recent
reports have shown that there is an induction of the
histone H3K4 demethylase KDM1A (LSD1) in some
gastric cancer cells associated with more aggressive
behavior of these cells, whereas the HDAC SIRT1
(sirtuin 1), which is downregulated in gastric cancer,
plays a tumor-suppressive role in gastric cancer
[103,104]
development by inhibiting NF-κB signaling
. In
addition, the H3K9/K36 demethylases KDM4B and
JMJD1C, H3K27 methyltransferase EZH2, and histone
lysine acetyltransferase KAT5 (TIP60) act as potential
markers for the malignancy of gastric cancer because
they are correlated with cell proliferation and lymph
[98,105]
node metastasis
.
To date, few studies are available concerning the
effects of H. pylori infection on histone modifications.
It has been shown in vitro that H. pylori causes
WAF1
the upregulation of p21
expression in both a
gastric epithelial cell line and primary gastric cells.
WAF1
The increased p21
expression is associated with
WAF1
increased HDAC1 recruitment from the p21
[106]
promoter and hyperacetylation of histone H4
. In
addition, it was demonstrated that H. pylori induces the
dephosphorylation and deacetylation of histone H3 in
gastric epithelial cells in a cagPAI-dependent manner.
Such modifications are associated with changes in host
gene expression, including the upregulation of c-Jun
[107,108]
and down-regulation of hsp70
.

Histone modifications

Histone proteins contribute to the maintenance
and regulation of the dynamic chromatin structure,
affecting the activation or inhibition of genes,
accessibility to the DNA repair machinery and many
other processes in the cell nucleus. Histones are
hydrophilic, basic nuclear proteins that are subunits of
the nucleosomes that constitute one of the structural
core units of chromatin. Nucleosomes are histone
octamers that consist of two copies of each of the
four canonical histone isotypes (H2A, H2B, H3 and
H4). DNA is wrapped around these octamers, which
are located along the DNA with a spacing of 177-207
[89]
base pairs, in a pearls-on-a-string manner . The
N-terminal tails of histones extend outwards from the
nucleosome and are the sites for regulatory covalent
modifications, including acetylation, methylation,
phosphorylation, ubiquitylation, ADP-ribosylation,
[90]
crotonylation and glutarylation . The packaging of
chromatin defines the gene state: the euchromatin
represents open and transcriptionally active regions,
whereas the heterochromatin represents condensed
[91]
regions with high levels of repetitive sequences .
Histone modifications directly affect the structure
of chromatin and drive gene regulation with distinct
functional activities. The architecture of chromatin can
create binding sites for the recruitment of chromatinmodifying proteins and alter the stability of the
[92]
interaction between DNA and histones . However,
these modification patterns are not static entities
but dynamically changing and complex landscapes
that evolve in a cell context-dependent fashion, are
frequently misregulated in cancer and thus represent
an interesting target for therapeutics.
The covalent histone modifications are controlled
by enzymes that are able to add or remove different
modifications in specialized domains that other
enzymes recognize to activate or repress the gene
expression. This is also known as the “histone code”,
a key factor in the establishment and maintenance of
epigenetic cellular memory. The best-characterized
covalent histone modification is the acetylation
of lysine residues that are regulated by histone
acetyltransferases (HATs). This modification results in
a neutralization of lysine charges, in turn weakening
the interaction between histone and DNA with
[93]
subsequent activation of transcription . In contrast,
histone deacetylases (HDACs) are enzymes that are
responsible for erasing this mark and deacetylating
the lysine residues, which results in a repressive state
of chromatin and may thus directly influence cancer
[94]
development by silencing tumor suppressor genes .
Furthermore, the lysine residues of histones can
be methylated, and depending on the methylation
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DNA REPAIR MECHANISMS
The DNA repair machinery plays a key role in main
taining genomic stability by preventing the appearance
of mutations. The DNA repair enzymes continuously
monitor the chromosomes to correct any damage
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NER

caused by exogenous and endogenous mutagens. The
following DNA repair mechanisms respond to such
DNA damage: (1) BER, which is essential for removing
oxidized or chemically modified bases; (2) NER, which
repairs pyrimidine dimers; (3) DNA MMR, which is
required to correct any errors that occur during DNA
replication (base-base errors, deletions and insertions);
and (4) DSBR, which is vital for every living organism
[109]
and acts at different stages of the cell cycle .

Concurrent with the BER repair system, organisms
have evolved a hierarchy of different pathways to
handle several injuries caused to DNA to maintain
genomic stability. Among the mechanisms of DNA
repair, NER is the most versatile and can repair a
large repertoire of chemically and structurally distinct
injuries. There are more than 30 proteins that act in
a sequential and concerted manner to remove DNA
damage. During this process, the phosphodiester
bonds 3’ and 5’ from the DNA damage are hydrolyzed
by enzyme machinery called “excinuclease”. Then, a
short oligonucleotide containing the lesion is removed,
and the resulting gap is filled by a polymerase. In
summary, this pathway consists of five steps: damage
recognition, incision, excision, repair synthesis, and
[121]
ligation
. In addition, NER can work together with
transcription. Transcription-coupled repair ensures that
the strand containing active genes are repaired with
a higher priority than the rest of the genome, most
likely because of RNA polymerase Ⅱ (RNAPⅡ), which
[122]
acts as a sensor of injury
. Although NER confers
protection against the accumulation of DNA lesions and
maintains genome integrity, reducing NER activity may
be beneficial for cancer patients who are undergoing
chemotherapy to ensure the efficient action of the
[123]
DNA damage-inducing drugs . Additionally, it is well
known that genetic defects in NER components cause xero
derma pigmentosum, an autosomal recessive disorder
characterized by photosensitivity and predisposition to
[124]
skin cancer .
It has been described that XPC, a NER gene, is
highly methylated in different cell lines (Calu-1, H1355,
[125]
and H441)
. Among bladder cancer patients, the
XPC hypermethylation was related with lower mRNA
[126]
levels . In addition, the genes RAD23A and ERCC1,
are also inactivated through promoter methylation in
[127,128]
vitro
.

BER

It is estimated that each human cell repairs appro
[110]
ximately 10000-20000 DNA lesions per day
. To
achieve this repair, enzymes involved in the BER
system recognize damage at DNA bases and catalyze
the excision and replacement of the damaged
[111]
nucleotide
. This repair is initiated by the action of
specific DNA glycosylases that recognize the DNA base
damaged and cleave the N-glycosidic bond that links the
[112]
DNA sugar-phosphate backbone . The appearance of
an abasic site (apurinic/apyrimidinic site or AP site) is
then processed by an AP endonuclease (APE1 in human
cells), which cleaves the 5’ phosphodiester bond to the
AP site, thereby generating a DNA single strand break
that contains a hydroxyl residue on the 3’ end and a
phosphate on the deoxyribose 5’ end. This arrangement
allows the DNA polymerase to incorporate a new
nucleotide, and the DNA ligase (XRCC1-DNA complex
ligase Ⅲα) then connects the terminal portion of the
[112,113]
DNA
.
The BER is involved in the repair of small changes
in DNA bases, which may occur by both the short path,
which is required for the removal of one nucleotide,
and the long path, which removes from 2 to 13
nucleotides. The most common injuries removed by
this system are an oxidized base, i.e., 8-oxodG, which
can pair with either cytosine or adenine, resulting in
[114]
transversions from G:C to T:A
. In addition, BER
is involved in the removal of uracil in DNA formed
by spontaneous cytosine deamination, which results
[115]
in erroneous matching U:G
. A number of human
pathologies, including cancer, result from oxidative
DNA damage caused by endogenous and exogenous
agents. In this sense, many epidemiological studies
have investigated the association between common
[116]
variants in BER genes and human cancer .
In addition, BER proteins may also play an important
role in epigenetic regulation of gene expression. It
has been recently demonstrated that BER proteins
are necessary for both DNA methylation- and histone
modification-mediated epigenetic regulation separate
from its main function in maintaining genome stabi
[117]
lity . Regarding the effects of promoter methylation
controlling gene expression, it has been reported that
some BER genes such as, MBD4, TGD, and OGG1, are
[118-120]
[120]
significantly methylated in vitro
and in vivo .
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DNA MMR

The primary function of MMR is to eliminate base-base
mismatches and insertion-deletion loops that arise as a
consequence of DNA polymerase slippage during DNA
[129]
replication
. The MMR system is composed of two
protein complexes: the MutS, including protein MSH2
(mutS homolog 2), MSH3 (mutS homolog 3) and
MSH6 (mutS homolog 6), and the MutL, comprising
MLH1 (mutL homolog 1), PMS1 (postmeiotic increased
segregation 1), PMS2 (postmeiotic segregation
Increased 2) and MLH3 (mutL homolog 3). The
operation of the MMR system requires that the protein
complex MutL binds to MutSα (MSH2, and MSH6)
or MutS-β (MSH2, and MSH3). It is believed that a
deficiency in this repair system could be responsible for
[130,131]
the accumulation of mutations
. Furthermore, the
DNA repair enzyme MGMT (O-6-Methylguanine DNA
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methyltransferase) protects the DNA from mutations
caused by alkylating agents, and the loss of MGMT
[132]
expression can lead to the development of cancer .
MSI is one hallmark of DNA MMR deficiency that
is involved in carcinogenesis. Microsatellites are short
DNA sequence repeats that are scattered throughout
the human genome. Errors in the DNA MMR me
chanisms of tumor cells can result in the expansion
or contraction of these repeated sequences and thus
MSI. MSI was first described in 1993 in patients with
hereditary nonpolyposis colorectal cancer (HNPCC),
and from its discovery to date, it has been described in
[8,133]
various types of cancer
.
It has recently reported that trimethylated the
histone modification H3K36 (H3K36me3) plays a
[134]
critical role during initiation of MMR in vivo
. In
this brilliant manuscript the authors showed that
H3K36me3 interacts with and recruits MutSα to
chromatin through the MSH6 PWWP domain. The
abundance of H3K36me3 increases and reaches
a plateau in late G1/early S, which correlates with
the most critical need for MutSα on chromatin. In
contrast, they found that the abundance of H3K36me3
decreases rapidly in late S and G2, when MMR is no
longer relevant or helpful.
Additionally, it has been shown that methylation in
the promoter region of MLH1 is related with a decreased
activity of the gene in several types of cancer, such
[135]
[136]
as: HNPCC , in sporadic endometrial carcinoma ,
[137]
[138]
gastric cancers
, sporadic colorectal cancer
,
[139]
[140]
ovarian tumors
, non-small cell lung cancer
,
[141]
[142]
oral squamous cell carcinoma , neck , and acute
[143]
myeloid leukemia . In summary several studies have
been shown that MLH1 promoter methylation may have
considerable importance in cancer development and
as a prognostic factor. In addition, recent evidences
reported that MSH2, MSH3, and MSH6 are also
[144]
regulated by promoter methylation .

HR initiates with extensive 5′ to 3′ end processing
at broken ends. XRCC3 (X-ray repair Complementing
defective repair in Chinese hamster cells 3) and RAD51
(RAD51 recombinase) are two important members of
the HR repair pathway. The BRCA2-RAD51 complex is
the central player for HR and catalyzes the homology
search and strand exchange reaction, thereby allowing
[150]
for the repair of the damaged region .
NHEJ starts in a stepwise manner, beginning with
end processing by the MRE11/RAD50/NBS1 (MRN)
complex and Ku70 and Ku80 subunits and resulting in
the activation of ataxia telangiectasia mutated kinase
(ATM), a member of the phosphatidylinositol 3-kinaserelated kinase family. The association of ATM with
the MRN complex leads to the activation of serine
residue 1981 by phosphorylation, which results in the
phosphorylation of the downstream targets involved
in DNA repair and cell cycle checkpoints, including
checkpoint kinase 2 (CHK2) and p53. Activated CHK2
can inhibit downstream targets, resulting in cell cycle
arrest. ATM pathways also contribute to stabilization of
the tumor suppressor protein p53 and lead to cell cycle
[145]
arrest at the G1 phase .
Among epigenetic changes associated with DSBR,
it has been shown that the DNA damage repair
occurs in the context of chromatin. Among chromatin
modifications linked to DSB response it is clear that pho
[151,152]
sphorylation of H2AX occurs following the break
.
This phosphorylation occurs in a unique conserved
SQE motif in the C-terminal tail at serine 139 (S139),
[153]
so-called γ-H2AX
. Following phosphorylation the
DNA repair and checkpoint proteins as well as the
chromatin-remodeling complexes will form foci that
[154,155]
colocalize with γ-H2AX
. It has been shown that
the presence of γ-H2AX is not required for the initial
signaling and recruitment of DNA repair factors.
However, it is essential for their accumulation and
retention at the break site, and subsequent amplification
[154-156]
of the signal
. Additionally, methylation of histones
H3K79 and H4K20 has also been shown to be important
[157]
in the DSBR pathway .
Concerning the effects of DNA methylation on
DSBR, it has been shown that the HR gene, BRCA1,
was frequently methylated in several types of cancer
[158]
[159]
such as breast cancer
, ovarian cancer
, gastric
[160]
[161]
cancer
, non-small cell lung cancer
, uterine
[162]
[163]
cancer
, and bladder cancer
. In addition in has
been reported that DNA methylation of XRCC5, a
NHEJ gene, was found in patients with non-small cell
[161]
lung cancer and squamous cell carcinoma
. High
ATM methylation rate was also found in brain tumor
[164]
patients .

DSBR

DNA double-strand breaks are critical injuries to
the DNA molecule, which can result in cell death or
a variety of genetic alterations such as deletions,
LOH, translocations and chromosomal loss that are
[145]
considered hallmarks of cancer development
. It
is believed that such lesions may be attributed to
the action of exogenous agents (such as ionizing
radiation, chemotherapy drugs and infectious agents),
endogenous agents (reactive oxygen species - ROS)
[146]
and mechanical stress acting on chromosomes
.
Two main strategies are employed for DSB repair:
homologous recombination (HR) and non-homologous
end-joining (NHEJ). It has been demonstrated that
failures in any of the repair systems described above
[147]
are important risk factors in carcinogenesis
.
Additionally, several authors have shown that such
changes could potentially lead to a disruption in the
[148,149]
cell cycle and/or apoptosis
.
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DNA REPAIR, H. PYLORI-INDUCED
CARCINOGENESIS AND EPIGENETICS
As previously described, the cellular consequences of
H. pylori infection produce a large number of different
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Chronic Inflammation ↑ IL6 ↑ IL8 ↑ TNFa ↑ IL1b

Cag A
Vac A s1m1

ROS ↑ 8-oxodG

DNA methylation
Me

MLH1, MSH2, MSH3,
MSH6, PMS1, PMS2

Histone deacetylation

XRCC3, RAD51,
BRCA2, Ku70/80,
ATM, ATR, CHK2

Me

Me

Me

Me

APE1, XRCC1, OGG1

CpG island

MGMT

Promoter region

MSI phenotype

↓ DNA damage response
↑ Mutations
↑ Genomic instability
↑ Cancer risk

Figure 1 Proposed mechanism by which Helicobacter pylori induced epigenetic alteration affecting DNA repair. The more virulent Helicobacter pylori strains
(cagA and vacA s1m1) increase the inflammatory response, 8-oxodG and ROS production on epithelial cells. This landscape may cause the hypermethylation of CpG
islands and/or the histone hypoacetylation, which results the in the DNA repair gene silencing. It might increase the mutation rate which may contribute to the genomic
instability and gastric cancer development.

types of damage, such as 8-oxodG and AP sites, which
[165]
in turn lead to single- and double-stranded breaks ,
[166-168]
DNA crosslinking and mutation
. Such alterations
are removed predominantly by BER, which is critical
for maintaining genome stability during the chronic
[169]
inflammation that occurs during bacterial infection .
[169]
Studying BER-deficient cells, Meira et al
showed
that H. pylori infection enhanced the inflammatory
response and, as a consequence, increased the
production of ROS and tumor-promoting cytokines.
Moreover, the coculture of H. pylori in murine and
[170]
human cancer cell lines increased the DSB levels
.
Finally, a study showed that H. pylori infection induces
the accumulation of AP sites in DNA that are further
processed into DSBs, resulting in genomic instability
[171]
and cellular transformation .
It has been proposed that the ROS generated by
H. pylori infection, in either epithelial cell lines or cells
isolated from mucosal biopsy samples, increases APE1
protein and mRNA levels, which indicates that the
infected cells have a higher capacity to repair oxidative
[172]
[173]
DNA damage
. Additionally, Futagami et al
observed that APE-1 expression is higher in gastric
tissues from H. pylori-infected subjects compared
with tissues from uninfected subjects. They also found
that APE-1 is mainly localized in epithelial cells within
gastric adenoma samples and in mesenchymal cells
of gastric cancer tissues. The authors demonstrated
that APE-1 expression in gastric cancer tissues
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with or without H. pylori was significantly reduced
compared with that in H. pylori-infected gastric
adenomas, whereas evidence of DNA damage did not
differ between these neoplastic tissue types. These
findings implicated that APE-1 plays a role in H. pylorimediated human inflammatory and neoplastic gastric
[174]
diseases. However, Machado et al
studied BER
genes and detected a significant down-regulation of
APE-1 in infected gastric cells, whereas no changes
in OGG1 expression were observed. Because in BER
AP sites are generated by OGG1 and then repaired
by APE1, the authors postulated that an imbalance
between the generation and repair of AP sites could be
mutagenic though the generation of an excess of AP
sites that could be converted into mutations by DNA
polymerases or other repair enzymes (Figure 1).
XRCC1, another BER member, has been studied in
[175]
gastric carcinogenesis. Wang et al
showed that the
XRCC1 mRNA levels were lower in tumor tissues than
in the corresponding adjacent non-tumorous tissues.
Furthermore, the authors observed that methylation
of the XRCC1 promoter was more frequent in tumor
tissues, which indicated that methylation might
contribute to the regulation of the transcriptional
inactivation of XRCC1. Although XRCC1 repression
may be involved in gastric carcinogenesis, there are
no data available concerning the effects of H. pylori
on epigenetic modulation of XRCC1. Similarly, further
studies are necessary to understand the role of H.
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pylori infection on the epigenetic regulation of APE-1
and OGG1 (Figure 1).
MMR is one of the most important DNA repair
pathways for maintaining genomic stability. MMR
impairment results in the accumulation of mutations and
an increased risk of MSI during replication. It has been
shown that H. pylori infection is associated with the
reduced efficiency of the DNA repair machinery, which
favors the accumulation of mutations and genomic
[168,174,176,177]
instability as well as gastric carcinogenesis
.
Over the last several decades, there has been a growing
body of evidence showing that genomic stability is
affected by failures in MMR and that H. pylori is able to
down-regulate the expression of several MMR effectors
such as MLH1, MSH2, MSH6, PMS1 and PMS2, in vitro
[166,167,174,176]
and in Big Blue transgenic mice
. Additionally,
studies conducted in humans demonstrated that the
infection reduced the MLH1 levels compared with
[178,179]
uninfected individuals
MLH1 down-regulation has been attributed to
an increase in CpG methylation of its promoter
[176]
[87,179,180]
region in vitro
and in vivo
. It has been
reported that MLH1 promoter methylation occurs
late in the progression of gastric carcinoma and that
methylation depends partly on the persistence of the
[87,179]
H. pylori infection
. Regarding the effects of other
epigenetic mechanisms regulating MLH1 expression,
[181]
the data from Fahrner et al
favor the idea that
DNA hypermethylation, not a particular combination
of histone modifications, is the dominant epigenetic
mechanism involved in maintaining the silencing of
MLH1.
Additionally, the presence of MSI in sporadic
colorectal carcinomas has been significantly associated
[182,183]
with the loss of MLH1 expression
. This pheno
menon was associated with the hypermethylation of
the MLH1 promoter, which is the underlying mechanism
that causes MSI in gastric adenomas and early gastric
[179,184,185]
cancers
. It is well known that H. pylori
infection causes an increased rate of cell turnover in the
gastric mucosa and thus overwhelms the DNA repair
system. This process might allow for the accumulation
of mutations that are consequent to H. pylori infection
[186]
and other environmental risk factors .
The effects of methylation status on other MMR
members (MSH2, MSH6 and PMS2) were evaluated
previously in diffuse- and intestinal-type gastric
[187]
cancer samples . The data presented indicated that
PMS2 methylation was associated with both diffuseand intestinal-type cancer. Diffuse-type cancer was
also significantly associated with MSH2 methylation,
and MSH6 does not seem to be regulated by DNA
promoter methylation. Although an association of
MSH2 and PMS2 promoter methylation with gastric
cancer was shown, the effects of H. pylori infection on
their methylation has not been evaluated (Figure 1).
Recently, it was reported that the mRNA levels of
MGMT, the gene product of which is required for the
repair of O-6-methylguanine, were reduced in the
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gastric epithelium from patients with gastritis infected
[188]
[179,189]
by H. pylori
and in gastric cancer patients
.
These results were associated with an increased
effect of H. pylori infection on MGMT CpG promoter
[188]
methylation compared with uninfected patients
.
Additionally, it has been suggested that the methylation
of the MGMT promoter in H. pylori-infected patients
[190,191]
is related to tumor progression
. The effects of
histone modifications regulating MGMT expression
on gastric carcinogenesis were also described. Meng
[192]
et al
, after treatment with 5-aza-2’-deoxycytidine
and/or Trichostatin A, described histone H3K9
dimethylation, H3K4 dimethylation, H3K9 acetylation
and DNA methylation working in combination to silence
MGMT. However, the role of H. pylori infection in histone
modifications regulating MGMT expression have not yet
been evaluated (Figure 1).
The accumulation of DNA damage has been
proposed to be a principal mechanism of infection,
inflammation and cancer. The damaged DNA can
be repaired through DSBR by either NHEJ or HR.
ATM and ATR are critical molecules initiating the HR
repair process, whereas Ku70/80 initiates the NHEJ
DNA repair process. Therefore, the activation of both
ATM/ATR and Ku70/80 is important in the DNA repair
[145,147,150]
process
.
[170]
It has been reported by Toller et al
that in vitro,
H. pylori infection induces DSBs in a BabA adhesiondependent manner. The authors also showed that
damaged DNA triggers a damage signaling and
repair response that involves the sequential ATMdependent recruitment of 53BP1 and MDC1 and the
phosphorylation of histone H2AX, a marker of DSB. In
summary, they propose that H. pylori DSB induction
contributes to the genetic instability and frequent
chromosomal aberrations that are a hallmark of gastric
cancer.
Subsequently, the results described by Hanada
[193]
et al
demonstrated that ATM is activated in vivo
and that this effect is related to H. pylori. They also
showed that activated ATM and γ-H2AX, a marker of
DSBs, are both present in H. pylori-infected human
gastric epithelium. From these results, the authors
concluded that it is likely that the ATM-dependent
response occurs in response to H. pylori-induced
DSBs to prevent or reduce chromosome aberrations.
Accordingly, it has been shown that damaged DNA
induces the induction of ATM, ATR, Ku proteins and
cell cycle transition as well as the activation of p53
[194]
in H. pylori-infected tissues
. Studying the DNAdependent protein kinase (DNA-PK), which is a
serine/threonine kinase that consists of a 465-kDa
catalytic subunit (DNA-PKcs) and the heterodimeric
regulatory complex Ku [composed of a 70-kDa (Ku70)
[195]
and an 86-kDa (Ku86) polypeptide], Lee et al
observed an increased expression in DNA-PKcs in H.
pylori-associated gastritis, which may be associated
with epithelial hyperproliferation or transcriptional
changes. They also found that gastric cancers negative
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for DNA-PKcs are associated with an advanced stage,
MSI phenotype; a high prevalence of lymph node
metastasis; and poor patient survival.
A higher number of DSBs have been described in
infections from H. pylori strains that are positive for
the cagA virulence factor than from strains that are
[193]
negative for it
. Additionally, they found that CagA
inactivated RAD51, which suggested that higher levels
of DSBs may be related in part to the reduced activity
[193]
of DSB repair via HR
. In a complementary way,
[194]
Bae et al
concluded that H. pylori-induced oxidative
stress mediates a DNA damage response through
NHEJ and HR repair processes, cell cycle arrest, and
apoptosis in gastric mucosa of Mongolian gerbils
(Figure 1).
It is well known that a major aspect of cellular
response to DSBs occurs through specific interactions
with chromatin structure and its modulation,
which implicates highly dynamic post-translational
modifications of histones that are critical for DNA
damage recognition/signaling, repair of the lesion and
release of cell cycle arrest. It has been reported that
histone modification are disrupted in human cancers,
implying that altered chromatin structure in tumor cells
may impact DSB repair, increasing genomic instability
[157,196]
and contributing to the progression of cancer
.
Concerning the role of histone modifications regulating
DSBR on gastric carcinogenesis, at the moment, there
are no data available in the literature. Similarly, the
putative effect of H. pylori infection in this mechanism
has never been studied.

5
6

7

8
9

10

11

12

13
14

CONCLUSION
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Over the last decade, the role of epigenetic alterations
in gastric carcinogenesis has received greater
attention. As described in this review, the disruption of
epigenetic processes can lead to altered gene function
and malignant cellular transformation. Considering
the data expounded, it is clear that H. pylori plays a
role in modulating the expression of BER, MMR and
DSBR. Although aberrant epigenetic modifications are
now believed to be essential players in DNA repair
regulation, the epigenetic modulation of the DNA repair
machinery in H. pylori-induced gastric carcinogenesis
still requires further study.
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Endoscopic stenting has become a widely method for
the management of various malignant and benign
pancreatico-biliary disorders. Biliary and pancreatic
stents are devices made of plastic or metal used
primarily to establish patency of an obstructed bile
or pancreatic duct and may also be used to treat
biliary or pancreatic leaks, pancreatic fluid collections
and to prevent post-endoscopic retrograde cholangio
pancreatography pancreatitis. In this review, relevant
literature search and expert opinions have been used
to evaluate the outcome of stenting in biliary and
pancreatic benign and malignant diseases.
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implications for health care costs.
Moreover, while are reported favourable results
of endoscopic plastic stenting for post-operative
BBSs (post-cholecystectomy and post-OLT) with a
recurrence rate of 20% to 30%, approximately 80%
of patients with CP treated with plastic stenting may
[1]
eventually develop relapse of strictures .
For these reasons, there continues to be high
interest in pursuing alternative endoscopic approaches
that may achieve comparable or better results while
requiring fewer interventions.
In this setting the use of self-expandable metal
stent (SEMS) is an attractive alternative to single or
multiple PSs for treatment of BBSs for several technical
and economic reasons.
It is technically difficult to place several PSs during
the initial endoscopic procedure due to the diameter
of the stricture and the size of the bile duct below
the stricture. The small diameter delivery system of
metal stent allows placement without stricture dilation
enabling an easier endoscopic procedure, whilst
a single metal stent expands to a large diameter,
equivalent to three 10 Fr PSs and can remain in place
for a prolonged period of time before removal.
PSs have a limited patency that requires frequent
stent exchanges to prevent or manage stent occlusion.
Metal stents may allow dilation of a benign stricture
without the need for progressive stent upsizing,
thereby reducing the number of requisite ERCPs, so
the higher cost of metal stent may be offset by the
decrease in ERCPs.
A tapered deployment catheter is likely to obviate
the need for pre-treatment with balloon or passage
dilation, thereby reducing the number of devices
needed at the time of initial ERCP.
The superior patency of metal stent may lower the
cumulative number of ERCPs and time required to fully
dilate a BBS.
The initial increased cost of a metal stent compared
with one or more PSs should be offset by the need to
perform fewer procedures.
Uncovered self-expandable metal stents (USEMSs)
are not recommended for treatment of BBSs because
tissue ingrowth through the mesh of the stent make
stent removal impossible, while for this purpose metal
stents must be partially-covered (PC), or even better,
fully-covered (FC).
The use of PC-SEMSs showed good result, with a
technical success of 100% and clinical success rates of
75% to 90% in both post-operative and inflammatory
[12,13]
BBSs
.
However, tissue ingrowth through the uncovered
areas of stent mesh leads to both premature stent
obstruction and embedding of the stent into the biliary
wall, making future retrieval of the PC-SEMS difficult
and was also noted in some cases that the tissue
hyperplasia at the proximal uncovered portion of the
[14]
stent resulting in a new stricture .
Because of limitations related PC-SEMSs, parti

INTRODUCTION
Endoscopic stenting has become a widely used method
for the management of various malignant and benign
pancreatico-biliary disorders.
Biliary and pancreatic plastic or metal stents are
used primarily to establish patency of an obstructed bile
duct or main pancreatic duct (MPD) but may also be
used to treat biliary or pancreatic leaks, cholecystitis,
large non-removable common bile duct (CBD) stones,
pancreatic fluid collections (PFCs) and to prevent post
endoscopic retrograde cholangiopancreatography
(ERCP) pancreatitis (PEP).
This paper will cover the indications an outcome of
the different types of stents currently used, techniques
of placement, established and upcoming indications,
and complications associated with stent use.

BENIGN BILIARY DISEASES
Benign biliary strictures

Benign biliary strictures (BBSs) can be caused by postoperative injury (particularly after cholecystectomy),
anastomotic injury following orthotopic liver transplanta
tion (OLT), chronic pancreatitis (CP), primary sclerosing
cholangitis (PSC), post-endoscopic sphincterotomy (ES)
and other less frequent conditions, such as radiation
therapy, IgG4 involvement of the bile ducts and portal
[1]
biliopathy .
The choice of the type and the number of stents is
dependent mainly on the etiology of BBSs.
In patients with PSC a single plastic stent (PS) for
a dominant bile duct stricture can be sufficient, while
for most of these diseases the standard endotherapy is
[2,3]
dilation with placement of two or more PSs .
[4]
Bergman et al
treated patients with postcholecystectomy BBSs with two 10 Fr PSs during one
year with exchange every three months and in the
cohort patients that completed the 12-mo stenting
period, during nine years of follow-up achieved a
clinical success rate of 80%.
[5]
In similar patients, Costamagna et al placed the
maximum number of PSs (until four 10 Fr could be
placed in the first ERCP) during a year with exchanges
every three months and during a 4 years of follow-up
achieved a clinical success rate of 97.5%.
These good results were confirmed in the same
cohort after a long follow-up (mean 13.7 years, range
11.7 to 19.8) with an 11% stricture recurrence rate,
[6]
always successfully retreated endoscopically .
This approach of progressive dilation with an
increasing number of PSs have been undertaken in
patients with post-OLT BBSs either anastomotic or
[7-9]
[10]
non-anastomotic , in CP strictures , or in post-ES
[11]
strictures .
However an important limitation of the multi
stenting strategy is the need of 3 to 4 ERCPs sessions
over the one-year period, with implications of patient
satisfaction and quality of life, along with important
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cularly tissue ingrowth at the uncovered portions, FCSEMSs were introduced for the treatment of BBSs. The
absence of epithelial hyperplasia and embedding of an
FCSEMS also allows the possibility of leaving the stent
in situ for more than 6 mo, if required.
However, in early reports, stent migration was
common because of the nature of the FCSEMS used.
Stent migration has been reported to range from
[15-17]
4% to 40%
.
Several designs for anti-migration properties of FCSEMSs have been developed such as stents with flared
ends, anchoring fins and anchoring flaps.
Among studies using stents with anchoring fins to
[18]
prevent migration, Mahajan et al
achieved a very
high (83%) improvement in biliary stricture with a
migration rate of 4.5%, but stent removal was not
easy and at cholangioscopic examination, performed
in half of the patients after stent removal, found biliary
mucosal ulcer formation and haemorrhage induced by
the anchoring fins.
The use of FC-SEMSs with flared ends was reported
in single and multicenter studies with good resolution
rate of BBSs, but with a migration rate ranging
[19-21]
between 10% and 31%
.
To overcome the problem of the migration, the use
of stent with anchoring flaps design showed excellent
results.
[22]
Park et al
compared two types of FC-SEMS in
43 patients with BBSs; one stent had four anchoring
flaps at the proximal end and flared distal end, and
the other had flared end at both proximal and distal
parts without anchoring flaps. After a median of 6 mo,
no migration occurred in patients in the anchoring
flaps group, while the 33% of patients in the flared
end group had migration (P = 0.004). In both groups
the FC-SEMSs were removed without difficulty and an
immediate improvement of biliary stricture was 91%
in the anchoring flaps group and 88% in the flared end
group.
These results were also confirmed in a recently
prospective multicenter study, in which 24 patients
with BBSs were treated with the placement of a
FC-SEMS with double lasso and anchoring flaps as
first-line therapy. Technical and clinical success were
100% and only one late stent migration occurred
[23]
(3.3%) .
Also with the use of metal stents in most of the
published studies stricture resolution rate was noted to
be lowest in patients with CP.
However a recent systematic review of the studies
published from 2000 to 2012 compared the feasibility,
success rate, and complications rate of covered SEMS
(376 cases) with multiple PSs (570 cases) in patients
with BBSs and showed a significantly higher clinical
success rate (P = 0.006) for covered SEMS (77%)
compared to PS (33%) in strictures related to CP at 12
mo follow-up and the incidence of late adverse events
was lower in patients treated with covered SEMSs
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compared to PSs (P = 0.02); there were no differences
in the success rates of other etiologies, but in all types
of BBSs the median number of ERCPs was significantly
lower (P = 0.002) with covered SEMSs compared to
[24]
PSs (1.5 vs 3.9) .

Biliary stones

When endoscopic removal of CBD stones fail, insertion
of plastic biliary stent to bypass the stone is a useful
[25]
alternative .
Both 7 and 10 Fr straight and double pigtail stents
have been used to drain the CBD in patients with
irretrievable CBD stones. Placement of a stent is
mandatory if biliary clearance cannot be achieved
during ERCP, and can be placed temporarily in patients
who require more than one session for clearance.
Biliary stenting not only provides a temporary
conduit for bile outflow, but stent placement may allow
stone extraction to be more successful on the next
endoscopic attempt, because the mechanical irritation
of the stent due to continuous friction and enhanced
by body and intestinal movements, reduce the size of
the stone and increase stone fragmentation.
The technical success rate of plastic biliary stenting
for CBD stones has been reported to be nearly 100%
and the rate of successful stone removal during follow[26]
up has been reported to range from 44% to 92% .
Recurrent cholangitis is the most frequent
complication of stent occlusion reported between
3.5% and 40%. To prevent this complication a recent
RCT compared a group of patients in whom PSs were
changed every 3 mo or sooner if symptoms appeared
to a group of patients in whom the PSs were changed
[27]
on demand at the onset of symptoms . The results,
suggests stent exchange every 3 mo is the preferred
[27]
approach . Other complications are stent migration
and clogging.
Although metal stents are usually not used in CBD
stones, some studies have shown that metal stents have
an advantage over PSs in improving subsequent duct
[28,29]
clearance and to prevent long-term complications
.
The large diameter of metal stents may facilitate
subsequent clearance of bile duct stones, potentially
through exerting radial forces to affect stone
fragmentation and papillary dilation. Long-term patency
may also make metal stent placement an option for
patients in whom long-term stenting is desired for any
reasons.

Biliary leaks

Biliary leaks (BLs) are most often a consequence of
surgery, such as open or laparoscopic cholecystectomy,
OLT and hepatic resection, trauma, or invasive procedures,
such as liver biopsy and percutaneous transhepatic
[30]
cholangiography .
A variety of endoscopic techniques have been used
to manage BLs. These include ES alone, placement of
PS with or without ES, and nasobiliary drainage with
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or without ES. The goal of endoscopic treatment is to
reduce the pressure gradient between the biliary tree
and the duodenum, allowing preferential flow of bile
into the duodenum and preventing outflow through the
[31]
leak .
[32]
In a study of 207 patients with BL, Sandha et al
proposed an algorithm, recommending ES alone for
minimal leaks (< 200 mL/24 h), insertion of a PS for 4
to 6 wk for more severe leaks, presence of strictures,
contraindication to ES or poor post-ES drainage. Using
this strategy provides satisfactory results in more than
[32]
90% of patients . However in published studies the
most frequently used approach is the placement of a 7
Fr or 10 Fr stent with or without ES for 4 to 6 wk, with
[33-37]
clinical success ranging between 90% and 100%
.
The placement of PS has some disadvantages.
When PSs are used at least one repeated procedure
is necessary if occlusion or migration occurs. Further
more, in patients with major BLs, such as those
resulting from damage of the CBD or common hepatic
duct (often associated with larger defects) multiple PSs
can be inserted into the bile duct in order to fill the bile
duct lumen and cross the site of the leak.
When endoscopic treatment fails, surgery remains
an option but is not preferable for high-risk patients
[38]
with severe comorbidities .
Recently, PC and FC-SEMS have been used to
treat complex BLs, which are not responsive to plastic
stenting and also as first-step endoscopic therapy,
with a clinical success rate ranging between 70% and
[39-42]
100%
. The use of metal stents not only reduces
the pressure of the sphincter of Oddi but may also
close the fistula area.
However metal stents cannot be routinely re
commended for management of patients with postOLT BLs, because a high risk of post removal biliary
[43]
strictures, especially if FC-SEMSs with fins are used .

adverse event rate ranging between 0% and 20% that
include post-ERCP pancreatitis, bleeding, perforation
of the cystic duct or gallbladder, stent occlusion, stent
[46-49]
migration and sepsis
.
In recent years, endoscopic ultrasonography (EUS)
guided drainage has been reported as an alternative to
the percutaneous transhepatic gallbladder drainage.
The EUS approach is comparable with radiological
approach in terms of the technical feasibility, efficacy
and safety, as proved in a recently randomized
[50]
comparative study .
Endoscopic transpapillary gallbladder drainage
is subject to low technical success rates due to non
visualization of the cystic duct on cholangiography
and failure of guidewire passage through the cystic
duct into the gallbladder. In these circumstances,
EUS-guided drainage is gaining favour as an effective
alternative to the transpapillary technique of drainage.
In the first published studies of EUS-guided
drainage, PSs were used. However, the placement of
these stents often requires large tract dilatation, thus
increasing the risk of bile leakage, distal migration and
clogging, because their small caliber, which can limit
bile flow, especially when the content of the gallbladder
is thick.
A good alternative to the use of PSs for EUSguided drainage is the use of metal stents because
of their larger diameters. Occlusion is less likely and
can seal the gap between the stent and the fistula
tract by its covering and expansion, thereby reducing
the risk of bile leakage. However the risk of migration
with subsequent leakage remains. Migration may be
mitigated by placement of a double pigtail PS through
the SEMS.
Recently specific FC-SEMSs have been designed to
avoid these drawbacks by either enlarging and bending
the flares at the ends of the stent 90°, or by means of
a “saddle” shape with distal anchor flanges to ensure
[51,52]
both lumen apposition and drainage
.
The preliminary data on the use of lumen apposing
metal stent (LAMS) for EUS-guided drainage showed
mean technical and clinical success rates of 95% and
95%, respectively and a mean overall adverse event
[53,54]
rate of 5%
.
These stents also have been shown to provide
an additional advantage of allowing access to the
gallbladder lumen using slim (< 10 mm) endoscope to
[55,56]
perform biopsy, stone removal or debridement
.

Cholecystitis

Transpapillary gallbladder stenting can be considered
in patients with acute calculous or acalculous
cholecystitis when standard treatment options fail or
are contraindicated. It is useful for patients who are
critically ill and for those with severe comorbidity that
precludes a surgical cholecystectomy and/or have
contraindications for placement of a percutaneous
cholecystostomy tube. Such patients include those with
the presence of large amounts of ascites, coagulopathy,
or an intervening loop of bowel between the diaphragm
and the liver that precludes percutaneous access.
Endoscopic stenting is contraindicated in patients with
perforated gallbladder, who are too unstable to undergo
endoscopy or sedation, or who are pregnant, because
of the risks of radiation exposure from a prolonged
[44,45]
procedure
.
The technical success rate of transpapillary
gallbladder stenting varies from 75% to 100%, with a
clinical response rate between 70% and 100% and an
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Bleeding

Post-ES and biliary bleeding were historically treated
with endoscopic hemostatic techniques such as
epinephrine injection, thermal therapy, balloon
tamponade, clips, and placement of large bore PSs (10
Fr or larger) to tamponade the bleeding site and to
[57]
maintain biliary drainage (BD) .
Recently the use of covered metal stents have been
reported for treatment of bleeding. These stents work
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by tamponading the bleeding site while also providing
drainage of the bile duct, especially when occluded by
blood clots.
Both PC and FC-SEMS were used in a total of 52
cases reported in the literature and based on these
series two weeks of FC-SEMS placement is adequate in
[58,59]
this setting
.

DMBO should be considered especially for patients
with a predicted life expectancy of more than 3-4 mo.
Uncovered, PC and FC-SEMS are used for palliation of
patients with DMBO.
SEMS failure is usually related to tissue ingrowth
using the uncovered type, while migration is usually
the cause of stent failure using the covered type.
A meta-analysis including only randomized con
trolled trials that compared stent patency duration and
rates of covered vs USEMSs demonstrates that there
are no differences in the patency rates at 6 or 12 mo
[64]
between the two types of stents . There were no
differences in the rates of pancreatitis, cholecystitis,
perforation, bleeding, cholangitis, or recurrent biliary
obstruction, as well as no differences in durations of
survival or hospital stay, but covered SEMS migrated
[64]
significantly more frequently than USEMS . There
was a decrease in tissue ingrowth but an increased risk
of tissue overgrowth in the covered SEMS group when
[64]
compared with the USEMS group .
Two recently randomized trials showed that the
stent patency rate was higher in covered SEMSs
[65,66]
compared to USEMSs
.
[65]
Hu et al , compared the use of a PC-SEMS with
an antireflux valve with an USEMS for the palliation
of DMBO and showed that the PC-SEMS has longer
patency and reduces the risk of ascending cholangitis.
[66]
Kitano et al , in another randomized trial demon
strated that for palliation of patients with DMBO, PCSEMSs with an antimigration system had a significantly
longer duration of patency (P = 0.019) than USEMSs
(median: 583 d vs 314 d, respectively) with absence
of stent migration.
Stent migration mostly affects the patency of
covered SEMSs and among the findings reported by
[66]
Kitano et al , of particular interest is the absence of
migration even with the use of PC-SEMSs.
The risk of migration is related to the conformability
of the SEMS in the bile duct, which is influenced by the
axial force exerted by the stent.
Stents with high axial force, such as the older
stainless steel SEMS, do not conform to the curved
bile duct, thus increasing the risk of adverse events
especially migration.
Thus, the use of nitinol SEMSs could reduce migration
rates, as demonstrated in a recent randomized trial by
[67]
Soderlund et al , that compared the patency rate,
patients survival, and adverse events in patients
with DMBO and palliated with PC-SEMS made from
stainless steel or nitinol and showed that stent failure
occurred more often in the stainless steel PCSEMS
group compared with the nitinol PC-SEMS group (P =
0.02); stent migration occurred in 13 patients in the
stainless steel group and in 3 patients in the nitinol
group (P = 0.01).
An increased rate of late adverse events was also
demonstrated in a previous retrospective study that
compared the use of nitinol and stainless steel USEMS

Perforations

Traditionally, ERCP-related perforations have been
managed surgically. However, only duodenal free
wall perforations are treated with a prompt surgical
intervention, while distal bile duct injuries that result
from penetration of the guidewire through the bile
duct during cannulation, or perivaterian perforations,
occurring after ES, can be treated with a conservative
approach with intravenous antibiotics, hydration, pain
control and placement of PSs, to prevent bile leakage
and formation of collections in the peritoneal or
[60]
retroperitoneal space .
Recently the use of FC-SEMS have been reported
to seal perforations (especially if the hole is large) and
to prevent bile leakage into the perforation site.
A total of 28 cases are reported in literature and
based on these series 4-6 wk of FC-SEMS placement is
[61]
adequate in this setting .

MALIGNANT BILIARY DISEASES
Endoscopic stenting is the therapeutic modality of
choice to decompress the biliary system in pancrea
ticobiliary malignancies.
Distal malignant biliary obstruction (DMBO) is
mainly caused by periampullary tumors, such as
carcinoma of the papilla of Vater, pancreatic cancer
and distal cholangiocarcinoma, and less commonly by
gallbladder carcinoma and metastatic diseases.
Biliary stent placement is a well-established
technique for palliation of patients with inoperable
DMBO and both PSs and SEMSs are routinely used in
current practice.
PSs diameters range from 7 Fr to 12 Fr. Any further
increase in PS diameter larger than 10 Fr increases
the technical difficulty of placement without improving
stent patency. Therefore, a diameter of 10 Fr is
thought to be the best combination of patency and
[62]
technical ease of placement .
PSs of 10 Fr have patency rates of approximately 3
mo, are very effective and are inexpensive, however,
the short duration of stent patency remains a drawback.
Metal stents, in their fully expanded state, have a
lumen diameter three to four times that of PSs. In a
recent meta-analyses SEMSs were associated with a
significantly longer stent patency (P < 0.001), lower
reintervention rate (P = 0.001) and longer patient
survival (P = 0.014) in palliation of patients with DMBO
[63]
when compared to PSs .
Therefore, placement of SEMS for palliation of
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[68]

Ⅲ and Ⅳ, poses particular difficulties.
In these patients, the risk of incomplete drainage
after contrast injection into the biliary system leads to
a high incidence of post-procedure cholangitis and for
this reason placement of 2 (or sometimes more) stents
to drain each occluded segment has been proposed.
Pre-procedure imaging with computed tomography
and MRCP is helpful to decide which obstructed
segments should be drained and how many stents
may be needed. It is important to realize that relief
of jaundice generally requires drainage of about 50%
of healthy liver or proportionally more in those with
[73,74]
underlying dysfunction
.
Therefore, the decision whether to place a single
biliary stent or multiple stents depends on the location
of strictures, the volume of liver that can be drained to
relieve jaundice, and the introduction of contrast into
[75]
more than 1 segment .
The success rate of PS insertion for HMBO is lower
than that of DMBO, although relief of symptoms with
improvement in quality of life can be achieved in nearly
[76]
all patients successfully treated .
The use of SEMSs for palliation of HMBO is associated
with a significantly longer stent patency (P = 0.009) and
longer patient survival (P = 0.025) when compared to
[63]
PSs .
In HMBO, SEMSs have been also demonstrated to
be more cost-effective and require less subsequent
[77]
interventions than PSs .
[78]
In systematic review (10 trials) by Hong et al ,
endoscopic placement of SEMSs was associated
with a significantly higher successful drainage rate,
lower early adverse event rate, longer stent patency
and longer patient survival than PS placement. The
unilateral biliary stenting group achieved a significantly
higher successful stent insertion rate compared with
the bilateral stenting group, whereas no difference was
observed between groups with respect to successful
drainage rate, early and late adverse events, stent
[78]
patency and patient survival .
In another recent meta-analysis (36 studies:
13 for bilateral SEMSs, 8 for unilateral SEMSs, 8 for
bilateral PSs and 7 for unilateral PSs) that compared
bilateral and unilateral stenting in HMBO, bilateral
metal stenting had a lower odds of overall adverse
events and an higher odds of lowering bilirubin levels
than unilateral metal stenting, but the 30-d mortality
[79]
was no different . When analyzing the use of PSs
separately, unilateral stenting was comparable to
bilateral stenting in terms of success, overall adverse
[79]
events, cholangitis, and 30-d mortality .
Various bilateral drainage techniques and newly
developed SEMSs are now available.
Bilateral BD with SEMS can be performed by using
one of two methods, the side-by-side (SBS) and stentin-stent (SIS) methods.
The technical success rate of both bilateral drainage
techniques range from 73.3% to 100%, with a
[80]
functional success rate between 75% and 100% .

in malignant biliary obstruction .
Biliary stenting is a proven technique for drainage
of patients with unresectable DMBO, but its role for
preoperative drainage in patients with resectable
disease who are favorable surgical candidates remains
a matter for debate.
A recent meta-analysis on the effect of preoperative
biliary stenting on patients with obstructive jaundice
suggest that the drainage should be applied selectively,
the drainage time should be > 4 wk and that the
[69]
SEMSs should be used for drainage .
[69]
Indeed Sun et al
compared patients who
underwent preoperative drainage to those who did
not have preoperative drainage and found overall
mortality, overall morbidity, infectious morbidity,
incidence of wound infection, intra-abdominal abscess,
pancreatic fistulas, bile leak, and delayed gastric
emptying were not significantly different. Compared
with the non-drainage group, the drainage group had
a drainage time of < 4 wk with an increased overall
morbidity by 7% to 23%, while the overall morbidity
of the drainage group with a drainage time > 4 wk was
[69]
not significantly different . Compared with the nondrainage group, the overall mortality of the drainage
group using SEMSs and PSs as drainage was reduced
by 0.5% to 6%, whereas that of the drainage group
[69]
using PSs was not significantly different .
The groups of patients who may benefit from
preoperative biliary stenting are those with resectable
disease in whom surgery is delayed (e.g., scheduling
reasons, further preoperative staging, with underlying
comorbidities that require optimization and even
improvement in nutritional status) and those with
locally advanced or borderline resectable disease
[70]
requiring neoadjuvant chemotherapy .
Metal stents are preferred in these patients because
their greater patency rates have shown a cost-benefit
[71]
advantage in comparison to PSs .
Hilar malignant biliary obstruction (HMBO) can be
caused by a group of heterogeneous tumors that in
clude cholangiocarcinoma, cancer involving the hepatic
confluence by direct extension from gallbladder, liver,
and metastatic diseases and is classified according to
[72]
Bismuth and Corlette into four types .
Type Ⅰ lesions is located below the confluence of
hepatic ducts, type Ⅱ lesions includes the confluence
but do not involve the left or right segmental hepatic
ducts, type Ⅲ lesions occlude the common hepatic
duct and either the right (Ⅲa) or left (Ⅲb) segmental
hepatic ducts and type Ⅳ lesions are multicentric or
involve the radicals on both sides.
This classification is helpful in determining and
planning endoscopic stent placement.
Both PSs and USEMSs are used for drainage and
palliation of HMBO as to not occlude drainage from the
contralateral biliary system.
In patients with type Ⅰ lesions jaundice can be
easily palliated using a single biliary stent, while
palliation of the other types of lesions, especially type
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In a recent quantitative review and meta-analysis of
the published data regarding the clinical efficacy of the
SBS and SIS techniques for achieving bilateral drainage
for HMBO, no significant differences with respect to
the rates of successful placement, successful drainage,
early and late adverse events, stent occlusion, stent
patency and patient survival were seen between the
[81]
two drainage techniques .
The need for preoperative BD of resectable HMBO
is still controversial.
In a meta-analysis of 11 studies evaluating the
benefit of preoperative BD in HMBO, routine per
formance of preoperative drainage was not shown
[82]
to be beneficial . In this meta-analysis comparing
[82]
preoperative BD to no preoperative BD, Liu et al , not
demonstrate a decrease in mortality or postoperative
hospital stay in patients undergoing preoperative
drainage and in addition there was an increase in
postoperative adverse event rates and infectious
morbidity in the preoperative drainage group.
However preoperative BD is strongly recommended
in selected patients such as those undergoing right
lobectomy for lesions type ⅢA or Ⅳ, preoperative
portal vein embolization with chemoradiation therapy,
biliary infection due to undrained biliary segments and
[83]
presence of severe pruritus .
Controversy remains regarding the use of ES
before the placement of biliary stents.
A meta-analysis of randomized controlled trials
that compared the clinical outcomes of patients who
underwent ES with those that did not undergo ES
before stent placement showed the incidence of postERCP pancreatitis was significantly lower with ES, the
incidence of bleeding was significantly higher in ES
group, with no significant difference in stent migration
[84]
and occlusion .
When transpapillary stent placement via ERCP
fails, owing to anatomical or technical problems such
as upper intestinal obstruction, surgically altered
anatomy, periampullary diverticulum, or periampullary
tumor infiltration, EUS-BD is a good option for biliary
[85]
decompression in patients with both distal and HMBO .
The mean technical and clinical success rates of
EUS-guided BD are 91% and 88% respectively, with a
mean overall complication rate of 26% and a mortality
[86]
of 0.4% . Three different EUS-BD approaches have
been described: transgastric [hepaticogastrostomy
(HPG)], transduodenal (choledochoduodenostomy)
[86]
stenting, and rendezvous technique . The rendezvous
approach is preferred by many endoscopists because it
avoids a permanent transluminal fistula which may lead
[86]
to adverse events .
[87]
Khashab et al , in a retrospective series, found no
differences between rendezvous and direct transluminal
approach in effectiveness and safety.
[88]
Artifon et al , in a recent randomized trial compared
the outcomes of HPG and choledoco-duodenostomy
(CLD) in patients with unresectable DMBO and suggested
that the choice of approach should be left to the
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endoscopist. They reported a technical success rate of
96% for HPG and 91% for CLD, a clinical success rate of
91% for HPG and 77% for CLD, with a mean procedural
[88]
time of 47.8 minutes for HPG and 48.8 min for CLD .
The adverse event rate was 20% for the HPG group and
[88]
12.5% for the CLD group .
Various types of stents, including PSs, USEMS, and
[89-92]
PC and FC-SEMS were used for the EUS-BD
.
No comparative studies exist, but there appears to
be a tendency to use covered SEMSs, instead of PSs.
Partially or FC-SEMSs appears to be a better option
for three reasons: firstly, upon full expansion SEMS
effectively seal the puncture/dilation tract, which
theoretically prevents leakage; secondly, their larger
diameter provides better long-term patency, which
would decrease the need for SEMS revisions; finally,
if dysfunction by tissue growth or clogging occurs,
management is somewhat less challenging than with
PSs, since a new stent can easily be inserted through
[93-96]
the occluded SEMS
.
However, migration can result in serious adverse
events that can still occur even with the use of a PC or
FCSEMS, especially early after the procedure. Proximal
or distal SEMS migration caused by a shortening of
the stent after deployment may lead to bile leakage
into the peritoneal cavity and lead to fatal adverse
[97-99]
events
.
To prevent and reduce this complication two new
types of hybrid (distal portion covered and proximal
portion uncovered) SEMSs with antimigration systems
were developed and preliminary outcomes showed no
[100-102]
migration and bile leakage
.
Recently, LAMSs were used for EUS-BD to prevent
[103-106]
migration and bile leakage
.

BENIGN PANCREATIC DISEASES
Benign pancreatic duct obstruction

Benign pancreatic duct obstruction (BPDO) may be the
end-result of several different inflammatory processes
with stricture formation, from severe acute pancreatitis
and ductal disruption, relapsing acute pancreatitis or
CP.
Endoscopic placement of PSs and covered SEMs
[107]
have been used .
In the case of CP, BPDO may be caused by strictures,
stones, or a combination of both.
Temporary placement of PS has become the
standard of care for the endoscopic treatment of MPD
strictures in CP. Different protocols have been used at
different centers.
PS can remain in place for fixed intervals or ex
[108]
changed only when symptoms recur .
The European Society of Gastrointestinal Endoscopy
(ESGE) guidelines recommend treatment of the
dominant MPD stricture in patients with CP by inserting
a single 10 Fr PS, with stent exchange planned within 1
year even in asymptomatic patients to prevent adverse
[109]
events related to longstanding PS occlusion .
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The placement of PSs in the MPD is technically
successful in greater than 90% of attempted cases
and is followed by immediate and long-term pain
relief in approximately 80% and 50% of patients,
[110]
respectively .
When endoscopic treatment with a single PS fails,
placement of multiple stents for 6-12 mo is another
option.
[111]
Costamagna et al
described placement of multiple
8.5-Fr to 11.5-Fr PSs in 19 patients previously treated
with one PS, of whom 84% remained asymptomatic
during a follow-up period of 3 years.
This multiple PSs approach is currently used in
several centers and might decrease the need for
repeated stent exchange. It is thought that pancreatic
juice is able to flow between the stents into the
duodenum even when occluded. This strategy might
be particularly useful not only in patients with MPD
strictures persisting after 12 mo of single PS but also
in patients with a pancreas divisum because this
anatomy is associated with more frequent stricture
relapse and pain after PS removal compared with a
[112]
fused pancreas .
When adequate stricture dilation with PSs is not
achieved, placement of FC-SEMS into the MPD for 2 to
[113-117]
3 mo is another potential option
.
However, in a recent systematic review no significant
difference between the two endoscopic treatment
[118]
methods was seen
. Indeed, the technical success
rate was 100% in both groups, the immediate clinical
success rate was 100% in FCSEMS and 94.7% in
multiple PSs, the migration rate was 8.2% for FCSEMS
and 10.5% for multiple PSs, the re-intervention rate
was 9.8% for FCSEMS and 15.8% for multiple PSs and
pain improvement rate was 85.2% for FCSEMS and
[118]
84.2% for multiple PSs .
Placement of one or more PS into the MPD is also
performed for temporary decompression in patients
with BPDO due to stones, before extracorporeal shock
wave lithotripsy or at the time of ERCP to allow for
passage of additional stone fragments and allow for
ductal decompression and prevention of pancreatitis
secondary to edema from the performance of pancreatic
[119]
sphincterotomy .
Recently temporary placement of a FCSEMS in
the MPD was also used for aiding extraction of large
[120]
pancreatic duct stones .
When transpapillary pancreatic duct stenting fails
or is not possible because of postsurgical anatomy,
EUS pancreatic duct drainage (PDD) is a good option
to treat the BPDO, due to stone or MPD stricture from
CP, but also due to post-surgical pancreaticojejunal or
[121]
pancreaticogastric anastomotic stenosis .
However EUS-PDD is a challenging procedure with
a technical success rate ranging between 58% and
100%, a clinical success rate ranging between 53%
[86]
and 100% and a mean adverse event rate of 20% .
Technical failures are related to difficulty in orienting

WJG|www.wjgnet.com

the echoendoscope along the axis of the MPD, inability
to dilate the transmural tract because of dense fibrosis,
and difficulty because of the acute angle at which the
[122]
MPD is accessed at EUS .
Only PSs are used for this purpose, however a high
rate of stent dysfunction, migration and duct leaks are
reported and numerous endoscopic re-interventions
[86]
are required .
Recently the use of a dedicated pancreatic duct
stent designed for EUS-PDD was reported, but the
single operator inclusion, small sample size (only 8
patients) and lack of a control group limit generalization
[123]
of results of this study
. However, the technical
success of 100%, clinical success of 100%, and only
one mild early adverse event (abdominal pain) and
no late adverse events during a mean follow-up of
7.4 mo suggest this new stent is effective and safe for
[123]
EUS-PDD .

Pancreatic leaks/fistulae

Pancreatic fistula is defined as leakage of pancreatic
[124]
fluid as a result of pancreatic duct disruption .
Ductal disruptions may be a result from acute and
CP, abdominal trauma, following abdominal surgery
[125]
and after pancreatic surgery .
Manifestations of pancreatic duct leakage include
PFCs, pancreatic ascites, high amylase pleural
effusions, and internal and external pancreatic fistulae.
Endoscopic treatment of pancreatic fistula is most
commonly performed using PSs placed through the
major or minor papilla. Stent placement promotes
duct healing by diverting the flow across the leak site
and traversing strictures and the pancreatic sphincter
into the duodenum. Endoscopic transpapillary drainage
is preferable for treatment of small communicating
PFCs (< 6 cm) without solid debris and for treatment
of pancreatic ascites, pleural effusion, and external
fistula when there is a ductal disruption and no PFC.
The success rate of endoscopic transpapillary drainage
alone for PFCs ranges from 48% to 100%, 55% to
100% for pancreatic ascites and pleural effusions and
[126]
55% to 100% for external fistula .
Ductal disruptions refractory to PSs placement can
be treated with placement of covered SEMS. Indeed
there have been case reports describing successful
healing of refractory pancreatic fistulas by placement
[127-129]
of both PC and FC-SEMS
.
When transpapillary stenting fails, especially in
cases of disconnected duct syndrome (a duct leak
with a complete transection of the MPD resulting in
an isolated segment of the proximal portion of the
pancreas) EUS-PDD is a good alternative endoscopic
[130]
approach .

Pancreas divisum

For patients with symptomatic pancreas divisum (acute
recurrent pancreatitis, CP, or chronic abdominal pain)
endoscopic therapy is a safe and effective option, with
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[148]

the best results seen in patients with acute recurrent
[131]
pancreatitis .
Dorsal duct stenting in patients with pancreas divisum
and CP decreased overall pain level, pain medication
usage, and the number of hospital admissions per year
with an improvement in nausea, vomiting and chronic
[132]
pain .
For dorsal duct stenting a 5 Fr, 7 Fr or 10 Fr PSs is
placed with or without minor papilla sphincterotomy
or with minor papilla balloon dilation, with a clinical
[133-138]
success rate of 54% and 90%
.
Although PSs placement may decrease the number
of episodes of pancreatitis, particularly for patients
with recurrent pancreatitis, it may result in ductal
damage that resembles CP and may be persistent in
[139]
some cases .
In patients with pancreas divisum and CP the
FCSEMS have been used for relief of abdominal pain
[140]
that persisted despite pancreatic PSs implantation .

post-ERCP pancreatitis .
Pancreatic stenting is recommended in patients
with difficult cannulation, including double-wire
cannulation, precut sphincterotomy, pancreatic (major
or minor) sphincterotomy, pancreatic endotherapy,
diagnostic or therapeutic ERCP for suspected or
confirmed sphincter of Oddi dysfunction, history of
PEP, balloon dilation of an intact biliary sphincter, and
[149]
endoscopic ampullectomy .

PFCs

Indications for PFCs drainage include development
of persistent symptoms thought to be related to
the presence of the collection or development of
a complications related to the collection such as
infection, bleeding, biliary, or gastric outlet obstruction.
For drainage of PFCs the decision of which endoscopic
approach to use is based on the anatomical relationship
of the PFC to the alimentary canal, the presence of
ductal system communication, and the size of the
collection.
Transpapillary stenting can be considered in case
of a PFC communication with the pancreatic ductal
system, located in the pancreatic head and is the
sole means of drainage if the PFC is smaller (< 6
cm), or if transmural stenting is not feasible owing to
distance (e.g., > 1 cm from the enteral lumen) or is
[150,151]
contraindicated (e.g., severe coagulopathy)
with
outcomes described above.
In cases of large PFCs with a visible bulge transmural
drainage should be the first approach, and both EUSguided and non-EUS-guided techniques are used.
However EUS-guided drainage of PFCs showed
superior technical and treatment success rates and
more favorable safety profiles than traditional non-EUS
approaches.
[152]
Varadarajulu et al
in 2008 published the first
RCT; 30 patients were randomized to undergo PFC
drainage by EUS (15) or non-EUS guided drainage (15)
over a 6-mo period. Of the 15 patients randomized
to EUS, drainage was not undertaken in one because
an alternative diagnosis was made. All 14 patients
randomized to EUS-guided technique underwent
successful drainage (100%), while the procedure was
technically successful in only 5 of 15 patients (33%)
randomized to non-EUS guided drainage group. All
10 patients who failed drainage by non-EUS guided
technique underwent successful PFC drainage on
crossover to EUS. Major procedure-related bleeding
was encountered in 2 patients in whom non-EUS
guided technique was performed.
[153]
Mangiavillano et al
, in a series of 21 patients,
showed as the technique of single-step EUS-guided
drainage was superior to the two-step EUS-guided
drainage for PFCs drainage.
[154]
Park et al
enrolled 60 consecutive patients with
PFCs, which were randomly divided into two groups
to undergo either EUS guided (31) or non-EUS guided

Prevention of post-ERCP pancreatitis

Pancreatic duct stenting has been increasingly used for
prevention of PEP. Pancreatic duct stents are thought to
reduce the incidence and severity of PEP by facilitating
ductal drainage, relieving ductal hypertension from
transient procedure-induced stenosis of the pancreatic
[141]
orifice or over-injection of contrast .
There are now several robust studies that confirm
the effectiveness of pancreatic duct stenting in
preventing PEP, especially in patients at high-risk for
[142-144]
PEP
.
The most recent meta-analysis, which included 14
randomized controlled trials involving 1541 patients
demonstrated that PS placement prevented post-ERCP
pancreatitis compared to no PS placement (7% vs
[145]
19%; P < 0.001) . Moreover this is the first metaanalysis with sufficient power to demonstrate that
pancreatic stenting is effective in preventing both mild
[145]
to moderate and severe PEP .
A recent study show that urgent placement or
replacement of pancreatic stents shortly after ERCP
attenuates the course of evolving PEP with a statistically
significant improvement in pain, amylase, lipase,
and resolution of systemic inflammatory response
[146]
syndrome .
Small caliber, short and softer 3 Fr or 5 Fr stents are
most commonly used due to their ease of placement
and higher rate of spontaneous migration compared to
[147]
longer stents .
A systematic review and network meta-analysis
suggest that stent diameter is more important for the
prevention of PEP than stent design and presence of
[148]
flanges .
In this study the use of 5 Fr stent was superior to
the 3 Fr stent for the prevention of PEP in high-risk
patients, and the 5 Fr single-pigtail, unflanged stent
[148]
and 5 Fr straight, flanged stent performed similarly .
Both performed better than the 3 Fr stent in preventing
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technique (29).
The rate of technically successful drainage was
significantly higher for the EUS group (94%) than
for the non-EUS guided technique group (72%) (P =
0.039) in intention-to-treat analysis. In cases where
non-EUS guided technique failed (8 cases) because the
PFCs were non-bulging, a crossover was made to EUS
guided technique, which was successfully performed
in all these patients. Adverse events occurred in 7% of
the EUS group and in 10% of the non-EUS group (P =
0.67). During follow-up, PFC resolution was achieved
in 97% in the EUS group and in 91% in the non-EUS
group (P = 0.565).
A meta-analysis confirmed the superior technical
and treatment success rates and more favorable
safety profiles of the EUS guided drainage of PFCs than
[155]
traditional non-EUS guided technique .
The mean technical and clinical success rates
reported for EUS guided drainage of PFCs were 97%
and 90% respectively, the mean overall adverse event
rate was 17% and the mean overall recurrence rate
[86]
was 8% . The main potential adverse events are
bleeding, superinfection, stent migration, perforation
[86]
and pneumoperitoneum .
Many aspects of EUS guided drainage of PFCs have
yet to be determined, such as optimal stent size and
number, stent type (plastic or metal), as well as stent
placement duration.
Evidence supports that keeping PSs in place
after PFCs resolution maintains the cystenterostomy
[156]
tract .
For PFCs which contain only fluid (e.g., pseudocysts)
the treatment success rates are very high, while for
PFCs in which at EUS the contents are not completely
anechoic and contain solid material consistent with
necrotic tissue, such as pancreatic abscesses or walledoff pancreatic necrosis, clinical resolution is much less
[157,158]
than with pseudocysts
.
Traditionally, double pigtail PSs were used for PFC
drainage. These stents provide highly secured drainage
preventing dislocation and migration.
However, because of their limited size of up to
only 10 Fr, these stents are prone to occlusion and
endoscopic access to the PFC cavity via the fistula is
limited.
[159]
Siddiqui et al , in a retrospective study, demon
strated that patients with PFCs containing viscous
solid debris-laden fluid, EUS guided drainage via a
nasocystic irrigation tube alongside transmural stents
resulted in a lower stent occlusion rate and better
short-term clinical outcomes compared to transmural
stents alone.
Therefore is has been suggested that placement
of larger or multiple PSs and a nasocystic drainage
catheter may facilitate resolution of PFCs, especially
those containing significant debris.
[160]
Varadarajulu et al
, showed that the necrotic
collections drained with two to three transmural tracts,
with multiple PSs in each track and a nasocystic
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irrigation tube, had a better outcomes compared with
necrotic collections treated by conventional drainage
techniques. Thus it appears that irrigation improves
drainage of the necrotic contents.
Unfortunately, during placement of multiple PSs
guidewire access may be lost, proximal migration
of the first stent into the collection may occur, and
additional procedural time is required.
Recently FCSEMSs, traditionally used for the
treatment of a biliary diseases, have been used for
[161-163]
drainage of PFCs
.
A FCSEMS can be an alternative to conventional
drainage with PSs because it offers the option of a
larger-diameter access fistula for drainage and may
increase the final success rate while it reduces the time
to PFC resolution. In addition, only one passage of the
guidewire is needed for placement.
In a systematic review of seventeen studies (881
patients) there was no difference in overall treatment
success between patients treated with PSs and
FCSEMSs (81% vs 82%) for both pseudocysts (85%
vs 83%) and walled-off necrosis (70% vs 78%), no
difference in adverse event rates (16% vs 23%) and
[164]
recurrence rates (10% vs 9%) .
Using biliary FCSEMs for PFCs drainage, partial
or full migration remains a potentially significant
problem. When these stents are used for PFCs, the
longer protrusion on both the gastrointestinal tract
and the cavity sides entails a risk of contact ulceration,
bleeding, and migration.
[165]
Lee et al
, in a recent prospective randomized
study compared multiple PSs (25 cases) with a new
designed FC-SEMSs (25 cases) for the drainage of
PFCs, showed that the median procedure time with
FC-SEMS was significantly shorter than with PSs (15
min vs 29.5 min; P < 0.01), the technical success rate
was 100% for both groups, the clinical success rate
was 80% for both groups, no adverse events occurred
in the FCSEMS group, while adverse events occurred in
2 patients in the PSs group (P = 0.16), one recurrence
was observed during follow-up in the FC-SEMS group
and none in the PSs group (P = 0.15).
More recently, new dedicated LAMSs for drainage
of PFCs, have been developed.
They have a large diameter, a saddle-shape design,
with bilateral flanges, and a short length between
flanges.
The flanges are designed to provide stent stability
with a lumen-to-lumen anchoring effect (to distribute
pressure evenly on the luminal wall and securely
anchor the stent), thereby reducing the risk of
migration and leakage alongside the stent and are fully
covered to prevent tissue ingrowth and to enable easy
[166]
removal .
Several studies have evaluated safety and efficacy
of LAMSs for EUS-GD drainage of PFCs and reported
technical success rates ranging between 89% and
100%, clinical success rates ranging between 77% and
100% and adverse event rates ranging between 9%
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[167-171]

and 25%
.
The large diameter of LAMSs enables direct
insertion of an endoscope through the lumen of the
[172,173]
stent for performing necrosectomy
.

7

MALIGNANT PANCREATIC DISEASES

8

Malignant pancreatic duct obstruction (MPDO) is
commonly seen in pancreatic cancer, particularly when
the tumor is located in the pancreatic head, and may
cause pancreatic duct dilation and “obstructive type”
[174]
pain .
Both PSs (5 Fr to 11.5 Fr in size) and SEMSs have
been used for decompression of the pancreatic duct in
MPDO, with technical success rates ranging between
81% and 100%, an improvement in pain in between
61% and 100% and an improvement in quality of life
[175-177]
in the majority of patients
.
When failure to achieve access to MPD during
ERCP occurs because of either failed cannulation or an
inaccessible papilla from altered anatomy or proximal
duodenal obstruction caused by tumour invasion,
[178]
MPDO can be treated also with EUS-PDD .

9

10

11

12

CONCLUSION
Advances in stent design have led to a substantial
increase in their use for a variety of benign and malignant
pancreticobiliary diseases.
Endoscopic stenting has largely replaced surgery
and interventional radiologic management of most
pancreaticobiliary diseases both malignant (palliation of
biliary strictures) and benign (treatment of strictures,
leaks and collections).
The advent of metal stents has revolutionized the
approach to these diseases, showing promising results
even for the treatment of benign disorders.
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Calcium glycerophosphate preserves transepithelial
integrity in the caco-2 model of intestinal transport
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AIM: To assess the direct effects of ischemia on
intestinal epithelial integrity. Furthermore, clinical
efforts at mitigating the effect of hypoperfusion on gut
permeability have focused on restoring gut vascular
function.
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METHODS: we report that, in the Caco-2 cell model
of transepithelial transport, calcium glycerophosphate
(CGP), an inhibitor of intestinal alkaline phosphatase
F3, has a significant effect to preserve transepithelial
electrical resistance (TEER) and to attenuate increases
in mannitol flux rates during hypoxia or cytokine
stimulation.
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RESULTS: The effect was observable even at concen
trations as low as 1 µmol/L. As celiac disease is also
marked by a loss of gut epithelial integrity, the effect
of CGP to attenuate the effect of the α-gliadin peptide
31-55 was also examined. In this instance, CGP exerted
little effect of preservation of TEER, but significantly
attenuated peptide induced increase in mannitol flux.
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CONCLUSION: it appears that CGP treatment might
synergize with other therapies to preserve gut epithelial
integrity.
Key words: Calcium glycerophosphate; Gliadin peptide;
Intestinal permeability; Intestinal ischemia; Cytokine

Correspondence to: Margaret T Weis, PhD, Associate Professor,
Department of Biomedical Sciences, School of Pharmacy, Texas
Tech University Health Sciences Center, 1300 Coulter, Amarillo,
TX 79106, United States. margaret.weis@ttuhsc.edu
Telephone: +1-806-4149215
Fax: +1-806-3564653

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

Core tip: This article presents a novel role for calcium
glycerophosphate in preserving the gut epithelial
integrity during hypoxia and in the presence of cytokines.
Calcium glycerophosphate showed a significant time and
concentration dependent effect to attenuate increased
gut permeability caused by hypoxia, cytokine stimulation
and α-gliadin peptide 31-55. The effect was observable
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even at concentrations as low as 1 µmol/L. A better
understanding of this phenomenon would help in
devising new preventive and therapeutic regimens.

Previous studies have shown that the P31-55 cleavage
product of α-gliadin increased Caco2 transepithelial
permeability, although the cells remained intact and
further hydrolytic processing of the peptide was
[19]
observed . Therefore the effect of CGP was investigated
in the presence of these peptides, in anticipation that
CGP would return the permeability toward normal.

Datta p, Weis mt. Calcium glycerophosphate preserves
transepithelial integrity in the caco-2 model of intestinal transport.
World J Gastroenterol 2015; 21(30): 9055-9066 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i30/9055.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i30.9055

MATERIALS AND METHODS
All experiments were conducted on Caco-2 cells,
a line of cells derived from a colorectal carcinoma,
and obtained from American Type Culture Collection
(Rockville MD). Upon prolonged culture, these
cells express the characteristics of small intestinal
[20]
enterocytes . They are widely used as a model of
transepithelial transport in the small intestine, and
[19,21,22]
are considered a model for celiac disease
. Cells
were grown on a transwell inserts (6-well, 12-well or
24-well, 0.4 micron pore size, PET Polyester, Corning) a
permeable barrier system, in minimal essential media
(MEM) supplemented with 20% fetal calf serum. The
media volumes in the apical and basolateral chambers
were 1.5 ml and 1 ml (6-well plates), 0.5 ml and 1
ml (12-well plates), and 0.1 ml and 0.5 ml (24-well
plates), respectively.

INTRODUCTION
Ischemia/reperfusion (I/R) injury is a broad area
of medical significance. Stroke and coronary artery
disease (CAD) are the most obvious examples of I/R
injury. However, the fundamental problem is much
broader, and includes gut ischemia consequent to
splanchnic hypoperfusion. Chronic gut ischemia is
not so dramatic as stroke or CAD, but may be more
insidious. Splanchnic hypoperfusion is a consequence of
[1,2]
endurance sports activity , and a significant element
[3,4]
in the pathophysiology of congestive heart failure ,
[5]
[6]
[7]
shock , cardiac surgery
and hemodialysis .
Although the ultimate causes of hypoperfusion are
different in each of these clinical situations, they share
similar clinical consequences.
During simulated gut ischemia, there is extensive
[8]
neutrophil recruitment to the post-capillary venule , a
process that is dependent, at least in part, on long-chain
[9]
fatty acyl CoA synthetase , likely acting by inhibiting cell
[10,11]
adhesion protein palmitoylation
. The subsequent
immune system activation increases synthesis of an
array of cytokines, including tumor necrosis factor
(TNF)α, interleukin (IL)β and interferon (IFN)γ. While
these have been studied extensively in various
[12,13]
pathologies involving splanchnic hypoperfusion
,
few studies have focused on assessment of the direct
effects of either hypoxia or cytokine liberation on
[14,15]
intestinal epithelial integrity
. Furthermore, clinical
efforts at mitigating the effect of hypoperfusion on gut
permeability have focused on restoring gut vascular
function.
Gut epithelial integrity is dependent, at least in part,
[16]
on sphingosine-1-phosphate (S1P) generation . Earlier
studies revealed that calcium glycerophosphate (CGP)
[17]
is an inhibitor of intestinal F3 alkaline phosphatase .
As alkaline phosphatase catalyzes the conversion of S1P
[18]
to sphingosine and inorganic phosphate , here we
test the hypothesis that by inhibiting intestinal alkaline
phosphatase, CGP might raise the S1P concentrations,
thus helping to preserve intestinal integrity during
ischemic insult.
Loss of intestinal epithelial integrity is caused by
gluten peptides in genetically susceptible patients
(celiac disease). Pancreatic proteases cleave α-gliadin to
peptides that may be the direct cause of enteropathy.
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Calcium glycerophosphate

CGP was purchased from Astha Laboratories Pvt Ltd,
India. It was dissolved in 0.1% citric acid solution,
filtered, and diluted in media to the desired concen
trations. No change in pH was observed on addition of
citric acid.

Measurement of transepithelial electrical resistance

The tightness of the tight junctions in a transporting
epithelium was evaluated by measuring the transepithelial
electrical resistance (TEER). TEER measures the
movement of ions across the cell (transcellular) and
between cells (paracellular). In a very tight monolayer,
transport is nearly all transcellular, hence the electrical
resistance is high; the electrical resistance across the
membrane was measured using the EVOM2 epithelial
voltohmmeter (World Precision Instruments, Sarasota
FL, United States). At 3 to 4 wk in culture, TEER was
2
in the range of 600-700 Ωcm . The resistance was
measured by placing the electrodes directly in the
transwell inserts with media present. Time 0 h indicates
that TEER was measured immediately after the addition
of various CGP concentrations. Subsequent TEER
measurements were taken at various times, up to 24 h.
Rates were calculated by taking the slope of the linear
portion of the TEER or mannitol flux vs time curve (0
to 4 h). The time 0 TEER was measured for each well
(baseline). Subsequent TEER measurements for that
well were expressed as a percentage of the baseline
measurement.
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to confluence on transwells, 0.4 micron pore size.
Experiments in hypoxic conditions were conducted in
a hypoxia chamber (Coy Laboratory Products, Grass
[23]
Lake MI, United States), as detailed elsewhere .
Briefly, confluent cultures were placed in the chamber
under a 95% N2/5% CO2 atmosphere and fed with
serum and glucose free MEM, and bubbled with 95%
N2/5% CO2. Under these conditions, the pO2 in the
media is below 25 mmHg (6%). Normoxic conditions
were the standard CO2 incubator and media containing
glucose.

Cont
Vehicle
1 mmol/L

600

100 mmol/L
10 mmol/L

400

1 mmol/L
200

14

C mannitol in basolateral (dpm)

800

0
0

6

12

18

24

Cytokines

t /h

The effect of exogenous cytokines was measured for
each parameter, in the presence and absence of CGP
(taken as control in the experiment). Both hypoxia/
ischemia and celiac disease are characterized by cytokine
[5]
release, which increase monolayer permeability .
Cells were challenged with TNFα, ILβ and IFNγ (final
concentrations: 10 ng/ml; 1 ng/ml; 100 ng/ml,
respectively), then TEER, mannitol flux, E-Cadherin
expression, and concentrations of S1P were measured.

Figure 1 Baseline mannitol flux. Mannitol flux was not influenced by calcium
glycerophosphate at any concentration tested, as determined by 2-way analysis
of variance. Data represent the mean of three independent experiments.

Mannitol flux

Measuring mannitol flux complemented the TEER
results. Cells were seeded into 6 well plates, and
14
[ C] labeled mannitol (10 µmol/L) was added to the
apical media; 10 µl samples were removed from
the basolateral media at intervals throughout the
experiment. The rate of mannitol flux was determined
by calculating the slope of dpm in the basolateral
chamber as a function of time.

Gliadin peptides

The effect of α-gliadin 31-55 peptide was measured
for each parameter. α-Gliadin is the offending protein
initiating the symptoms of celiac disease in susceptible
patients. Gastric and pancreatic proteases cleave
α-gliadin to peptides, which are likely the direct cause
[19]
of the enteropathy. The literature
suggests that the
peptide comprised of α-gliadin amino acids 31-55 is a
likely candidate. The peptide (Thermo Scientific, Custom
synthesis) was added to the media at 100 µg/ml.

E-cadherin expression

E-cadherin is the principle protein of tight junctions.
The levels of E-cadherin were measured in cells
by western blot analysis (primary antibody from
BD biosciences). The cells were collected from the
transwell inserts after the treatments and were
lysed in the cell lysis buffer. The proteins were then
separated according to the molecular weight through
gel electrophoresis. Proteins were transferred to
a membrane and incubated with E-Cad antibody
and developed later with secondary antibody. The
expression was compared to the control that had no
treatment and no significant change in the expression
was observed.

Biostatistics analysis

Data were analyzed by two-way analysis of variance
followed by Dunnett’s or Tukey’s multiple comparison
tests, as appropriate. This analysis was done using the
GraphPad Prism 6 software.

RESULTS
Effect of CGP under basal conditions

Sphingosine-1-phosphate

Dpm mannitol movement from the apical to the
basolateral fluid under baseline conditions was graphed
as a function of time (Figure 1). The slopes of these
lines (mannitol flux) are presented in Table 1. CGP had
no effect on baseline apical to basolateral mannitol flux.
Since there was no significant difference among the
treatment groups, a pooled rate of baseline mannitol
flux was calculated for the first 4 h, and was 20 ± 1
dpm/h.
The effect of CGP on baseline TEER is shown in
Figure 2. The slope of TEER as a function of time was
calculated, and is presented in Table 1. Vehicle used
here is citric acid solution (as CGP was dissolved in it)
caused a small but statistically significant loss of TEER
over time, an effect that was reversed by addition of

Calcium glycerophosphate has activity as a pho
sphatase inhibitor, inviting our hypothesis that CGP
elevates S1P concentrations by inhibiting depho
sphorylation. S1P concentrations were measured in
Caco-2 cells using a commercially available ELISA kit
(Echelon Catalog # K-1900).
Baseline values of mannitol flux and TEER were
obtained in unstimulated cells, in the absence and
presence of increasing concentrations of CGP.

Hypoxia

The effect of hypoxia was measured for TEER and
mannitol flux, in the presence and absence of CGP
(taken as control in the experiment). Cells were grown
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100

Table 1 Baseline changes in trans epithelial electrical
resistance and mannitol flux from time 0 to 4 h
Treatment
Control
Vehicle
1 mmol/L CGP
100 µmol/L CGP
10 µmol/L CGP
1 µmol/L CGP

1 mmol/L

10 mmol/L

100 mmol/L

1 mmol/L

Vehicle

Control

90

a

S1P (mmol/L)

CGP

28 ± 4
19 ± 4
31 ± 4
19 ± 3
21 ± 5
31 ± 6

0.2

0.1

0.0
Control

110

1 mmol/L

100 mmol/L

10 mmol/L

1 mmol/L

CGP concentration

Figure 3 Effect of calcium glycerophospate on sphingosine 1 phosphate.
Calcium glycerophospate (CGP) had no significant effect on sphingosine
1 phosphate (S1P) concentrations. The mean results of 3 independent
experiments are shown; data were analyzed by one-way analysis of variance
followed by Dunnett’s test for multiple comparisons.

a

met. During hypoxia, intestinal epithelial permeability
[14]
is increased . We hypothesized that the permeability
might be alleviated by CGP treatment. The hypothesis
was tested by placing Caco-2 cells in a hypoxia
chamber, as described in METHODS, and measuring
both apical to basolateral mannitol flux and TEER.
CGP significantly reduced the effect of hypoxia
on apical to basolateral mannitol flux. The effect was
both concentration and time dependent, and had
disappeared by 5 h in all treatment groups (Figure
4). At 5 h, the mean apical to basolateral mannitol
flux for all groups was 1380 ± 6 dpm (range 1358 to
1395 dpm). The rate of mannitol flux (dpm/h) was
calculated for the first three hours of hypoxia, and
results are shown in Table 2. CGP treatment reduced
the rate of mannitol flux at all concentrations tested.
Figure 5 shows the effect of CGP on TEER during
2
hypoxia. Baseline TEER values were > 600 Ωcm for
all groups. As there is some variability in baseline
TEER, all data have been expressed as a % of baseline

1 mmol/L

10 mmol/L

100 mmol/L

1 mmol/L

90

Vehicle

100

Control

TEER % of baseline

C

dpm per hour

0.69 ± 0.11a
-0.24 ± 0.32c
0.80 ± 0.14a
0.28 ± 0.13
-.09 ± 0.37
0.48 ± 0.23c

0.3

1 mmol/L

10 mmol/L

100 mmol/L

1 mmol/L

90

a

a

Vehicle

TEER % of baseline

100

Control

110

Rate of mannitol flux

% per hour

Trans epithelial electrical resistance (TEER) was significantly lower in
vehicle (0.1% citric acid) treated cells, an effect that was reversed by
calcium glycerophosphate (CGP) in a concentration dependent fashion. aP
< 0.05 vs vehicle; cP < 0.05 vs control. Rate of TEER and mannitol flux were
calculated by taking the slope of the linear portion of the TEER or mannitol
flux vs time curve (0 to 4 h). dpm represents disintegrations per unit time.
Each value represents the results of three independent experiments. Data
is expressed as mean ± SE.

CGP

B

Rate of TEER change

CGP

Figure 2 Trans epithelial electric resistance. The vehicle (0.1% citric acid)
reduced trans epithelial electric resistance (TEER) slightly, but significantly (aP
< 0.05 vs control) at A: two and B: four hours. In the presence of 10 µmol/L to 1
mmol/L calcium glycerophosphate, TEER was not different from control at any
time point. Data were analyzed by two-way analysis of variance followed by
Dunnett’s multiple comparison tests; C: 24 h.

CGP, in a concentration dependent fashion.
CGP had no effect on 24 h sphingosine 1-phosphate
protein concentrations, as shown in Figure 3.

Effect of CGP during hypoxia

Hypoxia/ischemia is a state of diminished oxygen and
nutrient supply such that cellular demands are not
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0
Control

1 mmol/L 100 mmol/L 10 mmol/L 1 mmol/L
CGP

Figure 4 Effect of hypoxia on mannitol flux. Mannitol flux during hypoxia increased significantly for all groups. Calcium glycerophospate attenuated the rate of
mannitol flux in a concentration dependent fashion. A: 1 h; B: 2 h; C: 3 h; D: 4 h; E: 5 h. aP < 0.05, vs control.

TEER. After 1-h hypoxia, TEER in control cells was
significantly decreased, and continued to drop for the
duration of the experiment. CGP preserved TEER in a
concentration and time dependent manner such that
by 5 h there was no longer a discernable effect. The
rate of decrease in TEER during the first three hours of
hypoxia is shown in Table 2. The CGP treatment had a
significant effect in reducing the rate of TEER loss at all
concentrations tested.

Table 2 Effect of hypoxia on the rate of trans epithelial
electrical resistance loss and mannitol flux during the first
three hours of hypoxia
Treatment (hypoxia)
Control
1 mmol/L CGP
100 µmol/L CGP
10 µmol/L CGP
1 µmol/L CGP

Rate of TEER loss

Rate of mannitol flux

% per hour

dpm per hour

19.4 ± 1.31
6.79 ± 1.12b
9.67 ± 1.42b
10.61 ± 1.86b
12.2 ± 1.56b

162 ± 27
19 ± 4b
39 ± 3b
35 ± 3b
49 ± 7b

Effect of CGP during cytokine stimulation

In vivo, I/R injury is mediated, at least in part, by
[12]
neutrophil recruitment , with subsequent release
[24]
of pro-inflammatory cytokines
such as TNFα, ILβ
and IFNγ. This inflammatory response was mimicked

Calcium Glycerophosphate (CGP) treatment reduced both parameters
in a dose-dependent fashion. bP < 0.001 vs hypoxia alone. Each value
represents the results of three independent experiments. dpm represents
disintegrations per unit time. Data is expressed as mean ± SE.

WJG|www.wjgnet.com

9059

August 14, 2015|Volume 21|Issue 30|

100

50

a

a

a

a

B

100

TEER (% of Baseline)

A
TEER (% of Baseline)

Datta P et al . Calcium glycerophosphate in Caco2 transepithelial transport

50

0

a

a

1 mmol/L 100 mmol/L 10 mmol/L 1 mmol/L

Control

1 mmol/L 100 mmol/L 10 mmol/L 1 mmol/L

CGP
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a
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CGP
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a

a
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a
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C

a

1 mmol/L 100 mmol/L 10 mmol/L 1 mmol/L
CGP

0
Control

1 mmol/L 100 mmol/L 10 mmol/L 1 mmol/L
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Figure 5 Effect on trans epithelial electric resistance during hypoxia. Trans epithelial electric resistance (TEER) decreased significantly during hypoxia for all
groups. However, calcium glycerophosphate (CGP) attenuated the rate of decrease in a concentration dependent manner. Each concentration represents data from
three independent experiments. Data were analyzed by two-way analysis of variance, followed by Tukey’s multiple comparisons test. A: 1 h; B: 2 h; C: 3 h; D: 4 h; E: 5
h. aP < 0.05, vs control.

by adding a mixture of these cytokines to the culture
media as described in Methods. As shown in Figure 6,
cytokine alone increased mannitol flux. CGP decreased
cytokine stimulated mannitol flux in a time and
concentration dependent manner. The rate of mannitol
flux (dpm/h) was calculated for the first 4 h of cytokine
exposure, and is presented in Table 3.
The onset of the effect of cytomix on TEER is slower
than for mannitol flux. For the sake of clarity, Figure
7 shows only the 8 and 10 h results. Because there is
considerable variability in the absolute TEER at baseline
(0 h), values are expressed as a % of baseline. Cytomix
does not begin to reduce TEER until 8 h exposure (upper
panel). At 10 h, TEER in all CGP treated groups except

WJG|www.wjgnet.com

1 µmol/L was significantly greater than cytomix alone
and not different from control (lower panel). By 24 h, all
CGP effect is lost (data not shown). The rates of TEER
decline are presented in Table 3.
The effect of CGP on S1P concentrations in the
presence of cytomix is shown in Figure 8. Contrary to
expectations, cytomix alone failed to decrease S1P.
However, in the presence of cytomix, CGP significantly
increased S1P concentrations, an effect that was
particularly noted at 4 h. These data suggest that
perhaps the effect of CGP on cytomix induced mannitol
permeability is mediated by S1P. However, the data
are insufficient to make any definitive conclusions
regarding this mechanism.
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CGP

Figure 6 Effect of cytokines on mannitol flux in the presence of calcium glycerophosphate. Cytokine treatment stimulated transepithelial mannitol flux, an
effect that was attenuated by calcium glycerophosphate (CGP) in a concentration dependent fashion. Each treatment represents the mean of three independent
experiments. Data were analyzed by two-way analysis of variance, followed by Tukey’s test for multiple comparisons. aP < 0.05 vs control; cP < 0.05 vs cytokine alone.
A: 2 h; B: 4 h; C: 6 h; D: 8 h; E: 24 h.

Transepithelial permeability, α -gliadin, and CGP

experiments are shown in Figure 9. At 1 h, there were
no differences among the experimental groups. At 2 h,
mannitol flux was significantly elevated in the peptidecytomix treated cells as compared to control. When 1
mmol/L CGP was included with the peptide-cytomix,
the mannitol flux at 2 h was not significantly different
from control. At 4 h, mannitol flux in both the peptide
and peptide + cytomix groups was significantly
greater than control. CGP (1 mmol/L) significantly

Although celiac disease is not caused by gut ischemia,
[25]
α-gliadin stimulates cytokine release . The α-gliadin
peptide fragment 31-55 is the offending peptide
initiating the inflammatory symptoms of celiac disease
[19]
in susceptible patients . The effect of the peptide
fragment on mannitol flux and TEER were measured
in the presence and absence of cytokine mix so as
to mimic that inflammation. The results of these
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CGP

B
TEER (% of Baseline)

Calcium glycerophosphate (CGP) treatment reduced both parameters
in a dose-dependent fashion. bP < 0.001, vs cytokine alone. Each value
represents the results of three independent experiments. dpm represents
disintegrations per unit time. Data is expressed as mean ± SE.

reduced both the peptide-induced and peptide +
cytomix induced increases in mannitol flux. The rate of
mannitol flux for each experimental group is shown in
Table 4.
The effect of CGP on α-gliadin peptide induced
reduction in TEER is shown in figure 10. In contrast
to the mannitol experiments, these data indicate
that there is only a very small effect of CGP on
TEER. Notably, though, the rate of TEER loss in the
peptide+cytomix group was 0.0272% ± 0.00497%
per hour. In the presence of 1 mmol/L CGP, this rate
was significantly less, 0.0120% ± 0.00327% per hour
(p = 0.019). At the end of the TEER experiments,
the protein was assayed for E-cadherin, a major tight
junction protein. Contrary to expectations, E-cadherin
was 75.7% ± 8.6% of control (p = 0.0479) in the
peptide+cytokine treated cells (data not shown).
However, in the peptide+cytokine+CGP treated cells,
E-cadherin levels were 101% ± 2.9% of control (p =
0.048 vs peptide+cytokine alone).
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To our knowledge, prior studies of gut ischemia/
reperfusion injury have focused on whole-animal or
intact tissue studies. The present study demonstrates
the direct effect of hypoxia/ischemia and cytokine
stimulation on a model of intestinal epithelial
transport, in the absence of the underlying muscularis
and without the complicating factor of blood flow.
Furthermore, the study shows that a pharmacologic
agent, calcium glycerophosphate, applied directly to
Caco-2 cells, attenuates the I/R induced increase in
transepithelial permeability.
Under baseline conditions, CGP has, at most, only a
small effect on transepithelial permeability. Furthermore,
under baseline conditions, CGP does not appear to have
any significant effect on S1P concentrations. In contrast,
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100
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A

Table 3 Rate of trans epithelial electrical resistance loss and
mannitol flux during the first four hours (mannitol flux) or
10 h (trans epithelial electrical resistance) following cytokine
stimulation

Figure 7 Effect of calcium glycerophosphate on trans epithelial electric
resistance during cytomix treatment. Data were analyzed by two way
analysis of variance, followed by Tukey’s test for multiple comparisions. Each
treatment represents the mean of three independent experiments. aP < 0.05 vs
control; cP < 0.05 vs cytomix alone. A: 8 h; B: 10 h; C: Representative graph.
CGP: Calcium glycerophosphate; TEER: Trans epithelial electric resistance.

CGP has a significant time and concentration dependent
effect to attenuate increased gut permeability caused
by hypoxia, cytokine stimulation, and α-gliadin peptide
31-55.
It was somewhat surprising that the cytokine effect
on mannitol flux was observed at an early time point,
suggesting that the cytokine effect on mannitol flux
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may not require new protein synthesis. Rather, the
time course over which CGP increases S1P in cytokinestimulated cells suggests that the effect of CGP on
mannitol flux may be linked to the increased S1P
levels. However, the present data are insufficient to
permit any firm conclusions.
Gut hypoperfusion is a ubiquitous complication of
[3,6]
CHF , and contributes to poor nutritional status and
[26]
CHF-induced cachexia . In 2010, there were more
than 1000000 hospital discharges for CHF, up from
about 400000 in 1980, and the number continues
to rise. The incidence of CHF is about 1% of the
population over 65, with a 5 year survival rate of about
50%. The most recent estimate of CHF prevalence
is more than 5.1 million persons, a number that is
expected to rise to more than 8 million by 2030. In
2010, heart failure was the direct or contributing
[27]
cause of about 280000 deaths in the United States .
To date, treatment of CHF associated gut ischemia
has focused on improving the gut perfusion rate,
itself dependent entirely on improved overall cardiac
[28]
performance . We have been unable to find evidence
of therapies aimed directly at improving gut epithelial
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represents the mean of three independent experiments. Data were
analyzed by two way analysis of variance, followed by Tukey’s test for
multiple comparisons. aP <0.05, vs control. A: 2 h; B: 4 h. CGP: Calcium
glycerophosphate; TEER: Trans epithelial electric resistance.
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Figure 9 Effect of 1 mmol/L calcium glycerophosphate on α-gliadin
peptide fragment 31-55 induced mannitol flux. Each treatment represents
the mean of three independent experiments. A: 1 h; B: 2 h; C: 4 h. CGP:
Calcium glycerophosphate.

integrity. One could reasonably anticipate that modest
improvements in cardiac performance (about all
that can currently be achieved) would synergize
with improved gut integrity, leading to an overall
improvement in the status of the CHF patient.
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Control
Peptide
Peptide + 1 mmol/L CGP
Peptide + Cytomix
Peptide + CGP + Cytomix

Mannitol flux (dpm/h)

% of control

21 ± 1
36 ± 1b
28 ± 1b
39 ± 3b
32 ± 1b

100%
171%
133%
186%
152%

TEER % of Baseline

Treatment

Control
Peptide
Peptide + 1 mmol/L CGP
Peptide + Cytomix
Peptide + 1 mmol/L CGP + Cytomix

1.1

Table 4 Effect of calcium glycerophosphate on α-gliadin
peptide 31-55 induced mannitol flux

1.0

0.9

b

P < 0.01 vs control; each value represents the mean of 3 independent
experiments. dpm represents disintegrations per unit time. Data is
expressed as mean ± SE.

0.8
0
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3

4

t /h

Aside from CHF, gut ischemia has been identified
as a complication of endurance exercise. In the United
States, nearly 10 million persons run or jog 110 or
more days per year and an additional 3.3 million
ride a bicycle 110 or more days per year. A study
of long-distance runners and cyclists found that the
prevalence of exercise related lower GI symptoms
[1]
was 71% for runners and 64% for cyclists . The
same study revealed that 5% of runners and 6%
of cyclists experienced symptoms severe enough to
require medication. These symptoms have been linked
[2]
to splanchnic hypoperfusion and are exacerbated
by concomitant administration of non-steroidal anti[29]
inflammatory drugs such as ibuprofen . More
recently, it has been suggested that ingestion of
L-citrulline might be useful in mitigating the symptoms
of exercise induced gut ischemia, most likely by
increasing the availability of arginine to vascular
[30]
endothelial nitric oxide synthase . Like CHF, the
proposed treatment rests on improving gut blood
flow rather than by directly improving gut epithelial
integrity.
Celiac disease is an autoimmune disorder of small
intestine characterized by adaptive and innate immune
response to gluten present in wheat and barley
in genetically susceptible individuals. The enzyme
transglutaminase 2 (TG2) modifies the gliadin protein,
which results in an inflammatory response. TG2
inhibitors have therefore been suggested as identified
drugs for this disease. However it is a debilitating
condition, with limited treatment options. These
include corticosteroids and monoclonal antibodies
aimed at specific mediators of inflammation as well
as severely restricted diets. The corticosteroids have
significant and potentially damaging side effects, as do
the monoclonal antibodies. The latter have the further
disadvantage of requiring parenteral administration.
Dietary therapies have limited efficacy, where the
ubiquitous presence of hidden gluten makes its
effective elimination nearly impossible. Our study
revealed that use of CGP in the in-vitro cells lowered
the mannitol flux increased by the presence of cytomix
and peptides. These factors may make it worthwhile to
pursue CGP as an adjunct to celiac dietary therapy, as
CGP might limit the negative impact of hidden dietary
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Figure 10 Effect of 1 mmol/L calcium glycerophosphate on α-gliadin
peptide induced reduction in trans epithelial electric resistance. CGP:
Calcium glycerophosphate; TEER: Transepithelial electrical resistance.

gluten.
Calcium glycerophosphate has been used as a
dietary supplement to neutralize excess gastric acid
and as a palliative in interstitial cystitis, prostatitis and
[31]
overactive bladder , and is sold under the brand
name Prelief by AK Pharma Company. Each tablet
contains 345 mg calcium glycerophosphate (65 mg
of elemental calcium). Two tablets are recommended
per day. The exact mechanism of action is unclear, but
Duboqa and Di Trolio have reported that CGP (Prelief)
significantly reduced urinary NMP-22, a marker
associated with urothelial cell death, interstitial cystitis
and bladder cancer (Multinational Interstitial Cystitis
Association, Proceeding 2003).
This study adds value to its benefits, as it is found
to attenuate the effect of hypoxia and cytokine induced
increase in epithelial permeability. Our results suggest
that it may act by increasing the concentration of
S1P, although alternative mechanisms are possible.
Additional research on its mechanism of action is
required to further strengthen our hypothesis. So far
there have not been any data reflecting this aspect of
this action of calcium glycerophosphate.
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Abstract

Institutional review board statement: The study was reviewed
and approved by Japan Tobacco Biological/Pharmacological
Research Institutional Review Board.

AIM: To investigate the histological features of the
liver in spontaneously diabetic Torii (SDT) fatty rats
compared with age-matched Sprague-Dawley (SD)
rats.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of Japan Tobacco
Biological/Pharmacological Research Laboratories (IACUC
protocol number: 00745).

METHODS: Female SDT Lepr fa (SDT fatty) rats and
age-matched SD rats were fed ad libitum . Body weight
and biochemical parameters, such as serum glucose,
triglyceride (TG), total cholesterol (TC), alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) levels as well as fatty acid and TG accumulation
in the liver were evaluated at 8 wk of age in the nonfasting state and at 8-wk intervals from 8 to 40 wk of
age. Histopathological examinations of the liver were
performed using hematoxylin and eosin and Sirius
Red staining as well as double staining for ED-1 and
toluidine blue. The expression of genes involved in TG
synthesis, inflammation, and fibrosis was examined in
the liver.

Conflict-of-interest statement: We declare no conflicts of
interest regarding this study.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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[2]

RESULTS: SDT fatty rats showed significantly increased
body weight compared with SD rats. Serum glucose,
TG, and TC levels were significantly higher in SDT fatty
rats compared with SD rats. The serum AST and ALT
levels in SDT fatty rats were significantly elevated at 8
wk of age compared with the levels in SD rats. Hepatic
TG content was marked in SDT fatty rats from 8 to 32
wk of age. Histopathologically, severe hepatosteatosis
accompanied by inflammation was observed at 8
wk of age, and fibrosis started to occur at 32 wk of
age. Furthermore, Sirius Red and ED-1 staining were
increased in the liver at 32 wk of age. Hepatic gene
expression related to TG synthesis, inflammation and
fibrosis tended to increase in SDT fatty rats compared
with SD rats, and the gene expression related to TG
secretion was decreased in SDT fatty rats compared
with SD rats.

and cirrhosis . In Western countries, 4%-22% of
[3-6]
NAFLD cases lead to hepatocellular carcinoma . The
pathogenesis of NASH remains poorly defined, and
effective pharmacological therapies for NASH have not
been approved.
To understand the complicated features of NAFLD/
NASH, animal models offer a source of important
information. It has been reported that ob/ob mice,
y
db/db mice, and KK-A mice, as NAFLD animal models,
exhibit spontaneous hepatic steatosis based on insulin
resistance and obesity, but these mice do not progress
[7-9]
to liver fibrosis when fed a normal diet . In contrast,
methionine and choline-deficient (MCD) diet-induced
NASH is accompanied by hepatic inflammation and
[10,11]
fibrosis in ob/ob mice and db/db mice
.
fa
Spontaneously diabetic Torii Lepr (SDT fatty)
rats, which are generated by introducing the fa allele
of the Zucker fatty rat into the SDT rat genome,
represent a new model of obese type 2 diabetes. SDT
fatty rats exhibit hyperphagia that leads to obesity
associated with hyperglycemia, hyperinsulinemia, and
hyperlipidemia at a young age compared with SDT
[12,13]
rats
. Compared with SDT rats, this early onset of
diabetes in SDT fatty rats is considered to be caused
by obesity resulting from hyperphagia. Furthermore,
female SDT rats also exhibit hyperglycemia at the
[14,15]
same young age as male SDT fatty rats
.
SDT fatty rats have been used to investigate the
effects of a high-fat diet in a previous study. In this
prior study, the rats fed a high-fat diet had improved
hyperglycemia and increased serum glucagon-like
[16]
peptide-1 (GLP-1) levels after refeeding . Moreover,
histopathological observations showed improvement
in the fatty liver and pancreatic abnormalities. This
previous report showed beneficial effects on diabetes
in SDT fatty rats fed a high-fat diet.
With regard to the metabolic responses to a highfat diet in Sprague-Dawley (SD) rats, steatohepatitis
associated with hepatic fatty changes, inflammation,
[17]
and mitochondrial lesions has been confirmed .
C57BL6 mice fed a high-fat diet also develop steato
[18]
hepatitis . However, the degree of hepatic fibrosis
is less severe in animals fed a high-fat diet compared
with choline-deficient diet models.
In the present study, we investigated the histological
features of the liver in SDT fatty rats without mani
pulating the diet in comparison with age-matched SD
rats. In addition to the pathophysiology, the biochemical
parameters, hepatic lipid content, and expression of
genes were examined.

CONCLUSION: Female SDT fatty rats have the potential
to become an important animal model of nonalcoholic
steatohepatitis with type 2 diabetes and obesity.
Key words: Nonalcoholic steatohepatitis; Spontaneously
diabetic Torii fatty rat; Fibrosis; Fatty liver; Metabolic
syndrome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic steatohepatitis (NASH) is
recognized as a major risk for progression to cirrhosis
and liver failure or to hepatocellular carcinoma. In this
study, we investigated the histological features of the
liver in female spontaneously diabetic Torii (SDT) fatty
rats. The SDT fatty rats exhibited pathophysiological
features of NASH, and fibrosis appeared in the liver
without dietary manipulation. Female SDT fatty rats
have the potential to become an important animal
model of NASH with type 2 diabetes and obesity, a
condition for which few models currently exist.
Ishii Y, Motohashi Y, Muramatsu M, Katsuda Y, Miyajima
K, Sasase T, Yamada T, Matsui T, Kume S, Ohta T. Female
spontaneously diabetic Torii fatty rats develop nonalcoholic
steatohepatitis-like hepatic lesions. World J Gastroenterol 2015;
21(30): 9067-9078 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i30/9067.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9067

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is presently
well recognized as the most common chronic liver
[1]
disease in the Western world . NAFLD is strongly
associated with central obesity, type 2 diabetes,
[1]
dyslipidemia, hypertension, and insulin resistance .
NAFLD represents the pathology of fatty liver, including
simple steatosis, nonalcoholic steatohepatitis (NASH),
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MATERIALS AND METHODS
Animals

This experiment was conducted in compliance
with the Guidelines for Animal Experimentation of
Japan Tobacco Biological/Pharmacological Research
Laboratories. The animal protocol was designed to
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Hepatic TG and FFA content

minimize pain or discomfort to the animals. Female
SDT fatty rats from our colony were used in the study.
At 8 wk of age, SDT fatty rats were divided into 5
groups for necropsy at 8, 16, 24, 32, and 40 wk of
age. SD rats [Crj: CD (SD); Charles River Japan,
Yokohama, Japan], as control animals, at 8 wk of age
were also divided into the same 5 groups as the SDT
fatty rats. In the experimental period, one SDT fatty rat
in the 24-wk necropsy group died due to unidentified
causes, leaving 4 animals in this group. The rats were
housed individually in suspended bracket cages in a
climate-controlled room with a temperature of 23 ℃
± 3 ℃, humidity 55% ± 15%, and a 12-h dark-light
cycle, and the rats had free access to a commercial
diet (CRF-1, Charles River Japan, Yokohama, Japan)
and water. The rats were anesthetized with isoflurane
inhalation before the procedures.

An approximate 100 mg portion of the liver, 0.5
mL of methanol, and zirconia beads were added
to tubes. The liver portion was homogenized using
a mixer mill (MM300 Retch) (25 Hz for 10 min).
To the homogenized solution, 1 mL of chloroform
was added and mixed thoroughly. The mixture was
then centrifuged (10000 g for 5 min at 4 ℃), and
the resultant supernatant was collected. Solvents
contained in 0.5 mL of the supernatant were dried
under a stream of nitrogen gas. To the residue, 0.5 mL
of 2-propanol was added, and the residue was then
dissolved again. The TG concentration of the 2-propanol
solution was determined using the biochemistry
automatic analyzer (Hitachi 7170S; Hitachi, Tokyo,
Japan). The free fatty acid (FFA) concentration was
analyzed using a NEFA-C kit (Wako Pure Chemical
Industries, Ltd., Osaka, Japan).

Biological parameters

mRNA quantification with real-time quantitative PCR

Body weight and biochemical parameters, such as
serum glucose, triglyceride (TG), total cholesterol
(TC), alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) levels, were measured at 8
wk of age and thereafter at 8-wk intervals until 40
wk of age. Blood samples were collected from the tail
vein of the rats. The samples were stored in ice water
until measurement. Serum glucose, TG, TC, ALT, and
AST levels were measured as biochemical parameters
using commercial kits (Roche Diagnostics, Basel,
Switzerland) in an automatic analyzer (Hitachi 7170S;
Hitachi, Tokyo, Japan).

Total RNA was extracted from the liver with the
GenElute Mammalian Total RNA Miniprep Kit (SigmaAldrich, St. Louis, MO, United States) at 8, 16, 24,
32, and 40 wk of age. RNA was transcribed into cDNA
using M-MLV reverse transcriptase and random primers
(Invitrogen, Carlsbad, CA, United States). The reaction
mixture was incubated for 10 min at 25 ℃, 1 h at
37 ℃, and 5 min at 95 ℃. Real-time PCR quantification
was performed in a 50 µL reaction mixture with an
automated sequence detector combined with ABI Prism
7700 Sequence Detection System software (Applied
Biosystems, Foster City, CA, United States). The
reaction mixture contained 50 ng of synthesized cDNA,
3.5 mmol/L MgCl2, 0.3 µmol/L primers, 0.1 µmol/L
®
probes, and 1.25 units of Ampli Taq Gold . The cycle
parameters included 10 min at 95 ℃ followed by 40
cycles of 15 s at 95 ℃ and 60 s at 60 ℃. The following
primers and FAM-conjugated probes were designed
using Primer Express software (Applied Biosystems):
SREBP-1c (forward, CGACTACATCCGCTTCTTACAGC;
reverse, TTTTGTGAGCACTTCGCAGG; probe,
CAGCAACCAGAAACTCAAGCAGGAGAACC), DGAT2
(forward, GCTGATAGCTGCTCTCTACTTCACC;
reverse, TGTGATCTCCTGCCACCTTTCT; probe,
TG G C ATTTG A C TG G A A C A C G C C C A ) , FA S
( f o r w a r d , A C T G A A C G G C AT TA C T C G G T C C ;
reverse, GTGTCCCATGTTGGATTTGGTG; probe,
T T C C G C C A G A G C C C T T T G T TA AT T G G ) , M T P
( f o r w a r d , G G A C G T T G T G T TA C T G T G G A G G ;
reverse, ACATTGACAGCCGTTATCGTGA; probe,
GATCCCGACGGTGACGATGATCAACTG), and β-actin
(purchased from Applied Biosystems). The expression
of the following genes were confirmed using
Taqman Gene Expression Assays on Demand and
Universal Maser Mix: ACC (Rn00573474_m1), α-SMA
(Rn01759928_g1), MCP-1 (Rn00580555_m1), TGF-β
(Rn99999016_m1), TNF-α (Rn99999017_m1), and

Tissue sampling and histopathology

Necropsy was performed at 8, 16, 24, 32, and
40 wk of age (n = 5 for each age, except 24 wk
of age with n = 4). All animals were sacrificed by
exsanguination under isoflurane anesthesia. The livers
were sampled for measurement of gene expression,
hepatic lipid content, and histopathology. Samples
for determination of gene expression and hepatic
lipid content were stored at -80 ℃ until analysis. For
histopathology, the livers were immediately fixed in
10% neutral-buffered formalin. After resection, the
tissue was paraffin-embedded by standard techniques
and sectioned (3 to 5 µm). The sections were stained
with hematoxylin and eosin (HE). The samples were
all examined histopathologically in a blind manner, and
the findings were graded from normal (-) to severe
(3+).

Immunostaining

The paraffin-embedded tissue sections were also
stained with Sirius Red and toluidine blue (TB), and
immunohistochemistry was performed for ED-1
(CD68: 1:100, BMA BIOMEDICALS, Switzerland) and
alpha-smooth muscle actin (α-SMA; 1A4, 1:50, Dako,
Denmark).
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collagen type 1 (Rn01463848_m1).

rats at 32 wk of age.
Fibrosis was also confirmed by Sirius Red staining
(Figure 3A-D). Consistent with the HE staining, similar
findings of fibrosis were observed in SDT fatty rats.
However, these changes were not observed in SD rats
(Table 1). Activated hepatic stellate cells (HSCs) in the
liver were investigated by α-SMA immunostaining. The
SD rats showed few HSCs at 32 wk of age. Consistent
with the presence of hepatic fibrosis, there were
increased numbers of α-SMA-positive, activated HSCs
in SDT fatty rats (Figure 3E and F). To examine the
macrophages and mast cells in the liver, liver sections
were immunostained with ED-1 and TB. Increased
macrophage and mast cell counts, as indicated by
ED-1- and TB-positive stained cells, respectively, were
found in SDT fatty rats at 32 wk of age, and these cells
were scarcely observed in SD rats (Figure 3G and H).

Statistical analysis

The results of the biological parameters are expressed
as the mean ± SD. Statistical analysis of differences
between mean values was performed using an F-test
followed by the Student t-test or the Aspin-Welch t-test.
Differences were considered significant at P < 0.05.
The statistical methods of this study were reviewed by
Dr. Hisayo Morinaga from Biological/Pharmacological
research laboratories, Central Pharmaceutical Research
Institute, Japan Tobacco Inc.

RESULTS
Body weight and biochemical parameters

SDT fatty rats showed obesity at 8 wk of age. The
mean bodyweight at 8 wk was significantly higher in
SDT fatty rats compared with SD rats (328 ± 40 g vs
216 ± 8 g; P < 0.01). Obesity was sustained in SDT
fatty rats until 24 wk of age (Figure 1A). The serum
glucose levels in SDT fatty rats were higher than
those in SD rats at 8 wk of age, and the increase was
sustained until 40 wk of age (Figure 1B). The serum
TG levels in SDT fatty rats increased until 24 wk of
age, and they slightly decreased after 32 wk (Figure
1C). The serum TC levels in SDT fatty rats increased
throughout the observation period (Figure 1D). The
serum TG and TC levels in SDT fatty rats were higher
than those in SD rats until 40 wk of age. Furthermore,
the serum AST and ALT levels were significantly
elevated at 8 wk, and these high levels were sustained
until 40 wk of age (Figure 1E and F).

Liver mRNA expression

The mRNA levels of lipogenic genes (SREBP-1c, FAS,
ACC, DGAT2, and MTP), inflammatory genes (MCP-1
and TNF-α), and fibrotic genes (collagen Type 1,
TGF-β , and α -SMA) in the liver were measured by
real-time PCR at 8-wk intervals. At 8 wk of age, the
expression of lipogenic genes (such as SREBP-1c, FAS,
and ACC) increased in SDT fatty rats compared with
SD rats (Figure 4A-C). The DGAT2 mRNA level was not
increased in SDT fatty rats (Figure 4D), and the MTP
mRNA level, which is related to secretion of very lowdensity lipoprotein (VLDL), was decreased by 64%
in SDT fatty rats compared with SD rats (Figure 4E).
After 16 wk of age, SDT fatty rats showed decreased
expression of lipogenic genes (such as SREBP-1c,
FAS, and ACC). The expression of lipogenic genes was
comparable between SDT fatty rats and SD rats, but
the DGAT2 and MTP mRNA levels in SDT fatty rats
were lower than those in SD rats.
The TNF-α and MCP-1 inflammatory genes were
increased by 16.1% and 38.9%, respectively, in SDT
fatty rats at 16 wk of age (Figure 4F and G). The
mRNA levels of fibrotic genes, namely collagen type
1 and α-SMA, tended to increase in SDT fatty rats
compared with SD rats at 16 and 24 wk of age. The
TGF-β mRNA levels in SDT fatty rats also tended to
increase at 32 wk of age.

Liver weight and hepatic TG and FFA content

The liver weights were increased in SDT fatty rats until
24 wk of age and slightly decreased thereafter, but
they were greater than those in SD rats throughout
the experiment, except at 24 wk of age (Figure 2A).
The hepatic TG content in SDT fatty rats was higher
than that in SD rats at 8 wk of age (129 ± 77 mg/g
tissue vs 10 ± 2 mg/g tissue; P < 0.01). The hepatic
TG content was markedly elevated until 16 wk of
age in SDT fatty rats, and gradually decreased to the
level in SD rats (Figure 2B). The hepatic FFA content
showed a similar change to hepatic TG content in
SDT fatty rats because it increased until 16 wk and
gradually decreased after 32 wk of age (Figure 2C).

DISCUSSION
In a previous study, we investigated diabetes mellitus
in female SDT fatty rats by comparing these rats
with age-matched female SDT rats. Female SDT
fatty rats showed metabolic abnormalities such as
hyperglycemia, hyperinsulinemia, and dyslipidemia at
a young age, which were similar to the abnormalities
[14]
observed in male SDT fatty rats . Furthermore,
diabetic complications such as renal lesion and
cataracts were observed at 16 wk of age in female SDT
fatty rats, and were comparable to the complications

Histopathological analyses

The liver histopathology was examined by HE staining.
Histopathologically, severe changes (3+) of the liver,
including fatty and vacuolar changes, were observed
in SDT fatty rats at 8 wk of age. Moderate changes
(1+-2+) of hypertrophy and very slight or slight
changes in inflammation were also observed in SDT
fatty rats at 8 wk of age (Table 1). Moreover, moderate
changes (2+) indicating fibrosis were observed in SDT
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Figure 1 Changes in body weight and biological parameters in spontaneously diabetic Torii fatty rats and Sprague-Dawley rats. A: Body weight; B: Glucose;
C: Triglyceride; D: Total cholesterol; E: Alanine aminotransferase; F: Aspartate aminotransferase. Data are shown as mean ± SD (n = 4-5). aP < 0.05, bP < 0.01, vs
Sprague-Dawley rats. SDT: spontaneously diabetic Torii; SD: Sprague-Dawley.
[15]

observed in male SDT fatty rats . Sexual differences
in SDT fatty rats did not exist in the progression of
diabetes. Thus, female SDT fatty rats are an important
animal model of metabolic syndrome with diabetes
In Zucker diabetic fatty rats, hepatic steatosis is
observed without dietary manipulation, but hepatic
[19]
fibrosis is not observed . Although ob/ob and
db/db mice develop hepatic steatosis associated
with obesity and insulin resistance, these mice do
not spontaneously progress to significant steato
[8,9]
hepatitis . Ob/ob and db/db mice show significant
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steatohepatitis development when fed a MCD diet,
but only db/db mice fed a MCD diet have increased
[10,11]
fibrosis in the liver
. Db/db mice require other
stimulation in addition to the background condition,
such as obesity, diabetes, and dyslipidemia, to trigger
[10]
progression to fibrosis .
In the present study, we investigated the patho
physiological changes of the liver in female SDT fatty
rats compared with SD rats. We used SD rats as the
control, instead of SDT rats, because we wanted
to focus on the investigation of pathophysiological
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Table 1 Microscopy findings of the liver in female spontaneously diabetic Torii fatty rats and Sprague-Dawley rats
8 wk
SD

SDT fatty

16 wk
SD

SDT fatty

Hepatosteatosis (Vacuolar change/fatty change)
5
0
5
0
±
0
0
0
0
+
0
0
0
0
2+
0
4
0
2
3+
0
1
0
3
Hypertrophy of hepatocytes (with vacuolation/fatty change)
5
1
5
0
±
0
0
0
0
+
0
2
0
2
2+
0
2
0
3
3+
0
0
0
0
Fibrosis, focal
5
4
5
5
±
0
0
0
0
+
0
1
0
0
2+
0
0
0
0
3+
0
0
0
0
Infiltration, inflammatory cell, periportal
5
2
5
4
±
0
3
0
1
+
0
0
0
0
2+
0
0
0
0
3+
0
0
0
0
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24 wk

32 wk

40 wk

SD

SDT fatty
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SDT fatty

5
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0
0
0

0
0
0
2
2

5
0
0
0
0

0
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0
3
2

5
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0
0
0

0
0
0
3
2

5
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0
0

0
0
2
2
0

5
0
0
0
0
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0
1
3
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0
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Figure 3 Liver histopathology at 40 wk of age. A, C, E, G: SD rats; B, D, F, H: SDT fatty rats. A, B: Hematoxylin and eosin (HE); C, D: Sirius Red; E, F: Alphasmooth muscle actin (α-SMA); G, H: Toluidine blue staining and immunohistochemistry for ED-1.
[20]

changes of the liver in SDT fatty rats. In our previous
study, we confirmed that female SDT rats only exhibit
[16]
a fatty liver based on histopathology but not fibrosis
at 40 wk of age. Furthermore, male SDT rats, which
are a severe type 2 diabetic model, do not exhibit a

WJG|www.wjgnet.com

fatty liver and liver fibrosis at 24 wk of age .
SDT fatty rats showed hyperglycemia associated
with increased body weight at 6 wk of age, and they
exhibited severe hyperglycemia after 6 wk of age,
which is considered to be due to a decrease in insulin
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Figure 4 Expression of genes related to triglyceride synthesis, triglyceride secretion, inflammation, and fibrosis in spontaneously diabetic Torii fatty rats
and SD rats. A: SREBP-1c; B: FAS; C: ACC; D: DGAT2; E: MTP; F: TNF-α; G: MCP-1; H: Collagen type 1; I: α-SMA; J: TGF-β. Data are shown as the mean ± SD (n
= 4-5). aP < 0.05, bP < 0.01, vs SD rats. SDT: Spontaneously diabetic Torii; SD: Sprague-Dawley.

levels. Indeed, our previous study has shown that
insulin levels in SDT fatty rats increase until 6 wk of
age and gradually decease thereafter, but the levels
are significantly higher than those in SD rats until 20
wk of age (8.89 ± 7.07 ng/mL vs 1.42 ± 0.49 ng/mL; P
< 0.05). From 20 to 40 wk of age, the insulin levels
in SDT fatty rats are slightly greater than those in
[14]
SD rats . As expected, the hepatic TG content in
SDT fatty rats was higher than those of SD rats,
and it peaked at 16 wk of age. After 16 wk of age,
it gradually decreased to the levels observed in the
SD rats. The mRNA expression levels of MCP-1 and
TNF-α at 16 wk of age were increased, suggesting
that SDT fatty rats had accelerated liver injury and
inflammation. The mRNA expression of collagen type
1 and α-SMA tended to increase in SDT fatty rats.
With regard to the pathophysiology, hepatic fibrosis
was observed in SDT fatty rats at 32 wk of age.
These findings indicated that female SDT fatty rats
spontaneously develop nonalcoholic steatohepatitislike hepatic lesions without dietary manipulation.
The hepatic steatosis in SDT fatty rats observed
at 8 wk of age resulted from increased hepatic
TG synthesis and decreased VLDL secretion, and
histopathological findings, such as fatty changes in
the hepatocytes, showed hepatic steatosis. Indeed,
the hepatic FFA content, which is a component of TG,
was also increased. The expression of genes related
to lipogenesis, FAS, and ACC1 was increased, and the
expression of MTP, which is a gene related to VLDL
secretion, was decreased in SDT fatty rats at 8 wk of
age. Furthermore, the FFA content in the liver was
attributed to the degradation of serum lipoproteins and
uptake of serum FFA. The hyperlipidemia in SDT fatty
rats is considered to supply fatty acids to the liver.
In terms of the hepatic steatosis, SDT fatty rats are
[19,21]
comparable to other rat strains at 8 wk of age
.
In contrast, the decrease in the hepatic TG content
after 24 wk of age may be based on the decreased
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de novo lipogenesis. The mRNA expression of SREBP1c, which regulates FAS and ACC1 mRNA expression,
was decreased in SDT fatty rats after 16 wk of age.
Some complex mechanisms involved in the decrease
in SREBP-1c mRNA expression of liver should be
considered. It is known that insulin activates the
SREBP-1c promoter in liver, thereby increasing fatty
[22]
acid and triglyceride synthesis . A previous study
has shown that the serum insulin levels are decreased
[14,16]
in SDT fatty rats after 6 wk of age
. The reduction
of SREBP-1c levels could contribute to the decrease
in serum insulin levels. The reduction of hepatic
steatosis has also been shown in Otsuka Long-Evans
[21]
Tokushima fatty rats after 30 wk of age . The change
in hepatic steatosis is considered to be associated with
[23]
a decrease in SREBP-1c expression . The change
in hepatic steatosis in SDT fatty rats may be partly
due to decreased SREBP-1c expression based on
the decreased serum insulin levels. Further study is
required to confirm this mechanism.
The spontaneous development of steatohepatitis
and hepatic fibrosis in SDT fatty rats could be
explained by the increase in hepatic FFA. The excess
FFA could serve as precursors for the production
[24]
of lipid peroxidation , which can activate hepatic
stellate cells and thereby result in the development of
[25,26]
fibrosis
. Indeed, an increase in α-SMA level, which
is an indicator of activated hepatic stellate cells, was
observed. In addition to lipid peroxidation, CYP2E1
may be involved in hepatic fibrosis development in
SDT fatty rats. It has been reported that fatty acids
increase both CYP2E1 mRNA and protein levels in the
[27]
liver of high-fat diet fed animals . CYP2E1 produces
[28,29]
high levels of reactive oxygen species
, which play
an important role in the development of NASH and
[30]
fibrosis .
The difference in the pathophysiology of the liver
between SDT fatty rats and other diabetic animal
models remains unknown. However, the hepatic
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disorders, such as non-alcoholic steatohepatitis (NASH). Approximately 5%-10%
of NASH patients are diagnosed with cirrhosis and/or hepatocellular carcinoma
within 10 to 20 years. Currently, no medicines are approved for the treatment
of NASH. To understand the complicated features of the disease, animal
models of non-alcoholic fatty liver disease (NAFLD) offer important information
for therapeutic intervention. Currently, there are no animal models of NASH
accompanied by essential features of clinical conditions, such as obesity and
insulin resistance, without dietary manipulation.

vulnerability in SDT fatty rats could be explained by
the sensitivity to inflammation. SDT rats, which are the
strain of origin of SDT fatty rats, show hyperglycemia
caused by age-dependent degenerative changes in
[31,32]
pancreatic islets
. Treatment with telmisartan
ameliorates hyperglycemia and hypoinsulinemia
due to the reduction in oxidative stress caused by
[33]
renin angiotensin system activation in SDT rats ,
suggesting that a large amount of NO is produced by
[34]
macrophages in the islets . It has been suggested
that SDT rats are under inflammatory conditions
physiologically. In SDT fatty rats, ED-1 staining, which
is a marker for activated macrophages, was increased
in the liver at 40 wk of age. These results suggested
that SDT fatty rats have increased inflammation as a
steady condition in the liver. This state may enhance
the stress sensitivity caused by lipid peroxidation,
which induces hepatic fibrosis. Further study is needed
to clarify the hepatic characteristics of SDT fatty rats.
In addition, it is necessary to investigate whether SDT
fatty rats develop hepatocarcinoma after 40 wk of age.
Compared with human NASH, SDT fatty rats
have steatohepatitis accompanied by metabolic
syndrome, including hyperglycemia, hyperinsulinemia,
and obesity, which are similar features to those of
human NASH. Human NASH is strongly associated
[35,36]
with obesity, type 2 diabetes, and dyslipidemia
.
In contrast, there is a difference between SDT fatty
rats and human NASH. Pathophysiological features of
NASH with fibrosis are observed in only female SDT
fatty rats and not in male SDT fatty rats. Meanwhile,
the prevalence of human NASH is common in men
rather than women, which might be explained by sex
[37]
hormones . Further studies are needed to examine
the molecular basis of this sex difference in SDT fatty
rats.
In conclusion, female SDT fatty rats showed
steatohepatitis (e.g., increased plasma ALT and hepatic
steatosis) associated with hyperglycemia and dyslipidemia
at 8 wk of age. Thereafter, hepatic fibrosis began to be
observed at 32 wk of age. These results demonstrated
that female SDT fatty rats exhibit pathophysiological
features of NASH in the absence of dietary manipulation.
The precise mechanisms for developing NASH in humans
remain unknown. However, female SDT fatty rats have
the potential to become an important animal model of
NASH with type 2 diabetes and obesity, a condition for
which few models currently exist.

Research frontiers

Spontaneously diabetic Torii Leprfa (SDT fatty) rats show several metabolic
syndrome features, including obesity, hyperglycemia, hyperlipidemia, and
insulin resistance. However, the features of liver lesions in SDT fatty rats
have not been reported in detail. In the present study, the pathophysiological
changes in the liver of SDT fatty rats were examined over time.

Innovations and breakthroughs

Many NASH studies have used animal models, such as diet-induced NASH
models or mutant gene models, and these NASH animal models spontaneously
progress to significant steatohepatitis accompanied by metabolic syndrome.
This is the first study to show the time course of pathophysiological changes in
the liver of SDT fatty rats. Furthermore, the in vivo studies suggest that female
SDT fatty rats exhibit pathophysiological features of NASH in the absence of
dietary manipulation.

Applications

Female SDT fatty rats may be useful to identify the complicated molecular
mechanisms of the disease. In addition, this model may be a suitable preclinical
model to evaluate candidate drugs for NASH.

Terminology

NAFLD is presently well recognized as the most common chronic liver disease
in the Western world. NAFLD is a broad-spectrum liver disease that ranges from
simple steatosis to NASH and cirrhosis. Approximately 20%-30% of NALFD
patients progress to NASH. Because NASH leads to serious diseases, such
as cirrhosis of the liver and hepatocarcinoma, the development of therapeutic
agents is desirable. The pathogenesis of NASH remains poorly defined, and
effective pharmacological therapies have not been approved.

Peer-review

This is a good study in which the authors examined the pathophysiological
changes in the liver of SDT fatty rats over time. The results are interesting and
suggest that female SDT fatty rats spontaneously exhibit pathophysiological
features of NASH. Female SDT fatty rats have the potential to become a
suitable preclinical model of NASH.
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two weeks prior to experimentation. Intraperitoneal injection
administration was carried out with conscious animals, using
syringes of 1 mL. All animals were given ether anesthesia for
tissue and blood collection.
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Abstract

Core tip: Salvia miltiorrhiza and Carthamus tinctorius
extract [Danhong injection (DHI)] effectively protected
against hepatic injury. DHI intervention significantly
reduced alanine transferase, aspartate transaminase,
total bilirubin, malondialdehyde, glutathione-Stransferase, tumour necrosis factor-α, interleukin-6,
and caspase-3 levels in an lipopolysaccharide (LPS)induced mouse model of acute liver injury. Moreover,
DHI antagonised LPS-induced Bcl-2 and Bax expression
and inhibited IκBα and nuclear factor-κB p65 phospho
rylation. These findings suggest that Salvia miltiorrhiza
and Carthamus tinctorius extract (such as DHI) acts as
a multi-function protectant against acute hepatic injury
in mice through its anti-inflammatory, anti-oxidative
and anti-apoptotic activities.

AIM: To investigate the hepatoprotective effects and
mechanisms of an extract of Salvia miltiorrhiza and
Carthamus tinctorius in vivo .
METHODS: C57BL/6J mice were randomly assigned
to five groups and intraperitoneally administered 0.9%
saline, Salvia miltiorrhiza and Carthamus tinctorius
extract [Danhong injection (DHI), 0.75 and 3 g/kg
mixed extract] or reduced glutathione for injection
(RGI, 300 mg/kg) for 30 min before exposure to
lipopolysaccharide (LPS, 16 mg/kg). After intraperitoneal
LPS stimulation for 90 min or 6 h, the mice were
sacrificed by ether anaesthesia, and serum and liver
samples were collected. Histological analysis (H&E) and
terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labelling (TUNEL) staining were performed.
Alanine transferase (ALT), aspartate transaminase
(AST), total bilirubin (TBil), glutathione-S-transferase
(GST), malondialdehyde (MDA), tumour necrosis factor
(TNF)-α, interleukin (IL)-6, and caspase-3 levels were
measured. Bax, Bcl-2, P-IκBα, IκBα, P-NF-κB p65,
and NF-κB p65 protein levels were determined by
Western blot. TNF-α, IL-6, caspase-3, Bax and Bcl-2
mRNA expression was measured by real-time reverse
transcription-polymerase chain reaction (RT-PCR).

Gao LN, Yan K, Cui YL, Fan GW, Wang YF. Protective effect
of Salvia miltiorrhiza and Carthamus tinctorius extract against
lipopolysaccharide-induced liver injury. World J Gastroenterol
2015; 21(30): 9079-9092 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i30/9079.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9079

INTRODUCTION

RESULTS: Hematoxylin-eosin staining and TUNEL
results suggested that DHI (3 g/kg) treatment alleviated
inflammatory and apoptotic (P < 0.01) injury in the
liver of mice. DHI treatment dose-dependently blunted
the abnormal changes in biochemical parameters
such as ALT (72.53 ± 2.83 for 3 g/kg, P < 0.01), AST
(76.97 ± 5.00 for 3 g/kg, P < 0.01), TBil (1.17 ± 0.10
for 3 g/kg, P < 0.01), MDA (0.81 ± 0.36 for 3 g/kg,
P < 0.01), and GST (358.86 ± 12.09 for 3 g/kg, P <
0.01). Moreover, DHI (3 g/kg) remarkably decreased
LPS-induced protein expression of TNF-α (340.55 ±
10.18 for 3 g/kg, P < 0.01), IL-6 (261.34 ± 10.18 for
3 g/kg, P < 0.01), and enzyme activity of caspase-3
(0.93 ± 0.029 for 3 g/kg, P < 0.01). The LPS-induced
mRNA expression of TNF-α, IL-6 and caspase-3 was
also decreased by DHI. Western blot analysis revealed
that DHI antagonised LPS-stimulated decrease of Bcl-2
and increase of Bax protein expression. Furthermore,
DHI inhibited LPS-induced IκBα and NF-κB p65
phosphorylation.

Substantial evidence suggests that Salvia miltiorrhiza
Bge. (Lamiaceae) is hepatoprotective against hepatic
toxicity and ischemia/reperfusion injury via anti[1]
oxidative effects and improved microcirculation .
Similarly, Carthamus Red from Carthamus tinctorius
L. (Composite) has hepatoprotective effects against
[2]
CCl4-induced liver injury . The combination of Salvia
miltiorrhiza and Carthamus tinctorius extracts has
been traditionally used for synergistic therapeutic
effects on activating blood circulation and resolving
stasis and to treat ischemic encephalopathy and
[3-5]
coronary heart disease in the clinic . As a classic
prescription of the Salvia miltiorrhiza and Carthamus
tinctorius herbal pair, Danhong injection (DHI) is
composed of a 30% ethanol extract of the Salvia
miltiorrhiza root and rhizome and an aqueous extract
of the Carthamus tinctorius flower according to
standard extraction processes. High-performance liquid
chromatography (HPLC) fingerprinting of DHI has been
widely performed. The primary active components of
DHI include tanshinone IIA, danshensu, protocatechuic
aldehyde, rosmarinic acid, hydroxysafflor yellow A,
[6-9]
and salvianolic acid B . Based on the literature, we
proposed that the Salvia miltiorrhiza and Carthamus
tinctorius extract (namely DHI in this study) may be
beneficial for hepatic protection.
Hepatic diseases are a global human health
[10]
problem, with high morbidity and mortality . There
is no effective treatment for fatal liver disease, such
as hepatic failure. Although hepatic transplantation is

CONCLUSION: DHI may be a multi-function protectant
against acute hepatic injury in mice through its antiinflammatory, anti-oxidative and anti-apoptotic
activities.
Key words: Salvia miltiorrhiza ; Carthamus tinctorius ;
Apoptosis; Anti-inflammatory; Antioxidant; Acute liver
injury
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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[11]

associated with a high survival rate (50%-70%) ,
insufficient organ donation and high expenses limit its
application. Therefore, the hepatoprotective effects of
various drugs have been evaluated in animal models.
Lipopolysaccharide (LPS) is the major component
of the outer membrane of Gram-negative bacteria,
and the core-lipid A region is the toxic moiety of LPS.
[12,13]
LPS impairs the liver by acting as a hepatotoxin
.
The liver provides the first line of defence against
[14]
bacteria and their products . In animal models,
[15]
various reagents, such as carbon tetrachloride ,
[16]
[17]
D-galactosamine/LPS
and concanavalin A , have
been used to induce acute liver injury. In this study,
we induced acute liver injury in mice by LPS alone; a
16 mg/kg dose of LPS is sufficient to cause lung, liver
[18]
and kidney injury . Simultaneously, we employed
reduced glutathione for injection (RGI) as a positive
control drug against LPS-induced acute liver injury. We
investigated the hepatoprotective effects of DHI and
explored the underlying mechanisms.

and Nuclear and Cytoplasmic Protein Extraction were
purchased from Beyotime Institute of Biotechnology
(Haimen, China). RGI was obtained from LvYe
Pharmaceutical Co., Ltd (Yantai, China). The BCA Protein
Assay Kit was purchased from Thermo Pierce (Rockford,
United States). The caspase-3 colorimetric assay kit
was obtained from Enzo Life Science (Farmingdale,
United States). Antibodies against phospho-IκB-α, IκBα,
phospho-NF-κB p65, NF-κB p65 and the peroxidaseconjugated secondary antibody were purchased from
Cell Signaling Technology (Beverly, United States). Goat
anti-rabbit IgG peroxidase conjugate was purchased
from Calbiochem (Darmstadt, Germany).

DHI extraction, preparation and quality control standard

According to the standard extraction process drafted
by Shandong BuChang Pharmaceutical Co. Ltd and
approved by the State Food and Drug Administration
(SFDA) of China, Salvia miltiorrhiza and Carthamus
tinctorius extracts were prepared as DHI. First,
Salvia miltiorrhiza (750 g) was immersed in 7.5 L of
30% ethanol, extracted twice for 1 h at 50 ℃, and
filtered. Carthamus tinctorius (250 g) was mixed
with the material remainder by filtration of the
Salvia miltiorrhiza exact and immersed twice in 2.5 L
water for 1 h at 35 ℃. Second, the aqueous solution
was mixed with the alcoholic extract and vacuum
evaporated to a relative density of 1.0-1.2 (65 ℃).
Third, isotonic sodium chloride injection was added
to adjust the pH level to 6-7. DHI was then prepared
after filtration, potting and sterilisation.
The DHI quality control standard stipulated by
SFDA of China is that the total amount of Danshensu
(molecular formula: C9H10O5) and protocatechuic
aldehyde (molecular formula: C7H6O3) should not be
less than 0.5 mg in a 1-mL injection analysed by HPLC.
In addition, the total flavonoids determined by visible
spectrophotometry should not be less than 5.0 mg/mL
as determined using rutin as a reference (molecular
[3,19]
formula: C27H30O16)
.

MATERIALS AND METHODS
Animals

Male C57BL/6J mice (18-20 g) were purchased from
Beijing HuaFuKang Bio-technology Co., Ltd and housed
under standard laboratory conditions with controlled
light (on at 7:00 am and off at 7:00 pm), comfortable
temperature (24 ℃ ± 1 ℃) and standard humidity
(55% ± 5%). All mice in this study were used in
accordance with the NIH Guide for the Care and Use of
Laboratory Animals, and the protocol was approved by
the Ethics Committee of Tianjin University of Traditional
Chinese Medicine (TCM-2009-037-E10).

Reagents

DHI was purchased from Shandong Buchang
Pharmaceutical Co., Ltd (Jinan, China) (Drug approval
number: Z20026866). LPS from Escherichia coli 0111:
B4, anti-mouse IgG peroxidase conjugate and β-actin
monoclonal antibody were obtained from SigmaAldrich Co. (St. Louis, United States). Interleukin (IL)-6
and tumour necrosis factor (TNF)-α mouse ELISA kits
and anti-mouse Bax and Bcl-2 monoclonal antibodies
were obtained from eBioscience (San Diego, United
States). Mammalian Cell Lysis Kits, Bradford Protein
Assay Kits and UNIQ-10 column Trizol total RNA
extraction kits were obtained from Sangon Biological
Engineering Technology & Services Co., Ltd (Shanghai,
China). FastStart Universal SYBR Green Master
(ROX) kits were purchased from Roche (Mannheim,
Germany). Detection kits for alanine transferase (ALT),
aspartate transaminase (AST), total bilirubin (TBil) and
glutathione-S-transferase (GST) were purchased from
Nanjing Jiancheng Bioengineering Institute (Nanjing,
China). The assay kits for malondialdehyde (MDA),
terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labelling (TUNEL), cell apoptosis detection,
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Experimental design

In the present study, we performed two parallel animal
experiments. In each experiment, mice were randomly
assigned to 5 groups (8 animals each): blank control;
LPS (dissolved in sterile pyrogen-free saline solution,
16 mg/kg body weight); LPS + DHI (0.75 and 3 g/kg,
relative to human clinical dosage); positive control, LPS
+ RGI (300 mg/kg). The DHI dosage representation
was in g/kg (crude drugs weight/body weight). The
quantities of the crude drugs were calculated such
that the extract contained 750 g of Salvia miltiorrhiza
and 250 g of Carthamus tinctorius per litre. Therefore,
the g/kg dosage representation is equivalent to the
[3]
mL/kg found in many other references. Mice were
intraperitoneally injected with 0.9% saline (for the
control group), DHI and RGI 30 min prior to a single
LPS injection (0.9% saline for the blank control group).
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and caspase-3 measurements were performed using
commercially available kits. Caspase-3 activity was
determined using a modified protocol in which a
standard curve was prepared with pNA diluted in buffer
(assay buffer and lysis buffer were mixed at a ratio of
9:1). One unit was the amount of enzyme that cleaved
-9
10 M Ac-DEVD-pNA colorimetric substrate per hour at
37 ℃ under saturated substrate concentrations.

Table 1 Oligonucleotide primers for real-time reverse
transcription polymerase chain reaction
Gene

Primer

β -actin
(NM_007393.3)
TNF-α
(NM_013693.2)
IL-6
(NM_031168.1)
Bax
(NM_007527.3)
Bcl-2
(NM_177410.2)
Caspase-3
(NM_009810.2)

Sequence (5’-3’)

PCR
product
(bp)

Forward TGTTACCAACTGGGACGACA
Reverse
GGGGTGTTGAAGGTCTCAAA
Forward TAGCCAGGAGGGAGAACAGA
Reverse
TTTTCTGGAGGGAGATGTGG
Forward
TCCAGTTGCCTTCTTGGGAC
Reverse GTGTAATTAAGCCTCCGACTTG
Forward CTGCAGAGGATGATTGCTGA
Reverse
GATCAGCTCGGGCACTTTAG
Forward GGACTTGAAGTGCCATTGGT
Reverse
AGCCCCTCTGTGACAGCTTA
Forward ATGGGAGCAAGTCAGTGGAC
Reverse CGTACCAGAGCGAGATGACA

165
127

Real-time RT-PCR analysis of TNF-α , IL-6, caspase-3,
Bcl-2 and Bax mRNA expression in mouse liver

140
174

Liver tissues were stimulated with LPS for 90 min for
TNF-α and IL-6 expression analysis and for 6 h for the
detection of caspase-3, Bcl-2 and Bax. Real-time RT[12]
PCR was performed as described previously , and
oligonucleotide primers used for mouse TNF-α, IL-6,
caspase-3, Bcl-2, Bax and β-actin (an internal control)
are listed in Table 1.

127
137

PCR: Polymerase chain reaction.

Different volumes of DHI and RGI were dissolved in
0.9% saline to the same total volume of the maximum
administration dosage. After LPS exposure for 90 min
or 6 h, the mice were anaesthetised with ether, and
blood was collected. Subsequent cardiac perfusion
was performed prior to liver tissue collection to
avoid influencing the liver tissue results. Serum was
separated by centrifugation at 3000 rpm for 15 min
at 4 ℃. Both serum and liver tissues were frozen at
-80 ℃ until use.

Western blot analysis for Bcl-2, Bax and NF-κ B proteins
in mouse liver

For Bcl-2 and Bax analysis, livers were obtained after
LPS treatment for 6 h. For NF-κB family detection,
livers were collected after LPS treatment for 90 min.
Livers were lysed using a Nuclear and Cytoplasmic
Protein Extraction Kit (Beyotime Institute of Bio
technology, China) according to the manufacturer’s
protocol. The protein concentration in the supernatant
was determined using the BCA method. For Western
blot analysis, equal quantities (20 μg) of protein were
boiled for 5 min and subjected to SDS-PAGE, followed
by electrophoretic transfer to polyvinylidene difluoride
(PVDF) membranes. The membranes were blocked
with TTBS (0.5% Tween 20, 10 mmol/L Tris-HCl, pH
7.5, 150 mmol/L NaCl) containing 5% non-fat milk for
1 h at room temperature, followed by incubation with
antibodies against phospho-IκB-α, IκBα, phospho-NFκB p65, NF-κB p65 (1:1000, Cell Signaling Technology,
United States), Bax, Bcl-2 (1:1000, eBioscience,
United States) or β-actin (1:5000, Sigma-Aldrich Co.,
United States) overnight at 4 ℃. The membranes were
washed and incubated with HRP-conjugated secondary
antibodies against mouse (1:1000 for IκBα, Bax and
Bcl-2, and 1:10000 for β-actin, Sigma-Aldrich Co.,
United States) or rabbit (1:1000 for phospho-IκB-α,
phospho-NF-κB p65 and NF-κB p65, Calbiochem,
Germany) for 1 h at room temperature. After washing,
protein bands were detected using an ECL detection
kit (Millipore, United States) and exposed to Kodak
BioMax Light films. Films were quantified using NIH
Image J software.

Haematoxylin and eosin staining and TUNEL assay

For histological analysis, liver specimens obtained
after 90-min LPS exposure were fixed in 10%
neutral-buffered formalin, routinely processed, and
sectioned (5 μm thick). After haematoxylin and eosin
(H&E) staining, live specimens were photographed
under a light microscope (Olympus, Tokyo, Japan)
at magnification × 200. For hepatocyte apoptosis
detection, liver tissues were collected after 6-h LPS
stimulation. The TUNEL assay was performed to
label the 3’-end of fragmented DNA in liver sections
according to the manufacturer’s instructions (Beyotime,
China). Finally, slides were examined by fluorescence
microscopy (Nikon, Japan), and quantitative statistical
analysis was performed using NIH Image J software.

ALT, AST and TBil, IL-6, TNF-α , MDA, GST and caspase-3
measurements

For ALT, AST and TBil detection, serum samples were
collected after 6-h LPS stimulation. For IL-6 and
TNF-α analysis, liver tissues were harvested from
mice stimulated with LPS for 90 min. In addition, liver
tissues collected for measuring MDA production and
GST activity were stimulated with LPS for 6 h. Liver
tissues were homogenised in phosphate-buffered
saline (PBS) and centrifuged at 8000 rpm for 15 min
at 4 ℃. Supernatant aliquots were stored at -80 ℃
until use. All ALT, AST, TBil, IL-6, TNF-α, MDA, GST
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Statistical analysis

Statistical analyses were performed with Origin 7.5
software (MicroCal, United States). Data are expressed
as the mean ± SE. Differences between the values of
various experimental groups were assessed by oneway analysis of variance (ANOVA), and P-values less
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than 0.05 were considered statistically significant.
The statistical methods of this study were reviewed
by Jing-Bo Zhai from Tianjin University of Traditional
Chinese Medicine.

significantly reduced the LPS-induced increase in TNF-α
protein (Figure 4A, P < 0.01) and mRNA expression
(Figure 4B, P < 0.01). Similarly, LPS alone increased
IL-6 protein and mRNA expression by 317.0% and
363.1%, respectively, compared to saline treatment.
After DHI administration, IL-6 protein levels signi
ficantly decreased in a dose-dependent manner (Figure
4C, P < 0.01). However, only the high dose of DHI (3
g/kg) exhibited a marked inhibitory effect (P < 0.01)
on IL-6 mRNA expression (Figure 4D, 3.06 ± 0.043,
P < 0.01) and caspase-3 activity (0.93 ± 0.029, P <
0.01).

RESULTS
Effects of DHI on hepatic histopathology and apoptosis

H&E staining analysis of liver sections (Figure 1A)
revealed intact lobular architecture and normal
hepatocyte structure in mice that did not receive LPS
(a). However, upon LPS exposure (b), histological
changes primarily characterised by fat degeneration
occurred, which are indicated by arrows in Figure 1A.
Moreover, hepatic cells became loosely and irregularly
arranged. By contrast, DHI administration prior to LPS
exposure (c, d) ameliorated these changes, as only
slight fat degeneration or few inflammatory granulocyte
and monocyte infiltrates were visible. RGI (e) also
alleviated inflammatory injury, although not to the
same extent as 3 g/kg DHI (d).
To confirm that DHI prevented hepatocyte apoptosis,
we performed TUNEL assays on liver sections (Figure
1B). Following LPS treatment, mouse livers (g) displayed
increased hepatocyte damage and abundant TUNELpositive hepatocytes, whereas we did not observe any
TUNEL-positive cells in the blank control group (f).
When we administered DHI or RGI (h-j) prior to LPS,
DHI (3 g/kg) and RGI both significantly alleviated LPSinduced apoptotic injury (P < 0.01, Figure 1C). Taken
together, these results indicate that DHI attenuated
massive LPS-induced hepatocyte apoptosis in a dosedependent manner.

Effects of DHI on caspase-3 activity in the liver

To further investigate the anti-apoptotic and hepato
protective effects of DHI, we measured caspase-3
activity (Figure 5) by examining enzyme activity and
mRNA expression. Compared to the blank control
group, LPS significantly increased caspase-3 activity
by 217.6%, whereas DHI markedly blunted caspase-3
activity (0.93 ± 0.029 for 3 g/kg, P < 0.01). DHI (3
g/kg) also significantly decreased caspase-3 mRNA
expression compared to LPS treatment alone (0.63
± 0.044, P < 0.01), but RGI treatment had no effect
on caspase-3 mRNA expression compared to LPS
treatment alone.

Effects of DHI on liver Bcl-2 and Bax expression

Real-time RT-PCR (Figure 6A and B) revealed that LPS
treatment led to an increase in Bax mRNA expression
(242.2%, P < 0.01) and a decrease in the mRNA
expression of Bcl-2 (44.2%, P < 0.01), an integral
membrane anti-apoptotic protein. However, the
aberrant changes in Bax and Bcl-2 expression were
alleviated by DHI administration (P < 0.05 or P <
0.01). Moreover, we analysed Bcl-2 and Bax protein
expression by Western blot (Figure 6E). The relative
optical density (Figure 6C and D) showed that LPS upregulated Bax protein expression (P < 0.01). However,
DHI antagonised this LPS-induced protein expression
(P < 0.01). Moreover, DHI significantly increased Bcl-2
protein expression compared to LPS treatment alone
(P < 0.01). In summary, DHI protected hepatocytes
from apoptotic injury by balancing Bax and Bcl-2
expression.

Effects of DHI on LPS-induced increase in ALT and AST
activities and TBil production in serum

To examine hepatic function, we examined ALT and
AST activities and TBil production. LPS alone increased
ALT (A) and AST activity (B) and TBil production (C) by
363.3%, 265.7% and 170.1%, respectively, in mouse
serum (Figure 2). However, DHI or RGI pre-treatment
significantly and dose-dependently decreased these
activities (P < 0.05 or P < 0.01).

Effects of DHI on LPS-induced increase in SOD and GST
activities and MDA production in liver homogenates

Effects of DHI on liver NF-κ B protein expression

To assess the degree of oxidative stress, we measured
MDA and GST levels. As shown in Figure 3, liver levels
of MDA (A) and GST (B) increased by 2.68-fold and
1.44-fold, respectively, in mice stimulated with LPS or
saline as a control. However, DHI or RGI administration
prior to LPS markedly ameliorated oxidative injury, as
evidenced by reductions in MDA (0.81 ± 0.36 for 3 g/kg,
P < 0.01) and GST (358.86 ± 12.09 for 3 g/kg, P <
0.01) levels.

The NF-κB family plays a key role in pro-inflammatory
and anti-apoptosis processes. Generally, NF-κB/Rel
proteins enter the cytoplasm as homodimers or
heterodimers in an inactive state in complexes with
inhibitory IκB proteins. Upon LPS treatment (Figure 7),
we observed IκBα degradation and phosphorylation,
which revealed that DHI alleviated the LPS-induced
phospho-IκBα up-regulation (P < 0.05). DHI (3 g/kg)
significantly antagonised the LPS-induced IκBα
increase (P < 0.05). To determine if NF-κB p65 tran
slocation and phosphorylation occurred during acute

Effects of DHI on liver TNF-α and IL-6 expression

Compared to the LPS-alone group, DHI (3 g/kg)

WJG|www.wjgnet.com

9083

August 14, 2015|Volume 21|Issue 30|

Gao LN et al . Hepatic protection of Danhong injection

A

B

a

f

100 mm

100 mm

b

g

100 mm

100 mm

c

h

100 mm

d

100 mm

i

100 mm

e

100 mm

j

100 mm

WJG|www.wjgnet.com

100 mm

9084

August 14, 2015|Volume 21|Issue 30|

Gao LN et al . Hepatic protection of Danhong injection

C
TUNEL positive-cells per fields

50

40

b

30

20

d
d

10

0
LPS (16 mg/kg)

-

+

+

+

+

Danhong injection (g/kg)

-

-

0.75

3

-

RGI (300 mg/kg)

-

-

-

-

+

Figure 1 Effects of Danhong injection on hepatic histopathology and apoptosis. A: Hematoxylin-eosin staining (magnification × 200); B: TUNEL assay
(magnification × 200), (a/f) Blank control group, (b/g) Lipopolysaccharide (LPS)-stimulated group, (c/h) Danhong injection (DHI) (0.75 g/kg) + LPS-stimulated group, (d/i)
DHI (3 g/kg) + LPS-stimulated group, and (e/j) RGI (300 mg/kg) + LPS-stimulated group; C: Analysis of apoptotic cell numbers. The number of apoptotic cells per field (1
mm2) was determined using NIH Image J software (n = 6). bP < 0.01 vs blank control group, dP < 0.01 vs LPS-treated group. Arrows indicate fat degeneration.

A

B

150

200

b

b
120

150

90

d

AST (IU/L)

ALT (IU/L)

c
d

60

c

100

d

d

50

30

0

0
LPS (16 mg/kg)

LPS (16 mg/kg)

Danhong injection (g/kg)
RGI (300 mg/kg)
-

C

+

+

+

+

-

0.75

3

-

-

-

-

+

Danhong injection (g/kg)
RGI (300 mg/kg)
-

+

+

+

+

-

0.75

3

-

-

-

-

+

3.0
2.5
b
TBil (mg/dL)

2.0
c
1.5

d
d

1.0
0.5
0.0

LPS (16 mg/kg)

-

+

+

+

Danhong injection (g/kg)

-

-

0.75

3

+
-

RGI (300 mg/kg)

-

-

-

-

+

Figure 2 Effects of Danhong injection on serum alanine transferase and aspartate transaminase activities and total bilirubin production in
lipopolysaccharide-treated mice. Different groups of mice were pre-treated with glutathione for injection (RGI) or 0.9% saline for 30 min before lipopolysaccharide
(LPS) or 0.9% saline injection for 6 h. Values are mean ± SE (n = 8). bP < 0.01 vs blank control group, cP < 0.05, dP < 0.01 vs LPS-treated group.
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Figure 3 Effects of Danhong injection on malondialdehyde production and glutathione-S-transferase activity in liver homogenates of lipopolysaccharideinduced mice. Mice were pre-treated with Danhong injection (DHI), glutathione for injection (RGI) or 0.9% saline for 30 min before lipopolysaccharide (LPS) or 0.9%
saline injection for 6 h. Values are mean ± SE (n = 8). bP < 0.01 vs blank control group, cP < 0.05, dP < 0.01 vs LPS-treated group.

liver injury, we examined the effects of DHI treatment
on LPS-induced NF-κB p65 and phospho-NF-κB p65
by Western blot, which revealed that DHI significantly
reduced the up-regulation of NF-κB p65 (P < 0.01)
and phospho-NF-κB p65 (P < 0.05 or P < 0.01).

function and alleviates oxidative stress.
The regulation of liver function is dependent on
communication between cells (hepatocytes, endothelial
cells, Kupffer cells and others) and cytokines. TNF-α
is required for the proliferation of normal hepatocytes
and exerts an anti-apoptotic effect by inducing NF[26,29]
. However, excessive TNF-α may mediate
κB
[30,31]
hepatotoxicity by inducing apoptosis
. Furthermore,
TNF-induced hepatocyte injury provides a vital signal
for polymorphonuclear (PMN) transmigration from
sinusoids into the parenchymal tissues, which leads
[32]
to cellular necrosis . IL-6 is secreted from activated
macrophages and is a potent inducer of the hepatic
[33]
acute phase response . For mice with LPS-induced
acute liver injury, DHI notably inhibited the increase
in IL-6 and TNF-α protein and mRNA expression.
These results confirm that DHI can improve hepatic
function and protect the liver from oxidative stress and
inflammatory damage.
The transcription factor NF-κB is involved in the
regulation of many important cellular and physiological
processes, such as growth, apoptosis, and the
[33-35]
immune and inflammatory responses
. Further
exploring the mechanisms of DHI in acute mouse
liver injury, we observed that LPS induced the NFκB signalling pathway and TNF-α secretion via IκBα
phosphorylation triggered NF-κB p65 translocation
to the nucleus stimulated the inflammatory cascade
reaction. The released inflammatory mediators, such
as TNF-α and IL-6, could then multiply the toxic effects
of LPS on multiple organs and lead to multiple organ
dysfunctions. However, DHI treatment inactivated the
NF-κB pathway and protected against hepatic injuryinduced deterioration.

DISCUSSION
Studies have established that Salvia miltiorrhiza
[20]
plays a vital role in vasorelaxation , scavenging
oxygen free radicals, preventing lipid peroxidation,
[21]
and combatting inflammation . The primary
pharmacological action of Carthamus tinctorius is to
improve microcirculation, antagonise coagulation and
[22-25]
thrombosis, and inhibit the inflammatory reaction
.
Modern pharmacological studies have determined
that Salvia miltiorrhiza and Carthamus tinctorius
extracts in the form of a compound preparation (such
as DHI, a classic preparation) are a potential anti[26,27]
[11]
oxidative
agent and an anti-inflammatory drug .
The anti-inflammatory activity of DHI is primarily
due to hydroxysafflor yellow A, and its anti-oxidative
capacity relies on salvianolic acid B. Danshensu has
[6]
the strongest anti-apoptotic effect . To evaluate the
[28]
safety of DHI, Wang et al
investigated its acute and
chronic toxicity by intravenous injection, determining
an LD50 of 39.5 mL/kg, more than 10-fold higher than
the high dosage used here.
We performed novel pharmacological explorations of
the effects of DHI on liver injury. H&E staining indicated
that DHI largely ameliorated fat degeneration,
indicating its hepatic protective capability. Second,
DHI regulated ALT, AST, TBil and MDA levels and GST
enzyme activities, suggesting that DHI repairs hepatic
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Figure 4 Effects of Danhong injection on tumour necrosis factor-α and interleukin-6 expression in mouse liver. The protein expression levels of tumour
necrosis factor (TNF)-α (A) and interleukin (IL)-6 (C) were measured by ELISA. Values are mean ± SE (n = 8). TNF-α (B) and IL-6 (D) mRNA expression
was detected by real-time RT-PCR. Values are mean ± SE (n = 3) of three independent experiments. bP < 0.01 vs blank control group, cP < 0.05, dP < 0.01 vs
lipopolysaccharide (LPS)-treated group.

Acute inflammation can also induce apoptotic
[36]
injury . Excess TNF-α is an important inducer of
endotoxemia-induced liver injury and accelerates
[37]
hepatocyte apoptosis . To explore whether apoptosis
is involved in LPS-induced liver injury, we performed
TUNEL assays. Our results revealed that LPS
administration led to striking hepatocyte apoptosis
with focal concentration. However, DHI blunted the
apoptotic response. Caspase-3 is indispensable for
some typical characteristics of apoptosis, such as
[38]
chromatin condensation and DNA fragmentation .
The detection of caspase-3 revealed that DHI
treatment alleviated LPS-induced caspase-3 activity
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at both the enzymatic activity and mRNA expression
level. We also propose that the reduced caspase-3
activity was due to a decrease in mRNA expression
or the dual role of mRNA expression and enzyme
activity. We did not observe a significant change in
caspase-8 activity. The key anti-apoptotic protein Bcl-2
[35,39]
can inactivate caspases
. Further investigating
the possible anti-apoptotic mechanism of DHI, we
observed that DHI reduced Bax expression and
increased Bcl-2 expression. As mentioned above,
we propose that DHI inhibits hepatic apoptosis by
balancing Bcl-2 and Bax levels.
In conclusion, this study focused on the effect of
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Figure 5 Effects of Danhong injection on liver caspase-3 activity. A: Caspase-3 enzymatic activity was measured using a modified commercial kit. Values are
mean ± SE (n = 8); B: Caspase-3 mRNA expression was detected by real-time reverse transcription-polymerase chain reaction. Values are mean ± SE (n = 3) of
three independent experiments. bP < 0.05, dP < 0.01 vs blank control group, dP < 0.01 vs lipopolysaccharide (LPS)-treated group.
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Figure 6 Effects of Danhong injection on liver Bcl-2 and Bax expression. The mRNA expression of Bax (A) and Bcl-2 (B) was detected by real-time RT-PCR.
Values are mean ± SE (n = 3) of three independent experiments. Bcl-2 and Bax protein expression was detected by Western blot (E). The relative optical density is
shown (C and D). bP < 0.01 vs blank control group, cP < 0.05, dP < 0.01 vs lipopolysaccharide (LPS)-treated group. β-actin was used as an internal control.
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Figure 7 Effects of Danhong injection on liver nuclear factor-κB family protein expression. Phospho-IκB-α, IκBα, phospho-NF-κB p65 and NF-κB p65 protein
expression in the mouse liver was examined by Western blot (A). The relative optical density is shown (B-E). bP < 0.01 vs blank control group, cP < 0.05, dP < 0.01 vs
lipopolysaccharide (LPS)-treated group. β-actin was used as an internal control.
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Figure 8 Pharmacological mechanism of Danhong injection on lipopolysaccharide-induced acute liver injury. Danhong injection (DHI) protected against
lipopolysaccharide (LPS)-induced acute liver injury by regulating IκBα, and nuclear factor (NF)-κB p65 phosphorylation as well as NF-κB p65 translocation from the
cytoplasm to the nucleus. Subsequently, TNF-α and IL-6 secretion, Bax and Bcl-2 expression, and caspase-3 activity were modified and balanced.

Salvia miltiorrhiza and Carthamus tinctorius extract on
hepatic protection. DHI is a popular Chinese medicine
consisting of Salvia miltiorrhiza and Carthamus
tinctorius. LPS injection activated the NF-κB signalling
pathway, resulting in the subsequent release of
cytokines, including TNF-α and IL-6. TNF-α secretion
induces oxidative stress injury, which deteriorates the
NF-κB-related signalling cascade. In addition, excessive

WJG|www.wjgnet.com

TNF-α production stimulates Bcl-2 family activation to
release cytochrome C, leading to caspase-3 activation
and hepatocyte damage. DHI administration prior
to LPS alleviated acute liver injury through its antioxidative capacity and anti-inflammatory effects by
inhibiting NF-κB pathway activation and through its
anti-apoptotic effect by balancing Bcl-2 and Bax levels
(Figure 8).
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underlying mechanisms.
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The results of the present study highlighted the protective effect of DHI on LPSinduced liver injury. It may be a potent drug for developing new therapeutic
treatments for liver diseases.
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bacteria and their products.
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and Carthanmus tinctorius extract (Danhong injection, DHI) protected from
LPS-induced hepatic injury depending upon anti-inflammation, anti-oxidation
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for liver diseases.
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ORIGINAL ARTICLE
Basic Study

Mechanisms of pyruvate kinase M2 isoform inhibits cell
motility in hepatocellular carcinoma cells
Yan-Ling Chen, Jun-Jiao Song, Xiao-Chun Chen, Wei Xu, Qiang Zhi, Yun-Peng Liu, Hong-Zhi Xu, Jin-Shui Pan,
Jian-Lin Ren, Bayasi Guleng

Abstract

Yan-Ling Chen, Jun-Jiao Song, Xiao-Chun Chen, Wei Xu,
Qiang Zhi, Yun-Peng Liu, Hong-Zhi Xu, Jin-Shui Pan, JianLin Ren, Bayasi Guleng, Department of Gastroenterology,
Zhongshan Hospital affiliated to Xiamen University, Xiamen
361004, Fujian Province, China

AIM: To investigate biological mechanisms underlying
pyruvate kinase M2 isoform (PKM2) regulation of cell
migration and invasion in hepatocellular carcinoma
cells.
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and Liu YP carried out the study; Xu HZ and Pan JS contributed
new reagents and annalytic tools; Chen YL, Song JJ and Liu YP
analyzed the data; Liu YP and Guleng B wrote the paper.

METHODS: HepG2 and Huh-7 hepatoce l lular
carcinoma cell lines were stably transfected and cultured
in DMEM (HyClone, Logan, UT, United States). To
investigate the effects of PKM2 on cellular proliferation,
hepatocellular carcinoma cells were subjected to
the Cell Counting Kit-8 (Dojindo, Kamimashiki-gun,
Kumamoto, Japan). And investigate the effects of
PKM2 on cell signal pathway related with migration
and invasion, Western immunoblotting were used to
find out the differential proteins. All the antibody used
was purchaseed from Cell Signal Technology. In order
to explore cell motility used Transwell invasion and
wound healing assays. The transwell plate with 0.5
mg/mL collagen type Ⅰ (BD Bioscience, San Jose, CA)coated filters. The wound-healing assay was performed
in 6-well plates. Total RNA was extracted using TRIzol
reagent (Invitrogen, CA, United States) and then
reverse transcription was conducted. Quantitative
reverse transcription-polymerase chain reaction (PCR)
analysis was performed with the ABI 7500 real-time
PCR system (Applied Biosystems). We further use
digital gene expression tag profiling and identification
of differentially expressed genes.
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RESULTS: The cells seeded in four 96-well plates were
measured OD450 by conducted Cell Counting Kit-8.
From this conduction we observed that both HepG2
and Huh-7 hepatocellular carcinoma cells with silenced
PKM2 turn on a proliferate inhibition; however, cell
migration and invasion were enhanced compared with
the control upon stimulation with epidermal growth
factor (EGF). Our results indicate that the knockdown
of PKM2 decreased the expression of E-cadherin
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and enhanced the activity of the EGF/EGFR signaling
pathway, furthermore up-regulate the subsequent
signal molecular the PLCγ1 and extracellular signalregulated kinase 1/2 expression in the hepatocellular
carcinoma cell lines HepG2 and Huh-7, which regulates
cell motility. These variations we observed were due to
the activation of the transforming growth factor beta
(TGFβ) signaling pathway after PKM2 knockdown. We
also found that the expression of TGFBRI was increased
and the phosphorylation of Smad2 was enhanced.
Taken together, our findings demonstrate that PKM2
can regulate cell motility through the EGF/EGFR and
TGFβ/TGFR signaling pathways in hepatocellular
carcinoma cells.

have shown that cancer cells exclusively express
[4,5]
PKM2 , which has been shown to be essential for
aerobic glycolysis in tumors (Warburg effect). Over the
years, significant advancements have been made in
understanding the function and regulation of PKM2 as
[6]
a pyruvate kinase and protein kinase in cancer cells .
A recent study confirmed that the PKM2 induced by
epidermal growth factor (EGF) translocates into the
nucleus of glioblastoma cells, interacts with β-catenin
and leads to cyclinD1 expression, which promotes cell
[7]
proliferation and tumorigenesis . These findings reveal
a novel role for PKM2 as a transcriptional coactivator.
However, there are some controversies regarding the
specificity and potential of PKM2 as an anti-cancer
target in cancer therapy. We previously reported that
pyruvate kinase M2 plays a dual role in the regulation
[8]
of tumor progression ; however, the mechanism of
this effect is unclear.
Previous studies regarding PKM2 have focused
on tumor metabolism and tumor growth; only a few
reports have focused on tumor metastasis. E-cadherin
plays a critical role in maintaining epithelial integrity,
and the loss of E-cadherin affects the adhesive
[9]
repertoire of a cell . Previous in vitro studies have
shown that the loss of E-cadherin in human carcinoma
cell lines is associated with poor differentiation and
[10]
a fibroblastoid morphology . The EGF-dependent
activation of the EGFR has been reported to be
inhibited in an E-cadherin adhesion-dependent
manner, which inhibits the ligand-dependent activation
[11]
of diverse receptor tyrosine kinases .
Transforming growth factor beta (TGFβ) is a
cytokine that regulates multiple cellular responses,
including inhibition of cell proliferation and induction
[12,13]
of differentiation, senescence, and apoptosis
.
Its actions are mediated by binding to the serine/
threonine kinase receptor TGFBRⅡ , which recruits
and activates TGFBRI. In turn, TGFBRI phosphorylates
downstream targets, including the proteins SMAD2 and
SMAD3, which translocate to the nucleus in a complex
with the common mediator SMAD4 to regulate the
[14,15]
transcription of target genes
. TGFβ1 promotes
progression of hepatoma cells by enhancing the (EMT),
[16]
cell migration, and invasion .
Our research demonstrated that the knockdown
of PKM2 decreased the expression of E-cadherin and
enhanced the EGF/EGFR signaling pathway to promote
cell migration and invasion in the hepatocellular
carcinoma cell lines HepG2 and Huh-7, which were
positive for E-cadherin expression. Meanwhile, the
expression levels of TGFBRI and phospho-Smad2
were upregulated when PKM2 was knocked down.
The TGFβ/Smad signaling pathway regulates the EMT.
Thus, PKM2 may be an important link between EGF
and the TGFβ pathway in hepatocellular carcinoma cell
migration and invasion. The aim of this study was to
elucidate the function and mechanism of PKM2 with
regard to cell metastasis in hepatocellular carcinoma
cell lines.

CONCLUSION: PKM2 play different roles in modulating
the proliferation and metastasis of hepatocellular
carcinoma cells, and this finding could help to guide the
future targeted therapies.
Key words: Pyruvate kinase; Migration; Epidermal
growth factor/EGFR signaling pathway; Transforming
growth factor beta signaling pathway; Hepatocellular
carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study is to explore the effects
of pyruvate kinase M2 (PKM2) on motility of human
hepatocellular carcinoma cells. Here, our results
revealed that silenced PKM2 activated the epidermal
growth factor (EGF)/EGFR and transforming growth
factor beta (TGFβ)/TGFR signaling pathways, in
addition, up-regulate the expression of downstream
targets, and this is the first research to connect PKM2
with the vital EGF and TGFβ pathways in hepatocellular
carcinoma cell motility.
Chen YL, Song JJ, Chen XC, Xu W, Zhi Q, Liu YP, Xu HZ,
Pan JS, Ren JL, Guleng B. Mechanisms of pyruvate kinase M2
isoform inhibits cell motility in hepatocellular carcinoma cells.
World J Gastroenterol 2015; 21(30): 9093-9102 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i30/9093.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i30.9093

INTRODUCTION
Pyruvate kinase (PK) mediates the final rate-limiting
step of glycolysis by catalyzing the dephosphorylation
of phosphoenolpyruvate (PEP) to pyruvate to yield
[1]
one molecule of ATP . Mammalian cells have four
pyruvate kinase isoenzymes (M1, M2, L, and R), which
are selectively expressed in different types of cells
[2]
and tissues . In mammals, the M1 isoform (PKM1)
is expressed in most adult tissues. The M2 isoform
(PKM2), an alternatively spliced variant of M1, is
[3]
expressed during embryonic development . Studies
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Table 1 Sequences of the primers used in quantitative polymerase chain reaction
Gene
PKM2
GAPDH
CDH2
MMP1
MMP9
S100P
TGFBRI
RHOG
RHOA
RHOB
NFKB2
TIMP2
VIM
RAC1
RAC2
Serpine1
KRT19
CDH1

Forward primer sequence (5’-3’)

Reverse primer sequence (5’-3’)

ATGGCTGACACATTCCTGGAGC
GTCTCCTCTGACTTCAACAGCG
CCTCCAGAGTTTACTGCCATGAC
ATGAAGCAGCCCAGATGTGGAG
GCCACTACTGTGCCTTTGAGTC
CTCAAGGTGCTGATGGAGAAGG
GACAACGTCAGGTTCTGGCTCA
CTGCTACACAACTAACGCTTTCC
TCTGTCCCAACGTGCCCATCAT
ACATTGAGGTGGACGGCAAGCA
GGCAGACCAGTGTCATTGAGCA
ACCCTCTGTGACTTCATCGTGC
AGGCAAAGCAGGAGTCCACTGA
CGGTGAATCTGGGCTTATGGGA
CAGCCAATGTGATGGTGGACAG
CTCATCAGCCACTGGAAAGGCA
AGCTAGAGGTGAAGATCCGCGA
GCCTCCTGAAAAGAGAGTGGAAG

CCTTCAACGTCTCCACTGATCG
ACCACCCTGTTGCTGTAGCCAA
GTAGGATCTCCGCCACTGATTC
TGGTCCACATCTGCTCTTGGCA
CCCTCAGAGAATCGCCAGTACT
GAACTCACTGAAGTCCACCTGG
CCGCCACTTTCCTCTCCAAACT
AGAGTGTACGGAGGCGGTCATA
CTGCCTTCTTCAGGTTTCACCG
CTGTCCACCGAGAAGCACATGA
CAGCAGAAAGCTCACCACACTC
GGAGATGTAGCACGGGATCATG
ATCTGGCGTTCCAGGGACTCAT
GGAGGTTATATCCTTACCGTACG
GGAGAAGCAGATGAGGAAGACG
GACTCGTGAAGTCAGCCTGAAAC
GCAGGACAATCCTGGAGTTCTC
TGGCAGTGTCTCTCCAAATCCG

or pcPUR + U6-siRenilla (control) and selected as
puromycin-resistant clones. Western blot analysis was
performed to confirm the suppression of PKM2.

MATERIALS AND METHODS
Cell culture conditions and transfection

The human hepatocellular carcinoma cell lines HepG2
and Huh-7 were cultured in DMEM (HyClone, Logan,
UT, United States). All cells were cultured in medium
containing 10% fetal bovine serum (FBS) (Gibco,
Detroit, MI, United States) and 100 IU/mL penicillinstreptomycin at 37  ℃ in a 5% CO 2 humidified
atmosphere. The human hepatocellular carcinoma
cell lines HepG2 and Huh-7 were obtained from the
American Type Culture Collection (ATCC, United
States). HepG2 and Huh-7 cells were transfected with
the siPKM2 (pcPUR + U6-siPKM2) or the PU6 (pcPUR
+ U6-siRenilla) plasmid using FuGENE HD (Roche,
Indianapolis, IN). Puromycin (0.1 µg/mL) was used to
screen for stably transfected clones. The expression
of the PKM2 protein was examined via Western blot
analysis using an antibody against PKM2 to validate
the ability of the constructs to inhibit target gene
expression; these experiments were repeated three
times. The cell cultures were made quiescent by
growing them to confluence, and the medium was
replaced with fresh medium containing 0.5% serum
for 1 d. EGF (50 ng/mL final concentration) and TGFβ1
(20 ng/mL final concentration) were used for cell
stimulation and were obtained from Cell Signaling
Technology, Inc.

Protein extraction and Western blot analysis

The cells were re-suspended in lysis buffer containing
a protease inhibitor cocktail, and the extracted proteins
were separated using 8%-10% SDS-PAGE gels.
β-tubulin was used as a loading control. Antibodies
against E-cadherin, N-cadherin, RHOG, and MMP1
were obtained from Epitomics. The phospho-EGFR
(Tyr1068), phospho-PLCγ1 (Tyr783), phospho-ERK1/2
(Thr202/Tyr204), phospho-Smad2 (Ser465/467),
Smad2, TGFBRI and S100P antibodies were obtained
from Cell Signaling Technology.

RNA extraction, reverse transcription, and real-time
polymerase chain reaction

Total RNA was extracted using TRIzol reagent (Invi
trogen, CA, United States). The samples were then
treated with DNase for 15 min at room temperature,
and the RNA was further purified using an RNA
cleanup kit (Qiagen, CA, United States). The reverse
transcription (RT) reaction for first-strand cDNA
synthesis was performed using reverse transcriptase
(Bio-Rad) with 2 µg of total RNA. Quantitative RTpolymerase chain reaction (PCR) analysis was
performed with the ABI 7500 real-time PCR system
(Applied Biosystems), and the gene expression levels
for each individual sample were normalized to GAPDH.
The mean relative gene expression was determined,
-ΔΔCt
and differences were calculated using the 2
method.
The RT-PCR primer sequences are listed in Table 1.

Stable knockdown of PKM2 and transient transfection

A plasmid containing an RNA interference sequence
that targeted the PKM2 gene was constructed.
The sense oligo for the siPKM2 sequence was
5′-CACCGCGGCAAGATTTATGTGGAACGTGTGCTGTCC G TTC C A C G TA G ATC TTG C TG C TTTTT- 3 ′ , a n d
the antisense oligo was 5′-GCATAAAAAGCAG C A A G ATC TA C G TG G A A C G G A C A G C A C A C G TTCCACATAAATCTTGCCGC-3′. The HepG2 and Huh-7
cells were transfected with pcPUR + U6-siPKM2
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Cell proliferation assay

Cell proliferation was measured using the Cell Counting
Kit-8 (Dojindo, Kamimashiki-gun, Kumamoto, Japan)
according to the manufacturer’s instructions. Brieﬂy,
the cells were seeded in four 96-well plates at a
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3

[17]

density of 2 × 10 cells/well. One plate was removed
at the same time every day after the cells had adhered
to the wells. The absorbance was measured with a
microplate reader at a wavelength of 450 nm. All
experiments were performed in triplicate.

clean tags (TPM) , which is a standard method and
[18]
is extensively used in DGE analysis . The threshold
of the P value in multiple tests and analyses was
determined by the false discovery rate (FDR). A
combination of FDR < 0.001 and the absolute value
of log2-Ratio ≥ 1 were used as the threshold to
determine the significance of differences in gene
expression.

Transwell invasion and wound healing assays

The transwell invasion assays were performed with
8.0-µm-pore inserts in a 24-well transwell plate. The
basement membrane was hydrated with 500 µL of
serum-free DMEM 30 min before use. For the invasion
assay, the liver cancer cell lines were added to the
upper chamber of the transwell plate with 0.5 mg/
mL collagen type Ⅰ (BD Bioscience, San Jose, CA)coated filters. DMEM containing 10% fetal bovine
serum and 1% penicillin/streptomycin was added to
the lower chamber. The HepG2 and Huh-7 cells were
incubated for 36 h. The invading cells were quantified
after gentian violet staining. Each experiment was
performed in triplicate, and the data are expressed
as the mean values. The wound-healing assay was
performed in 6-well plates. Tumor cells in medium
containing 10% FBS were seeded into 6-well plates
(Corning, CA). The cell cultures were made quiescent
by growing them to confluence, and the medium
was replaced with fresh medium containing 0.5%
serum for 1 d. Wounds were made in the monolayer
with sterile pipette tips. Then, EGF (50 ng/mL final
concentration) was used for cell stimulation. The cells
were subsequently washed with PBS and refreshed
with medium containing 10% FBS. Photographs were
taken at 0 and 24 h. All experiments were performed
in triplicate.

Statistical analysis

Statistical analyses were performed using SPSS v13.0
(SPSS, Inc.) software. The independent samples t-test
and correlation analysis were used to compare the
data. All values are expressed as the mean ± SD. The
differences were considered statistically significant at P
< 0.05.

RESULTS
Depletion of PKM2 suppressed the proliferation of
HepG2 and Huh-7 cells

The expression of the PKM2 protein in the hepatoma
cell lines HepG2 and Huh-7 as well as normal human
liver L02 cells was evaluated using Western blot and
real-time PCR analysis. Hepatoma cells showed a
higher level of PKM2 expression than normal human
liver L02 cells. Next, stable HepG2 and Huh-7 cells
with altered PKM2 expression were established using
RNA interference (PKM2 knockdown). As shown in
Figure 1A and B, PKM2 knockdown was successfully
achieved in the HepG2 and Huh-7 cells. We observed
that the proliferation of these cells was decreased after
PKM2 was depleted (Figure 1C and D). These results
are in agreement with previous studies.

Digital gene expression tag profiling and identification
of differentially expressed genes

Depletion of PKM2 promoted cell migration and invasion
of HepG2 and Huh-7 cells stimulated with EGF

Total RNA was isolated from each sample of HepG2pu6 and HepG2-siPK cells using TRIzol reagent
(Invitrogen). A total of 20 µg of RNA was purified by
adsorption onto biotin oligo(dT) magnetic beads. After
mRNA binding, cDNA synthesis was performed. Doublestranded cDNA was digested with NlaⅢ endonuclease
to produce fragments containing CATG sites with
adjacent poly (A) tails at the 3′ end. After precipitation
of the 3′ cDNA fragments, Illumina adaptor 1 was
added to the 5′ ends of the fragments. Both adaptor 1
and the CATG site can be recognized by MmeI, which
cuts downstream of the CATG site to produce 17-bp
fragments tagged with adaptor 1. Adaptor 2 was
then added to the 3′ end of these tagged fragments
after removal of the poly(A) tail using biotin oligo(dT)
beads. Then, these sequences were prepared for
Solexa sequencing, and two samples were separately
submitted to digital gene expression (DGE) profiling
based on Solexa sequencing.
The expression level of each gene was estimated
based on the frequency of clean tags and subsequently
normalized to the number of transcripts per million
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To examine the effect of PKM2 on cell migration and
invasion, we employed well-established wound-healing
and transwell assays to characterize the cell motility
response in HepG2 and Huh-7 cells. A confluent layer
of cells was first incubated overnight in medium, and a
scratch wound was introduced. Medium containing EGF
(50 ng/mL) was then added to stimulate migration,
and the percentage of wound sealing was observed
after 24 h. The invading cells were quantified 36 h after
EGF (50 ng/mL) was added to the lower chamber. The
results indicate that the treatment of HepG2-siPK and
Huh-7-siPK cells with EGF following a scratch wound
and in a transwell assay significantly increased the rate
of wound healing (Figure 2A and B) and invasion (Figure
1C and D), respectively, compared with the control
cells.

Transcriptomic landscape of hepatoma cell lines were
revealed and verification

To investigate the mechanisms underlying changes in
cell migration and invasion after PKM2 knockdown, we
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Figure 1 Knockdown of pyruvate kinase M2 isoform suppressed cell proliferation in HepG2 and Huh-7 cells. A: HepG2 and Huh-7 cells were stably
transfected with shRNA directed against pyruvate kinase M2 isoform (PKM2). The specific knockdown of PKM2 was monitored by immunoblot (bottom). Cells stably
transfected with pcPUR + U6-siPKM2 are referred to as siPK, and those transfected with pcPUR + U6-siRenilla are referred to as pu6; B: PKM2 expression levels
were analyzed by quantitative real-time PCR in stable HepG2 and Huh-7 cells. Error bars represent the mean ± SD of triplicate experiments ( aP < 0.05 between
groups); C and D: Proliferation of the stably transfected cells. The cell number was determined with the CCK-8 assay, and the relative number of cells is shown.

examined the transcriptomic landscape of hepatoma
cell lines through mRNA sequencing. To determine
the genes and transcripts that were differentially
expressed between the HepG2 and HepG2-siPK cells,
univariate F-tests were performed. We identified 2100
transcripts that were differentially expressed between
the two cell lines. Among the identified transcripts,
450 transcripts were more highly abundant (i.e.,
were upregulated) in the HepG2-siPK cells, while
1650 showed lower relative abundance (i.e., were
downregulated) in the HepG2 cells (Figure 3A). Cell
migration- and invasion-related genes were selected
for further statistical analysis (Figure 3B). The mRNA
sequence analysis was validated by experimental
confirmation of the levels of differentially expressed
transcripts in HepG2 and HepG2-sipk cells. We used
qRT-PCR to validate the expression levels of 16
transcripts, and we observed a high correlation and a
similar expression trend between the mRNA-sequence
based abundance estimation and the results of qRTPCR assays (Figure 3C). Protein expression levels were
examined by western blot analysis (Figure 3D). Protein
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expression analysis further confirmed the accuracy of
the gene expression levels.

Depletion of PKM2 enhanced the activities of the EGF/
EGFR and TGFβ 1/TGFBR signaling pathways

Cell migration and invasion are largely regulated
by EGFR activity. To analyze whether the EGFR is
involved in the migration and invasion of HepG2
and Huh-7 cells, these cells were treated with EGF,
which binds to the EGFR and activates downstream
signaling pathways. Treatment with EGF resulted in
the phosphorylation of the EGFR and the subsequent
activation of the PLCγ1 and ERK1/2 pathways (Figure
4A). We found that PLCγ1 showed a higher level of
activity in PKM2-depleted cells than in control cells
after either a short or long (24 h) incubation with EGF.
PLCγ is a key regulator of cell migration downstream of
[19]
RTK signaling . Phosphorylation of tyrosine residue
[20]
783 of PLCγ1 is critical to its activation . PLCγ1
activation enhanced cell motility, and this effect was
observed in both the wound scratch and transwell
assays.
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Figure 2 Knockdown of pyruvate kinase M2 isoform promoted the migration and invasion of HepG2 and Huh-7 cells upon epidermal growth factor
stimulation. A: A cross-shaped wound was created in the monolayer, and stably transfected HepG2 and Huh-7 cells were cultured for an additional 24 h with
epidermal growth factor (EGF) (50 ng/mL). Representative images of the wounded region are shown; B: The results of the migration assay are also shown as graphs (aP
< 0.05); C: The invasion potential of the HepG2 and Huh-7 stable cells was assessed using the BD transwell chamber assay with 50 ng/mL EGF in the lower chamber
for 36 h. The cells that migrated to the lower side of the filter were stained, photographed, and counted; D: The data are expressed as the mean ± SD from three
independent experiments, aP < 0.05 between groups.

The EGF-dependent activation of the EGFR
has been reported to be inhibited in an E-cadherin
adhesion-dependent manner. Indeed, E-cadherin
adhesion inhibits the ligand-dependent activation of
diverse receptor tyrosine kinases. To confirm the role
of E-cadherin in the activation of EGFR, we used RNA
interference to silence E-cadherin gene expression
and subsequently observed the level of EGFR
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phosphorylation in HepG2 cells. We found that the
EGFR phosphorylation level was significantly higher
when E-cadherin was silenced (Figure 4B). Thus, PKM2
affected the expression level of E-cadherin, thereby
regulating the activation of EGFR.
We next investigated the effect of an EGFR ligand
on the expression of MMPs using RT-PCR in HepG2sipk and Huh-7-sipk cells compared with their
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Figure 4 Depletion of pyruvate kinase M2 enhanced the activities of the epidermal growth factor/EGFR and transforming growth factor beta 1/TGFBR
downstream signaling pathways. A: Stable HepG2 and Huh-7 cells were exposed to epidermal growth factor (EGF) (50 ng/mL) for different times. Western blots of
the cell lysates are shown. The protein levels of phospho-EGFR (Tyr1068), phospho-PLCγ1 (Tyr783), and phospho-ERK1/2 (Thr202/Tyr204) are shown as indicated; B: The
expression of E-cadherin was knocked down in HepG2 and Huh-7 cells by transient transfection of siRNA, and after 48 h, these cells were stimulated with EGF (50
ng/mL). The protein levels of phospho-EGFR (Tyr1068) and phospho-ERK1/2 (Thr202/Tyr204) are shown as indicated; C and D: MMP1 expression levels were analyzed
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(20 ng/mL). The protein levels of phospho-Smad2 (Ser465/467) are shown as indicated.
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respective control cells. Treatment with the EGFR
ligand EGF enhanced the transcription of MMPs in
HepG2 and Huh-7 cells. MMP1 (Figure 4C and D)
expression was upregulated in PKM2-depleted cells
upon EGF treatment.
In previous experiments, we found that the expres
sion of TGFBRI increased after PKM2 knockdown
(Figure 3). We examined the level of Smad2 phospho
rylation by immunoblot analysis in PKM2 knockdown
cells and the respective control cells (HepG2 and
Huh-7). We found that the Smad2/3 phosphorylation
level was significantly higher when PKM2 was knocked
down (Figure 4E). Next, we used RNA interference to
silence TGFBRI gene expression, and we observed that
the level of Smad2 phosphorylation was significantly
decreased in PKM2 knockdown cells (Figure 4F). These
results show that PKM2 is a new modulator of hepatic
cell motility and invasiveness that functions through
the TGFβ pathway.

was depleted. The knockdown of PKM2 promoted
cell migration and invasion in HepG2 and Huh-7 cells
with EGF stimulation. Increased activity of the EGFR
is the critical factor determining the cell motility and
invasiveness of HepG2 and Huh-7 cells. The EGFdependent activation of the EGFR has been reported
to be inhibited in an E-cadherin adhesion-dependent
manner, which inhibits the ligand-dependent activation
of diverse receptor tyrosine kinases. We hypothesized
that the downregulation of E-cadherin expression
enhanced the phosphorylation of the EGFR and
activated downstream signaling pathways, including
PLCγ1 and ERK1/2. PLCγ activation enhances cell
motility, and ERK1/2 activity plays a critical role
in MMP1 and MMP9 expression. In addition, the
expression levels of TGFBRI and phospho-Smad2
were upregulated when PKM2 was knocked down.
The process of EMT is regulated by the TGFβ/Smad
signal pathway. PKM2 may be an important link
between EGF and the TGFβ pathway in hepatocellular
carcinoma cell migration and invasion. Thus, PKM2
may play a novel role in the reversible inhibition of
cell motility and invasion. The biological role of PKM2
in the development of these tumors must be further
elucidated.

DISCUSSION
The invasive and metastatic stage of cancer pro
gression correlates with poor clinical prognosis and
represents the most formidable barrier to successful
[21]
treatment . Cell motility and invasiveness are
the defining characteristics of malignant tumors,
which enable tumor cells to migrate into adjacent
tissues or through limiting basement membranes
and extracellular matrices. Cell motility is required
for the physiological processes of wound repair and
organogenesis and for the pathological process
[22]
of tumor invasion . Invasive tumor cells are
characterized by dysregulated cell motility in response
to extracellular signals from growth factors and
[23]
cytokines . Human tumors express high levels of
growth factors and their receptors, and many types
of malignant cells appear to exhibit autocrine- or
paracrine-stimulated growth. Among the most wellstudied growth factor receptor systems is the EGF
[24]
receptor family . At least two distinct intracellular
signaling pathways are required for EGFR-mediated
cell motility: the PLCγ and the MAP kinase pathways.
PLCγ activity has been proposed to enhance cell
motility through the mobilization of actin-modifying
proteins from an inactive (membrane-associated) state
[25]
to an active (sub-membrane cytoskeletal) state .
The Erk MAP kinases transmit signals to the
nucleus as well as signals that regulate cell-matrix
[26]
connections . ERK/MAPK pathways play critical roles
[27]
in EGFR ligand-induced MMP1 expression , and
sustained ERK phosphorylation is necessary for MMP-9
[28,29]
regulation
. MMPs have been suggested to serve as
key regulators of tumor growth and metastasis based
[30]
on their enzymatic properties .
We observed downregulation of E-cadherin mRNA
expression the N-cadherin protein expression level
was increased in the HepG2 cell line when PKM2
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COMMENTS
COMMENTS
Background

Studies have shown that cancer cells exclusively express pyruvate kinase M2
isoform (PKM2). Over the years, significant advancements have been made in
understanding the function and regulation of PKM2 as a pyruvate kinase and
protein kinase in cancer cells.

Research frontiers

Recently many findings reveal a novel role for PKM2 as a transcriptional
coactivator. However, there are more unknown mechanism need to be explored.

Innovations and breakthroughs

There are some controversies regarding the specificity and potential of PKM2
as an anti-cancer target in cancer therapy. The authors found that PKM2
may be an important link between epidermal growth factor (EGF) and the
transforming growth factor beta (TGFβ) pathway in hepatocellular carcinoma
cell migration and invasion. PKM2 may be act as an inhibitor in cell motility.

Applications

PKM2 may play different roles in modulating the metastasis of hepatocellular
carcinoma cells, and this finding could help to guide the development of future
targeted therapies. The results of our study reveal that PKM2 may be an
important link between the EGF and TGFβ pathways during hepatocellular
carcinoma cell migration and invasion.

Terminology

Pyruvate kinase mediates the final rate-limiting step of glycolysis by catalyzing
the dephosphorylation of phosphoenolpyruvate to pyruvate to yield one
molecule of ATP.

Peer-review

The authors mainly concentrate on to explore the mechanisms of PKM2 inhibits
motility in hepatocellular carcinoma cells. Their findings show that PKM2
can regulate cell motility through the EGF/EGFR and TGFβ/TGFR signaling
pathways. And this finding could help to guide the future targeted therapies.
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Abstract
AIM: To evaluate the serum levels of endozepine-4, their
relation with ammonia serum levels, the grading of coma
and the severity of cirrhosis, in patients with hepatic
coma.

Institutional review board statement: The study was reviewed
and approved by the Hospital Cannizzaro of Catania Institutional
Review Board.

METHODS: In this study we included 20 subjects
with Hepatic coma, 20 subjects with minimal hepatic
encephalopathy (MHE) and 20 subjects control. All
subjects underwent blood analysis, Child Pugh and
Model for End - stage liver disease (MELD) assessment,
endozepine-4 analysis.

Informed consent statement: All the legal guardian of study
participants, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: No potential conflicts of interest
relevant to this article were reported.

RESULTS: Subjects with hepatic coma showed
significant difference in endozepine-4 (P < 0.001) and
NH3 levels (P < 0.001) compared both to MHE and
controls patients. Between NH3 and endozepine-4 we
observed a significant correlation (P = 0.009; Pearson
correlation 0.570). There was a significant correlation
between endozepine-4 and MELD (P = 0.017; Pearson

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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correlation = 0.529). In our study blood ammonia
concentration was noted to be raised in patients with
hepatic coma, with the highest ammonia levels being
found in those who were comatose. We also found a
high correlation between endozepine-4 and ammonia
(P < 0.001). In patients with grade Ⅳ hepatic coma,
endozepine levels were significantly higher compared
to other groups.

metabolized by the failing liver and ammonia. Ammonia
is not only related to a decreased general brain
metabolism, but also to its ability to damage astrocytes.
Moreover ammonia which rises in HE has been
demonstrated to exert a glutamate-related neurotoxicity
which in turn may alter the γ-aminobutyric acid (GABA)A
[7]
receptor system . Endogenous compounds acting at
the benzodiazepine (BZD) receptor and found within
the central nervous system (CNS) have been termed
[8,9]
and are called here endozepines . Endozepines are
a class of non-benzodiazepine, non-protein molecules,
recently found to act as positive allosteric modulators
of GABAA receptors and mimicking the pharmacological
activity of exogenous benzodiazepines. The endozepines
are distributed in different parts of nervous system
such as glial cells, cerebellum, amigdala, hippocampus,
[10]
hypothalamus, and substantia nigra , but they are
also found in peripheral organs, in particular liver,
[11-13]
kidneys, adrenal glands and testis
and in some
cells (platelets, lymphocytes, mononuclear cells,
[14,15]
endothelium, vascular smooth muscle, mast cells)
.
Consistent with their blood distribution endozepines
appear to exert multiple biological activities such as
modulation of melanotropin release and stimulation of
[16-18]
steroid synthesis
.
The involvement of the GABAA receptor system
in HE, demonstrated in the 1980s, was considered
likely when specific BZD receptor antagonists were
shown to revert the symptoms of HE in animal models
[19,20]
and in patients
. Endozepine-4, an endogenous
ligand for the benzodiazepine recognition site of the
GABAA receptor, may play an important role in the
pathogenesis of HE and can be useful in the monitoring
[21,22]
of patients with hepatic coma
. The purpose
of this study was to evaluate the serum levels of
endozepine-4, the relation with ammonia serum levels,
the grading of coma and the severity of cirrhosis.

CONCLUSION: This study suggests that an increased
level of endozepine in subjects with higher levels of
MELD was observed. In conclusion, data concerning
involvement of the GABA-ergic system in HE coma
could be explained by stage-specific alterations.
Key words: Endozepine-4; Hepatic encephalopathy;
Hepatic coma; Cirrhosis, Benzodiazepine; Peripheral
benzodiazepine receptor; Model for End - stage liver
disease; Glutamate-related neurotoxicity which in turn
may alter the γ-aminobutyric acid
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endozepine-4 is an endogenous ligand for the
benzodiazepine recognition site of the glutamate-related
neurotoxicity which in turn may alter the γ-aminobutyric
acid (GABA) A receptor. Endozepine-4, may play
an important role in the pathogenesis of hepatic
encephalopathy (HE). The pathogenesis of HE has been
viewed as a multifactorial etiology, but ammonia has
a pivotal role in the genesis of the disease. Ammonia
exerts a GABAA receptor system Involvement of the
GABA-ergic system in HE coma could be due to stagespecific alterations.
Malaguarnera G, Vacante M, Drago F, Bertino G, Motta M,
Giordano M, Malaguarnera M. Endozepine-4 levels are increased
in hepatic coma. World J Gastroenterol 2015; 21(30): 9103-9110
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i30/9103.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i30.9103

MATERIALS AND METHODS
Twenty patients (age, range 41-65, mean 48 ± 10.8)
referred to our department with a history of severe
HE at stage Ⅳ according of the West Haven criteria
were enrolled. Twenty healthy subjects (10 men and
10 women, mean age 49 ± 10.2 years, range 35-64
years) were also included in the study. All of them
were clinically examined to exclude both neurological
[23,24]
and liver disorders
.
Twenty patients with minimal hepatic encepha
lopathy (MHE) (19 men and 9 women, mean age
48.2 years, range 34-65 years) were included in the
study. The diagnosis of MHE has been made with
psychometric and neurophysiological measures. All
patients were evaluated with psychometric hepatic
encephalopathy score (PHES). This battery consist
of five tests: the number connection test A and B,
digit symbol test, serial dotting test and line tracing
[25-27]
test
. The PHES was also administered to normal
subjects to exclude cognitive dysfunction. All subjects

INTRODUCTION
Hepatic encephalopathy (HE) is a neuropsychiatry
syndrome that covers a wide range of disturbances
in which cerebral function deteriorates due to failure
in liver function. Features of HE may include manife
stations of extrapyramidal dysfunction, such as
hypomimia, muscular rigidity, bradykinesia, hypokinesia,
[1]
monotony of speech, and a Parkinson-like tremor . The
pathogenesis of HE has been viewed as a multifactorial
etiology, but ammonia has a pivotal role in the genesis
[2,3]
of the disease .
Brain oedema is observed in HE and recent reports
[4-6]
showed the presence of cerebral swelling . HE is a
consequence of extracellular fluids of toxic products not
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gave the informed consent.
The diagnosis of liver cirrhosis was based on
biochemical tests on liver cirrhosis and on liver
biopsy. This protocol was reviewed and accepted
by the Medical Ethics Committee of our institution.
Informed consent was obtained from the patients’
relatives. Patients enrolled and Exclusion criteria were
as follows: (1) intake of synthetic benzodiazepines
or other sedative drugs in the previous 12 d; (2)
alcohol abuse in the previous 10 d; (3) uncontrolled
diabetes mellitus; (4) final-stage severe kidney failure,
as defined by a BUN > 90 mg/dL and/or serum
creatinine > 4 mg/dL; (5) severe respiratory failure,
as defined by PO2 < 60 mmHg and/or PCO2 < 50
mmHg; (6) acidosis, with blood pH < 7.30; (7) preexisting neurological disease; (8) heart failure; (9)
hemodynamic instability; (10) intake of any drug for
the specific treatment of HE in the previous 24 h (except
lactulose); (11) endocrine diseases; and (12) refusal
to sign informed consent by patients’ relative. The
neurological assessment was conducted taking into
consideration the following parameters: verbal ability,
eye opening, pupillary light reflex, corneal reflex,
spontaneous eye movements, oculocephalix reflex,
motor response, and pattern of respiration.

concentration, prothrombin time and partial trom
boplastin time).

Child pugh and model for end-stage liver disease scores

The Child-Pugh score was determined to assess the
severity of cirrhosis, including 3 biochemical variables
(serum albumin, bilirubin, and prothrombin time)
and 2 clinical characteristics (presence or absence of
ascites and clinical HE). A patient had Child-Pugh score
A cirrhosis if the score was < 6 points, Child-Pugh B
cirrhosis if the score was 7-9 points, and Child-Pugh C
cirrhosis if the score was > 9 points. Patients without
[28]
signs of ascites were scored as 2 points for ascites .
The Model for End - stage Liver Disease (MELD) scale
is a reliable measure of mortality risk in patients with
end-stage liver disease. The score was calculated by
the formula 9.6 × log (creatinine mg/dL) + 3.8 × [log
(bilirubin mg/dL) + 11.2 × log (INR) + 6.4 × cause of
cirrhosis (0 if alcoholic or cholestatic liver disease, 1 if
[29]
otherwise) .

Venous ammonia concentration

Serum levels of ammonia were evaluated by an
enzymatic method employing glutamate dehydro
genase in a rapid and interference-free photometric
determination (340 nm) of NH4+ in blood plasma
[30]
according to the De Fonseca - Wollheim method .
Within 15 min from withdrawal, the blood sample was
frozen (-20 ℃) for later determination of NH4+.

Clinical grading of coma

We used the Glasgow (23-24) coma scale (score
range, 3-13) to evaluate the following parameters:
(1) eye response: 1 = no response; 2 = open in
response to pain; 3 = open under verbal command;
4 = open without a stimulus; (2) motor response: 1
= no response; 2 = extension in response to pain; 3
= flexion in response to pain; 4 = appropriate motor
response to pain; 5 = execution of commands; and
(3) verbal response: 1 = no response; 2 = grunting
in response to pain; 3 = noncoherent speech; 4
= understandable speech. The minimum and the
maximum score were respectively 3 and 13.

Endozepine-4 assessment

Serum sample was collected and stored at -70 ℃
until analysis. One millilitre of serum was extracted
with 1 mL of chloroform, the lower organic phase
was then collected, dried by vacuum centrifugation,
then reconstituted with 500 mL of distilled deionized
[31]
water containing 0.1% trifluoroacetic acid . Samples
were then injected onto a high-pressure liquid
chromatography (HPLC) 25034 mm reversed phase
column (BIO-SIL ODS 10, Bio-Rad) equilibrated with
[32]
0.1% trifluoroacetic acid in H2O . Samples were
chromatographed by reverse phase HPLC as described
[31,32]
previously
to elute and separate the endozepines.
Effluent was monitored by UV219 nm and 1 min
fractions were collected. Fractions were vacuum dried
and reconstituted with distilled deionized water (250 mL)
for endozepine-4 quantification. In some cases, fractions
containing endozepine-4 activity were liophilysed,
then reconstituted with a small volume (1-2 mL) of
methanol: ethylacetate (1:1) and chromatographed
[31,32]
by normal phase HPLC as described previously
.
Using these HPLC methods, the only synthetic
benzodiazepine that elutes within 4 min of endozepine-4
activity is lorazepam. Endozepine-4 was quantified in
[32]
HPLC fractions by competitive displacement studies .
Aliquots of the reconstituted HPLC fractions (5-100
mL) from either serum or CSF extracts were tested
for their ability to inhibit 1 nmol/L [3H] flunitrazepam

EEG

HE was graded with EEG as follows: Grade 0: HE
was defined as the presence of background activity
(alpha rhythm); Grade 1: An alpha rhythm with some
scattered theta waves; Grade 2: Background activity of
theta rhythm mixed with some delta and alpha waves;
Grade 3: Background of polymorphic delta activity
characterized by a high amplitude with spontaneous
variability; Grade 4: Delta activity characterized by a
low amplitude.

Laboratory tests

All subjects included in the study were evaluate
for blood test (serum hemoglobin, hematocrit,
complete blood cell count) and liver function tests
(serum alanine amino transferase, aspartate alanine
transferase, γ-glutamyl transpeptidase, cholinesterase
activity, serum bilirubin concentration, serum albumin
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Table 1 Subjects characteristics at enrollment

Age (yr)
Males/females
Alcoholic cirrhosis
Post hepatitis B cirrhosis
Post hepatitis C cirrhosis
Unknown cirrhosis
SBP (mmHg)
DBP (mmHg)
Heart rate (bpm)
Smokers/no smokers

Patients
(n = 20)

Controls health
(n = 20)

Patients vs control
healthy

MHE controls
(n = 20)

Patients vs MHE
controls (P )

Control healthy vs MHE
controls (P )

48 ± 10.8
12/8
5/20
4/20
8/20
3/20
137.2 ± 12.8
82.4 ± 10.7
78.1 ± 11.2
11/9

49 ± 10.2
10/10
134.1 ± 10.4
80.6 ± 10.3
80.2 ± 11.8
11/9

0.765
0.406
0.591
0.567
-

48.2 ± 10.7
11/9
4/20
4/20
9/20
3/20
138.4 ± 11.7
82.7 ± 10.6
84.1 ± 10.7
10/10

0.953
0.759
0.929
0.091
-

0.81
0.227
0.529
0.280
-

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Bpm: Beats per minute.

a stream of nitrogen. Dried residues were dissolved
in 8 mL methanol and 3 mL aliquots of each sample
analyzed by gas-chromatography-electron ionization
mass spectrometry. Mass spectra were recorded from
50 to 350 Da, and recorded spectra of lorazepam
extracted from serum that matched from standards
with a chemical signal to noise ratio of > 100.

Table 2 Precipitant factors in patients with hepatic coma
Patients endozepine-4 levels Patients endozepine-4 levels
> 221
< 221
Hemorrage
Sepsis
Dehydration
Surgery
Unknown

10
-

2
3
2
3

Statistical analysis

The results are expressed as mean ± SD. Statistical
significance in contingency tables was evaluated using
2
the χ and Fisher exact tests. Student’s test for unpaired
data, one-way ANOVA, and Mann-Whitney rank sum
test were used for comparisons of continuous variables.
Statistical analysis was performed using tests for
repeated measures as well as by controls for multiple
comparisons with correction by Duncan procedure.
The statistical methods of this study were reviewed
by Dr. Marco Vacante from Department of Clinical and
Experimental Medicine, University of Catania, Italy.

(specific activity 87 Ci/mmol, New England Nuclear,
Boston, Mass., United States) binding to rat cerebellar
membranes. The aliquots were incubated in 0.25
mL of 50 mmol/L NaPO4 (pH 7.4) which contained 5
mmol/L GABA, 1 nmol/L [3H] flunitrazepam, and rat
cerebellar membranes (80 mg/protein per milliliter) for
1 h at 4 ℃. The reaction was terminated by vacuum
filtration through glass fibre filters using a cell harvester
(Cambridge Technology, Watertown, Mass., United
States). The filters were transferred to vials (Wheaton
Omnivials, Millville, NJ, United States) with scintillation
cocktail (Safety Solve, Research Products International,
Ill., United States) and the radioactivity measured. The
amount of competition for the radioligand was compared
with standard competition curves generated with
known amounts of diazepam. Data were expressed as
diazepam equivalents, defined as the number of pmoles
of diazepam required to inhibit [3H] flunitrazepam
binding to rat cerebellar membranes to the same
extent as endozepines. All samples were analysed in
triplicate; intra-assay variability was < 5%. To rule out
the presence of contaminating synthetic benzodiazepine
in patients’ sera, extracts of sera from four patients with
elevated endozepine-4 activity were analysed by gas
chromatography-mass spectrometry. In parallel, normal
serum doped with 5 nmol lorazepam was extracted
and analyzed to determine instrumental sensitivity and
response. Lorazepam was chosen because it is the only
synthetic benzodiazepine that elutes from HPLC in the
vicinity of endozepine-4. Chloroform extracts (2 mL)
from 1 mL of serum were dried, re-suspended in 1 mL
of chloroform and the clear supernatants transferred
carefully by pipette to small vials and evaporated under

WJG|www.wjgnet.com

RESULTS
The population characteristic at enrollment are showed
in Table 1, based on Child Pugh score: subjects with
grade A were 4/20 (20%), grade B were 7/20 (35%),
and grade C were 9/20 (45%). Based on the grading
of coma, subjects with grade 0 were 2/20 (10%),
grade 1 were 3/20 (15%), grade 2 were 6/20 (30%),
grade 3 were 6/20 (30%), and grade 4 were 3/20
(15%). And EEG grading 8/20 were grade 4, 4/20
grade 3, 4/20 grade 2, 4/20 grade 1. Precipitant
factors in patients with hepatic coma in relation to the
concentration of Endozepine-4 are showed in Table
2. Subjects with hepatic coma showed significant
difference in endozepine-4 (P < 0.001) and NH3 levels
(P < 0.001) compared to controls and MHE (Table 3).
In the MHE patients endozepine-4 is not significantly
elevated respect controls. In the HE patients with
coma compared to controls and to MHE both NH3 and
endozepine-4 were significantly increased. Between
NH3 and endozepine-4 we also observed a statistically
significant correlation (P = 0.009; Pearson correlation
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Table 3 Laboratory parameters of subjects included in the study
Hepatic coma
patients (n = 20)

Controls
(n = 20)

252.55 ± 25.06b
139.30 ± 87.46b
2.78 ± 0.6b
71.2 ± 7.2b
1.56 ± 0.44
2.96 ± 1.56
60.2 ± 10.8
58.8 ± 11.9

2.8 ± 0.87b
36.0 ± 8.40b
4.1 ± 0.31b
48.4 ± 4.70b
0.96 ± 0.32
0.84 ± 0.21
22.8 ± 8.20
36.9 ± 11.2

Endozepine-4 (pmol/mL)
NH3 (mg/dL)
Serum albumin (g/dL)
Serum BUN (mg/dL)
Serum creatinine (mg/dL)
Serum bilirubin (mg/dL)
Serum AST (IU/L)
Serum ALT (IU/L)

P1

MHE patients
(n = 20)

patients vs
Control

P2

P3

patients vs MHE controls
(P )

control vs MHE controls
(P )

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.646
0.002
0.199
< 0.001
0.613
< 0.001
< 0.001
0.022

2.96 ± 1.28b
45.8 ± 10.2b
3.9 ± 0.61a,b
56.4 ± 5.40
1.01 ± 0.30
1.22 ± 0.36
47.5 ± 10.2
45.2 ± 10.8

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

a

P < 0.05, bP < 0.001 vs control. MHE: Minimal hepatic encephalopathy.

2

2

R = 0.529

400

400

300

300
Endozepine

Endozepine

R = 0.570

200

100

80

100

120

140
NH3

160

180

100

200

Figure 1 Correlation between endozepine levels and NH3.

15

20

25

30
MELD

35

40

45

Figure 2 Correlation between endozepine levels and model for end - stage
liver disease (Model for End - stage Liver Disease). MELD: Model for End stage liver disease.

0.570) (Figure 1). We did not observed a significant
correlation between MELD and NH3 levels (P = 0.208;
Pearson correlation = 0.294), while there was a
significant correlation between endozepine-4 and MELD
(P = 0.017; Pearson correlation = 0.529) (Figure 2).

Comparable ammonia concentrations also enhanced
synergistically the binding of a GABA agonist and a
benzodiazepine. However, glutamic acid decarboxylase
activity (direct GABA synthesis) was described to be
unaltered or down-regulated as a consequence of HE.
Endozepines are present in significant amounts in the
brain and can be released by neurons in vitro and in
[32]
vivo . It has been suggested that the high affinity of
endozepine-4 for the GABA A receptor might explain
[36]
its ability to induce coma . Similarly, its affinity for
the hippocampal GABA receptors might explain the
disturbance of memory that has been observed in
patients with recurrent stupor in the prodromal and
[32,37-40]
recovery phases
.
They could be physiological neurotransmitters
[21]
or neuromodulators . Endozepines, peripheral BZ
receptors, are located in the mitochondrial membrane
of cells in the periphery and in astrocytes in the
central nervous system and not allosterically coupled
to GABAA receptors are consistently up-regulated
[38-40]
in several experimental models of HE
. Human
studies revealed that peripheral BZ receptor densities
are not altered during the early stages of the disease
(HE grades Ⅰ-Ⅲ) but were up-regulated in autopsy

DISCUSSION
Results of the present study reveal a markedly increase
in serum endozepine-4 in patients with hepatic coma.
The present study has also demonstrated that endo
zepine are highly correlated with the degree of hepatic
encephalopathy and with ammonic concentrations.
Blood ammonia concentration was noted to be raised in
patients with hepatic coma, with the highest ammonia
levels being found in those who were comatose.
The role of increased ammonia in the development
[33]
of HE has been a puzzle . Ammonia is the bestcharacterized neurotoxin that precipitates HE. It is
directly toxic to the brain in high concentrations,
through modulation of inhibitory and excitatory neuro
[34]
transmission. Itzhak et al
have hypothesized that
increased ammonia induces peripheral benzodiazepine
receptors in brain glia cells. Hyperammonemia is
associated with an increased GABA synthesis via the
[35]
neuronal tricarboxylic acid cycle (indirect pathway) .
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disease.

material obtained from patients who had deceased
[41,42]
in hepatic coma (HE grade Ⅳ)
. In our patients
with grade Ⅳ hepatic coma, endozepine levels
were significantly higher compared both to controls
subjects and MHE patients. Meanwhile, no significative
difference were found between MHE patients and
control subjects. It may be correlated to inflammatory
status present during HE. Infact, in a prospective
[43]
observational study, Clavier et al
showed increased
plasma levels of endozepines during systemic
inflammation. This results show that increased levels
of Endozepine-4 concentration occur in the advanced
and critical phases of HE. We also observed an
increased level of endozepine in subjects with higher
levels of MELD. Plasma levels of GABA - like activity
tend to be increased several fold in patients with
[44,45]
hepatic encephalopathy
. The correlation between
plasma levels of GABA - like activity and the stage
of hepatic encephalopathy is not close. However this
negative finding does not necessary detract from
the GABA hypothesis since data on the prevailing
permeability of the blood barrier in the patients studied
are not available. Plasma levels of GABA - Like activity
have been shown to increase several fold in cirrhotic
patients following hemorrages into the gastrointestinal
tract, an observation that suggests that blood in the
gut acts as a substrate for GABA synthesis by intestinal
bacteria. The liver probably plays an important role
in extracting gut - derived GABA from portal venus
blood. Accordingly, reduced hepatic catabolism of gut
- derived GABA may contribute to elevated plasma
[44-47]
levels of GABA - like activity found in liver failure
.
Besides HE, it remains unknown whether endozepines
are increased in other human disorders characterized
by decreased vigilance and resembling endozepine
stupor. Some limitations of our analysis deserve
comment. First we selected biomarkers based on
the knowledge about HE pathogenesis and results
from previous clinical studies. We acknowledge that
other not sufficiently tested biomarkers might have
provided additional information. Second inter-subject
biological variability needs further validation not only
in a different setting, but also in different population.
In addition, even though we included in the study
a sample of patients, with a well characterized
subjects, it would be important to validate these
results in large scale longitudinal studies increasing
the sample size. In conclusion there is a growing
body of evidence concerning involvement of the
GABAergic system in the pathophysiology of HE coma.
Excessive central GABAergic tone and increase in
benzodiazepine receptor ligands contribute to hepatic
[48]
encephalopathy .

Research frontiers

The involvement of the glutamate-related neurotoxicity which in turn may alter
the γ-aminobutyric acid (GABA)A receptor system in HE, demonstrated in the
1980s, was considered likely when specific benzodiazepine (BZ) receptor
antagonists were shown to revert the symptoms of HE in animal models and in
patients.

Innovations and breakthroughs

The purpose of this study was to evaluate the serum levels of endozepine-4,
the relation with ammonia serum levels, the grading of coma and the severity of
cirrhosis.

Applications

The present study has also demonstrated that endozepine are highly correlated
with the degree of hepatic encephalopathy and with ammonic concentrations.
Blood ammonia concentration was noted to be raised in patients with hepatic
coma, with the highest ammonia levels being found in those who were
comatose.

Peer-review

Endozepine-4, an endogenous ligand for the BZ recognition site on the GABAA,
may play an important role in the pathogenesis of HE. In this article, the authors
evaluated the serum endozepine-4 levels to explore its correlation with clinical
scales and plasma concentration of ammonia. They reported that endozepine-4
was markedly elevated in patients with grade Ⅳ hepatic coma and/or high
scores of the Model for End-Stage Liver Disease. They also identified the
significant correlation between serum endozepine-4 levels and the ammonia
concentration.
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Abstract
AIM: To evaluate pre-lung transplant acid reflux on
pH-testing vs corresponding bolus reflux on multi
channel intraluminal impedance (MII) to predict early
allograft injury.

Institutional review board statement: The study was approved
by the Partners Healthcare Institutional Review Board prior to
inception.

METHODS: This was a retrospective cohort study
of lung transplant recipients who underwent pretransplant combined MII-pH-testing at a tertiary care
center from January 2007 to November 2012. Patients
with pre-transplant fundoplication were excluded.
Time-to-event analysis was performed using a Cox
proportional hazards model to assess associations
between measures of reflux on MII-pH testing and
early allograft injury. Area under the receiver operating
characteristic (ROC) curve (c-statistic) of the Cox
model was calculated to assess the predictive value
of each reflux parameter for early allograft injury. Six
pH-testing parameters and their corresponding MII

Informed consent statement: Informed consent was waived
with permission of the IRB board because of retrospective nature
of the study, and the low risk to participants.
Conflict-of-interest statement: The authors report no conflict
of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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measures were specified a priori. The pH parameters
were upright, recumbent, and overall acid reflux
exposure; elevated acid reflux exposure; total acid reflux
episodes; and acid clearance time. The corresponding
MII measures were upright, recumbent, and overall
bolus reflux exposure; elevated bolus reflux exposure;
total bolus reflux episodes; and bolus clearance time.

http://www.wjgnet.com/1007-9327/full/v21/i30/9111.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i30.9111

INTRODUCTION
Lung transplantation remains a high risk solid-organ
[1]
transplant modality , with gastroesophageal reflux
disease (GERD) being a prevalent risk factor for post[2]
transplant morbidity , resulting in development of
[3]
bronchiolitis obliterans, chronic rejection and death .
Evidence of inflammatory markers and pepsin in the
bronchoalveolar fluid of subjects with acute rejection
suggest that reflux and aspiration play a role in early
[4-6]
allograft injury , which are primary risk factors for
[7-9]
chronic rejection
and graft failure.
While pre-transplant pH testing has been used with
increased frequency, given the association between
[3]
severe acid reflux and poor transplant outcomes ,
no formal recommendation exists regarding the
optimal reflux testing modality among lung transplant
candidates. At issue is the possibility that multichannel
intraluminal impedance and pH (MII-pH), which
permits the assessment of gastroesophageal reflux
regardless of pH, may provide additional data to help
predict lung transplant outcomes compared with
pH data alone, which can only evaluate acid reflux
at low pH levels. Our group demonstrated recently
that early allograft injury, comprising both acute
rejection and lymphocytic bronchiolitis, is associated
with impedance measures of reflux severity on pretransplant testing, including prolonged bolus clearance
[10]
and increased distal reflux episodes . However,
despite the identified association, additional benefits
of using impedance over pH data alone could not be
established, as a comparison of impedance and pH
parameters in predicting transplant outcomes was
beyond the scope of that study. Therefore, in this
follow-up study, we aimed to compare the values
of pre-transplant impedance and pH parameters in
predicting early allograft injury in lung transplant
recipients. We hypothesized that pre-transplant
MII-pH measures of reflux severity are better than
corresponding pH measures of acid reflux alone to
predict early lung transplant outcomes.

RESULTS: Thirty-two subjects (47% men, mean
age: 55 years old) met the inclusion criteria of the
study. Idiopathic pulmonary fibrosis (46.9%) repre
sented the most common pulmonary diagnosis
leading to transplantation. Baseline demographics,
pre-transplant cardiopulmonary function, number of
lungs transplanted (unilateral vs bilateral), and posttransplant proton pump inhibitor use were similar
between reflux severity groups. The area under the
ROC curve, or c-statistic, of each acid reflux parameter
on pre-transplant pH-testing was lower than its bolus
reflux counterpart on MII in the prediction of early
allograft injury. In addition, the development of early
allograft injury was significantly associated with three
pre-transplant MII measures of bolus reflux: overall
reflux exposure (HR = 1.18, 95%CI: 1.01-1.36, P =
0.03), recumbent reflux exposure (HR = 1.25, 95%CI:
1.04-1.50, P = 0.01) and bolus clearance (HR = 1.09,
95%CI: 1.01-1.17, P = 0.02), but not with any pHtesting parameter measuring acid reflux alone.
CONCLUSION: Pre-transplant MII measures of bolus
reflux perform better than their pH-testing coun
terparts in predicting early allograft injury post-lung
transplantation.
Key words: Gastroesophageal reflux; Lung transplant;
Multichannel intraluminal impedance; pH-monitoring;
Allograft injury
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastroesophageal reflux has been associated
with poor lung transplant outcomes, including allograft
injury and rejection. While ambulatory pH-testing
only measures acid reflux, multichannel intraluminal
impedance (MII) assesses total bolus reflux, regardless
of acidity. Comparison of pH-testing and MII measures
of reflux in the prediction of lung transplant outcomes
may improve and standardize pre-transplant reflux
testing. Our study demonstrated that pre-transplant
MII measures of bolus reflux perform better than their
pH-testing counterparts to predict early allograft injury
post-lung transplantation. MII should be performed
alongside pH testing for reflux assessment during prelung transplant evaluation.

MATERIALS AND METHODS
This was a retrospective cohort study of adult
subjects (age > 18) who underwent pre-operative
MII-pH testing and received lung transplantation in
2007-2013 at a tertiary care center. Only patients
undergoing initial primary lung transplantation were
included. None received pre-transplant surgical or
endoscopic management for reflux, including Nissen
fundoplication. Subjects who did not survive beyond
the first 30 d after transplant were excluded a priori, as
such early mortality most likely reflects post-operative

Lo WK, Burakoff R, Goldberg HJ, Feldman N, Chan WW. Prelung transplant measures of reflux on impedance are superior
to pH testing alone in predicting early allograft injury. World J
Gastroenterol 2015; 21(30): 9111-9117 Available from: URL:
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complications or hyperacute rejection unrelated to the
present model of allograft injury under study.
Baseline characteristics (age at transplantation,
gender and race), pulmonary diagnosis, and results of
standard pre-transplant cardiopulmonary testing were
recorded. ABO compatibility was assured for all donors
and recipients before transplantation.

and received treatment with pulsed steroids.

Statistical analysis

Fisher’s exact test for binary variables and student’s t-test
for continuous variables were performed to assess for
differences between reflux severity groups. Survival
analysis with the Cox proportional hazard model
yielded hazard ratios with 95%CI for each specified
pH variable and corresponding impedance measure of
reflux severity, and its association with early allograft
injury. Time-to-event was calculated from the date of
transplant to date of biopsy diagnosing early allograft
injury. Subjects not reaching the specified endpoint
were censored at of death, post-transplant anti-reflux
surgery or last evaluation by pulmonary transplant
team, whichever was the earliest. The performance
of each parameter in predicting early allograft injury
was calculated by area under the receiver operating
characteristic (ROC) curve or c-statistic for the Cox
models. All statistical analyses were performed using
SAS 9.3 statistical package (SAS Institute Inc., Cary,
NC, United States), with an additional macro for
[15]
calculation of c-statistics for survival analysis data .
The study was approved by the Partners Healthcare
Institutional Review Board prior to inception.

Pre-transplant MII-pH monitoring

All subjects included in the study underwent MII-pH
monitoring (Sandhill Scientific Inc, Highland Ranch,
CO, United States) before transplantation, after
an overnight fast. The system included a portable
electronic datalogger and a catheter with two pH
electrodes (0, 15 cm) and eight impedance electrodes
(-3, -1, 1, 3, 5, 9, 11, 13 cm). The catheter was passed
into the esophagus transnasally and positioned with the
distal pH electrode, 5 cm above the lower esophageal
sphincter (LES). During the 24-h study, subjects were
asked to remain upright during the day and recumbent
at night, and maintain normal scheduled activities.
Meal periods were documented by the patient via the
datalogger and were excluded from analysis.
Impedance and pH results were analyzed with the
assistance of a dedicated software package (Bioview
Analysis, version 5.6.3.0, Sandhill Scientific Inc).
Parameters of interest were specified a priori and
included six pH measures of acid reflux and their
corresponding impedance measures of reflux severity.
These measures were acid exposure time vs total
bolus exposure time in upright, recumbent, and overall
positions, expressed as a percentage of total time in
reflux; total acid reflux episodes vs total bolus reflux
episodes; and acid clearance time vs bolus clearance
time, expressed in seconds.
Following MII-pH testing, patients proceeded to
transplantation at different intervals pending individual
disease progression and organ availability.

RESULTS
Thirty-two subjects (46.9% men, mean age 55
years) met the inclusion criteria for the study, with
a median follow-up of 1.3 years. The most common
pulmonary diagnosis leading to transplantation
was idiopathic pulmonary fibrosis (IPF), accounting
for 46.9% of cases. Seventeen patients (53.1%)
underwent bilateral lung transplantation. There were
eight deaths detected overall, with seven attributed to
pulmonary complications including pneumonia (three
subjects), pulmonary malignancy (two subjects),
pulmonary hemorrhage (one subject), and acute
rejection (one subject). Baseline cardiopulmonary
characteristics were similar between reflux severity
groups, as defined by impedance measurement (Table
1). Although the elevated reflux group had more IPF
diagnoses and a higher pre-transplant FEV1/FVC ratio,
these were not associated with early allograft injury
on Cox univariate modeling, accounting for timing
of outcomes. Post-transplant PPI use was also not
associated with early allograft injury in this cohort.
Over the time course of the study, 16 subjects (50.0%,
out of 32 subjects overall) developed early allograft
injury, with 14 (53.8%, out of 26 subjects with > 1
year follow-up) diagnosed within the first year after
transplantation. Univariate analyses performed on the
six pre-specified pH and corresponding impedance
parameters of reflux demonstrated significant
associations between three impedance measures
of reflux (total reflux exposure, recumbent reflux
exposure and bolus clearance) and early allograft

Post-transplant care and diagnosis of early allograft
injury

After transplantation, patients received standard
immunosuppressive therapy with azathioprine or
[11]
mycophenolate, tacrolimus and methylprednisolone .
All patients underwent routine surveillance bronchoscopy
[12,13]
with biopsy
on a standard post-transplant schedule
(at 1, 3, 6 and 12 mo), with additional diagnostic
bronchoscopies following development of any clinical
symptoms suggestive of infection or rejection, such as
dyspnea, fever or increased secretions. Biopsies were
graded in accordance with The International Society of
[14]
Heart and Lung Transplantation (ISHLT) standards .
The endpoint of early allograft injury was reached with
the finding of rejection on transbronchial biopsy by
ISHLT grading, with the sum of A and B grades greater
than or equal to two. Minimal rejection grades of A1B0
or A0B1 were counted as meeting the endpoint if the
patient presented with suggestive clinical symptoms
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Table 1 Baseline characteristics demonstrating homogeneity
of the pulmonary transplant study population
Normal
distal reflux
exposure

Increased
distal reflux
exposure

(n = 32)

(n = 13)

(n = 19)

1.3
15 (46.9)
26.7 ± 4.97
54.7 ± 10.8

7 (53.8)
26.7 ± 4.47
57.6 ± 9.01

8 (42.1)
26.7 ± 5.40
52.7 ± 11.7

30 (93.7)

13 (100)

17 (89.5)

15 (46.9)
6 (18.7)
6 (18.7)
2 (6.25)
1 (3.13)
1 (3.13)
1 (3.13)

3 (23.1)
3 (23.1)
2 (15.4)
2 (15.4)
1 (7.69)
1 (7.69)
1 (7.69)

12 (63.2)
3 (15.8)
4 (21.0)
0
0
0
0

Total

Follow-up (yr), median
Male sex
BMI, mean ± SD
Age at transplant (yr),
mean
White race
Pulmonary diagnosis
IPF
COPD
CF
COP
AAT
Sarcoid
Other
Cardiac function, Baseline
LVH
None
Any
LVEF, mean ± SD
PCWP, mean ± SD
PVR1, mean ± SD
Pulmonary function,
Baseline
FVC
FVC, %-pred
FEV1
FEV1, %-pred
FEV1/FVC
Lungs transplanted
Unilateral
Bilateral
Post-transplant PPI
Deaths, all cause
Deaths, pulmonaryrelated
Early allograft injury
BOS

Table 2 Comparison of Cox univariate analyses of pH
parameters of acid reflux and corresponding impedance
measures of total reflux
Univariate hazard P value
ratio for time to acute
rejection (95%CI)
pH parameter of acid reflux
Acid reflux exposure, upright
Acid reflux exposure, recumbent
Acid reflux exposure, overall
Elevated acid reflux exposure (> 4.2%)
Total acid reflux episodes
Acid clearance
Impedance parameter of total reflux
Total reflux exposure, upright
Total reflux exposure, recumbent
Total reflux exposure, overall
Elevated total reflux exposure (> 1.4%)
Total reflux episodes
Bolus clearance

1.01 (0.93-1.09)
1.06 (0.92-1.21)
1.03 (0.93-1.15)
1.06 (0.92-1.21)
1.00 (0.97-1.03)
1.00 (1.00-1.00)

0.87
0.42
0.52
0.93
0.90
0.13

1.11 (0.98-1.25)
1.25 (1.04-1.50)
1.18 (1.01-1.36)
1.88 (0.65-5.42)
1.01 (1.00-1.02)
1.09 (1.01-1.17)

0.11
0.011
0.031
0.24
0.20
0.021

1

27 (84.4)
5 (15.6)
0.59 ± 0.05
9.97 ± 4.62
224.4 ± 89.0

11 (84.6)
2 (15.4)
0.58 ± 0.06
11.5 ± 4.99
243.3 ± 100.1

16 (84.2)
3 (15.8)
0.60 ± 0.05
8.89 ± 4.15
210.0 ± 79.6

1.91 ± 0.71
0.48 ± 0.14
1.22 ± 0.60
0.39 ± 0.18
0.65 ± 0.24

2.00 ± 0.84
0.50 ± 0.16
1.07 ± 0.67
0.33 ± 0.17
0.54 ± 0.24

1.85 ± 0.63
0.47 ± 0.12
1.32 ± 0.54
0.43 ± 0.17
0.73 ± 0.21

15 (46.9)
17 (53.1)
24 (75.0)
8 (25.0)
7 (21.9)

7 (53.8)
6 (46.1)
10 (76.9)
2 (15.4)
2 (15.4)

8 (42.1)
11 (57.9)
14 (73.7)
6 (31.6)
5 (26.3)

16 (50.0)
2 (6.25)

5 (38.5)
1 (7.69)

11 (57.9)
1 (5.26)

Statistically significant results in impedance measures of total bolus
reflux.

[10]

transplantation . Based on that study, increased
total reflux, not just acid reflux, may be associated
with poorer early post-transplant outcomes. However,
despite the identified association, an advantage of
using impedance over pH-only testing in the prediction
of post-transplant outcome was not established, as
no study has directly compared the predictive values
of the two modalities in transplant cohorts. In the
present study, we specified six pH parameters of acid
reflux severity and their corresponding impedance
measures of total reflux that were obtained during
MII-pH as part of pre-transplant evaluation. Notably,
no pH-only measures of acid reflux were associated
with the early allograft injury outcome, while three of
the six corresponding impedance measures of total
reflux were associated, suggesting that non-acid reflux
may also play a role in allograft injury. Additionally,
every impedance parameter was associated with a
greater area under the ROC curve (c-statistic) than
the corresponding pH-based parameter in predicting
early allograft injury, suggesting that impedance data,
specifically the added information regarding non-acid
reflux, may offer advantages over pH-only parameters
in predicting lung transplant outcomes. Taken together,
the MII parameters of bolus reflux exposure in the
recumbent position and bolus clearance time are the
best predictors of early allograft injury, based on the
significant univariate results and the higher c-statistic
values.
The literature on non-acid reflux in lung trans
plantation is sparse. One study documented that
approximately one-third of patients with increased
reflux parameters following transplantation had
[3]
exclusively increased non-acid reflux , but there was
no clear association with outcomes. A second study
did identify an association between non-acid/total
[16]
reflux and bronchiolitis obliterans , and similar to our

1

PVR was not measured in two subjects. BMI: Body mass index; IPF:
Idiopathic pulmonary fibrosis; COPD: Chronic obstructive pulmonary
disease; CF: Cystic fibrosis; COP: Cryptogenic organizing pneumonia;
AAT: Alpha-1-antitrypsin deficiency; LVH: Left ventricular hypertrophy;
LVEF: Left ventricular ejection fraction; PCWP: Pulmonary capillary
wedge pressure; PVR: Pulmonary vascular resistance; FVC: Forced vital
capacity; %-pred: Percent of predicted value; FEV1: Forced expiratory
volume in 1 second; PPI: Proton pump inhibitor; BOS: Bronchiolitis
obliterans syndrome.

injury (Table 2). On comparing the areas under the
ROC curve (c-statistic), every impedance parameter
(measures of total reflux) was found to have greater
predictive value for early allograft injury than the
corresponding pH parameter alone (measures of acid
reflux) (Table 3).

DISCUSSION
Our group has previously demonstrated that pretransplant measures of reflux by impedance testing
are associated with early allograft injury after lung
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the management of typical GERD symptoms in non[24-26]
transplant patients
. The results of this study
suggested that impedance may provide greater
predictive value for post-transplant outcomes than
conventional pH-based parameters for reflux. In
particular, increased acid exposure time, defined by
the proportion of time that the esophageal pH is <
4 and the most commonly used outcome from pHmonitoring, performed poorly in predicting early
allograft injury post-transplant (c-statistic = 0.39).
However, when its impedance-equivalent (elevated
total reflux exposure) was used, the predictive value
of the result significantly improved (c-statistic = 0.77).
These results also support the need for assessment of
additional reflux-related factors that may be targets
for intervention to improve lung transplant outcomes,
[27,28]
such as obesity
. Better pre-transplant reflux data
that are associated with post-transplant outcomes may
help improve candidate risk assessment and planning
of peri-transplant care. Therefore, our data would
suggest a role for routine use of MII-pH as a standard
part of pre-transplant evaluation for lung transplant
candidates.
The strengths of this study include the homo
geneity of the study population, with meticulous
record keeping and follow-up. Specifically, all
patients underwent post-transplant care as per the
standardized protocol, including routine histological
assessment of the allograft at regular intervals, thereby
minimizing potential biases or any inter-provider
variability in clinical management. Importantly, the
overall rate of acute rejection within one year in
our study corroborates published data, establishing
[29]
the generalizability of our patient cohort . Finally,
mechanistic plausibility has been discussed in our
[10]
previous publication , drawing from previous studies
on biomarkers and lymphocytic infiltration to implicate
[4,30]
reflux and aspiration in early allograft injury
.
Limitations of the study include the small sample
size, which, however, was within the range of prior
publications. The inclusion of transplant candidates
receiving both MII and pH testing, as opposed to pH
testing alone, may introduce an external selection bias
impacting generalizability, although demographics and
clinical history appear homogeneous within the cohort,
as reported in Table 1. The study cohort also had a
higher proportion of idiopathic pulmonary fibrosis
[1]
patients than the overall lung transplant population ;
however, a variety of primary pulmonary conditions
was represented without significant differences
between comparison groups. Additionally, the relatively
small study size and low number of acute rejection and
lymphocytic bronchiolitis events individually resulted
in poor association between each individual outcome
and pre-transplant MII-pH parameters. However,
both markers of early allograft injury have been
identified as major risk factors for the development
of subsequent Bronchiolitis obliterans syndrome

Table 3 Area under the receiver operating characteristic
curve or c-statistic comparing prediction value of pH-testing
and corresponding impedance measures of reflux for early
allograft injury
Area under ROC/Harrell’s c-stat
pH parameter of reflux
Acid reflux exposure, upright
Acid reflux exposure, recumbent
Acid reflux exposure, overall
Elevated acid reflux exposure (> 4.2%)
Total acid reflux episodes
Acid clearance
Impedance parameter of reflux
Total reflux exposure, upright
Total reflux exposure, recumbent
Total reflux exposure, overall
Elevated total reflux exposure (> 1.4%)
Total reflux episodes
Bolus clearance

0.58
0.69
0.61
0.39
0.60
0.64
0.63
0.74
0.67
0.77
0.64
0.74

Note that all values deriving from impedance measures are greater than
those from pH measures, suggesting that impedance data are better
predictors.

study, no association was detected between abnormal
acid reflux and rejection outcomes. However, only
measures of acid and bolus reflux exposure were
assessed in that study, which alone may not be
sufficient to justify the use of impedance testing in
lung transplant evaluation. Finally, bile acid aspiration
has been associated with biomarkers of injury following
lung transplantation, suggesting a possible pathway
[17]
for allograft injury attributable to non-acid reflux .
The importance of documenting non-acid reflux and
its possible contribution to lung transplant outcomes
is twofold. First, treatments that target acid reflux,
including various forms of anti-secretory medications,
[18-20]
are less likely to have an effect on non-acid reflux
.
Thus, such treatments alone may be insufficient to
completely mitigate the risk of allograft injury in lung
transplant patients with reflux. Second, non-acid reflux
may be a manifestation of other disease processes that
require more specific evaluation and management,
[21]
such as esophageal
or gastrointestinal motility
[22,23]
disorders
, which have yet to be studied widely in
the lung transplant population. A review of medical
records did not reveal a diagnosis of esophageal
dysmotility or gastroparesis in any subjects in our
cohort, though neither esophageal manometry nor
gastric emptying studies were routinely performed
before transplantation. These results may demonstrate
a need for additional testing or treatment options in
transplant recipients.
Another challenge in the lung transplantation
population includes absence of clear clinical guide
lines regarding esophageal function testing before
transplantation. While pH testing has been used
increasingly in pre-transplant assessment, impedance
remains underutilized. Moreover, the value of im
pedance testing continues to be debated, even in
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Applications

(BOS) and are treated similarly in clinical practice,
[29]
with increased immunosuppression . Longer-term
outcomes, such as bronchiolitis obliterans, could not
be reliably assessed because MII-pH testing has only
become more available and widely used in recent
years. We hope that we will be able to assess such
outcomes with continued recruitment, and in applying
the findings from the present study. Finally, while our
results support a relationship between reflux severity
and early allograft injury, the actual pathways remain
under investigation.
In summary, pre-transplant MII measures of bolus
reflux are better predictors than their pH counterparts
for the development of early allograft injury postlung transplantation. These findings suggest that nonacid reflux may play a role in the development of
early allograft injury, leading to chronic rejection and
allograft failure. MII-pH appears to be more valuable
than pH-monitoring alone in pre-lung transplant reflux
assessment, outcome risk stratification, and planning
of peri-transplant care: these findings would support
the use of MII-pH rather than pH testing alone in this
setting. Future research should focus on the optimal
timing and application of MII-pH testing, and on
treatments to manage non-acid and total reflux in lung
transplant patients.

Reflux assessment with MII should be routinely performed during pre-transplant
evaluation, given its improved predictive qualities over those of pH testing alone
and its association with post-transplant outcome.

Terminology

MII refers to the test that measures refluxing of gastric content into the
esophagus regardless of pH level. Different substances (air, liquid, solid) have
different conductance, which is inversely proportional to impedance. A drop in
impedance is seen when liquid refluxes into the esophagus, as air normally
carries a higher impedance. This allows monitoring of any refluxate advancing
into the esophagus. Bolus reflux refers to any refluxate going from the stomach
into the esophagus, regardless of acidity.

Peer-review

An important study. The discussion is well organized and the conclusions are
appropriate. Right now, pH-testing is the gold standard for the study of the
function of the esophagus and the measure of acid reflux. If these results are
confirmed in posterior randomized and prospective studies, it is possible that
MII could substitute pH-testing for preoperative study of acid reflux in patients in
which lung transplantation is going to be performed.
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Abstract

Institutional review board statement: The Medical Ethics
Committees United of the Catharina Hospital Eindhoven
reviewed and approved this study.

AIM: To investigate the value of elevated drain amylase
concentrations for detecting anastomotic leakage (AL)
after minimally invasive Ivor-Lewis esophagectomy (MIILE).

Informed consent statement: Informed consent is given by
patients preoperatively and registered in the electronic patient
file. All included patients accepted the possibility to collect their
patient data.

METHODS: This was a retrospective analysis of
prospectively collected data in two hospitals in the
Netherlands. Consecutive patients undergoing MI-ILE
were included. A Jackson-Pratt drain next to the dorsal
side of the anastomosis and bilateral chest drains were
placed at the end of the thoracoscopic procedure.
Amylase levels in drain fluid were determined in all
patients during at least the first four postoperative
days. Contrast computed tomography scans and/or
endoscopic imaging were performed in cases of a
clinically suspected AL. Anastomotic leakage was
defined as any sign of leakage of the esophago-gastric
anastomosis on endoscopy, re-operation, radiographic
investigations, post mortal examination or when
gastro-intestinal contents were found in drain fluid.
Receiver operator characteristic curves were used to
determine the cut-off values. Sensitivity, specificity,
positive predictive value, negative predictive value,
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risk ratio and overall test accuracy were calculated for
elevated drain amylase concentrations.

is a dreaded complication that occurs in 4.0%-28.6%
of all patients who undergo minimally invasive Ivor[1,2]
Lewis esophagectomy (MI-ILE) . This large variation
in incidence is partially explained by the use of different
[3]
definitions of AL in the literature . Improving surgical
techniques and postoperative care have decreased the
[4,5]
mortality and morbidity of AL over the past decades .
Nevertheless, this complication remains associated with
an increased length of hospital stay, higher mortality
[4,6]
[7]
rates , and a worse oncological outcome . Early
diagnosis and treatment of postoperative complications
[8]
is critical to minimize the sequelae (e.g., sepsis) .
Several diagnostic modalities are available to
detect AL, such as computed tomography (CT) scan
with contrast, esophagography and endoscopy.
Routine contrast esophagography minimally impacts
postoperative management because of its low
[9]
sensitivity for AL . A CT scan with intravenous and
oral contrast has a higher sensitivity for the detection
of anastomotic leaks, particularly in combination
with esophagography. However, the specificity of
CT to detect AL is low, which leads to a low positive
[10]
predictive value . Routine endoscopy to detect AL
[11,12]
after esophagectomy is 100% accurate
, but
endoscopy is an invasive technique with its own
morbidities. Therefore, routine application of these
diagnostic modalities is not frequently applied.
Multiple studies reported the diagnostic value
of drain amylase to facilitate the detection of leaks
[13-15]
following and pancreatojejunostomy
. Amylase
measurements in drain fluid were used in these studies
for the past several years as a simple adjunct to detect
[16]
AL in an early stage. Maher et al
described drain
amylase analysis as a potential diagnostic marker
following gastro-jejunostomy. However, drain amylase
levels cannot be used as a stand-alone diagnostic
tool for AL in pancreatic and gastric surgeries. AL
measurement following esophageal surgery has only
been described in one small series (n = 12) to detect
[17]
cervical esophagogastric leakage .
This study explored whether amylase concen
trations in drain fluid correlated with the occurrence of
anastomotic leakage after Ivor-Lewis esophagectomy.

RESULTS: A total of 89 patients were included
between March 2013 and August 2014. No differences
in group characteristics were observed between
patients with and without AL, except for age. Patients
with AL were older than were patients without AL (P =
0.01). One patient (1.1%) without AL died within 30 d
after surgery due to pneumonia and acute respiratory
distress syndrome. Anastomotic leakage that required
any intervention occurred in 15 patients (16.9%).
Patients with proven anastomotic leakage had higher
drain amylase levels than patients without anastomotic
leakage [median 384 IU/L (IQR 34-6263) vs median 37
IU/L (IQR 26-66), P = 0.003]. Optimal cut-off values
on postoperative days 1, 2, and 3 were 350 IU/L, 200
IU/L and 160 IU/L, respectively. An elevated amylase
level was found in 9 of the 15 patients with AL. Five of
these 9 patients had early elevations of their amylase
levels, with a median of 2 d (IQR 2-5) before signs and
symptoms occurred.
CONCLUSION: Measurement of drain amylase levels
is an inexpensive and easy tool that may be used to
screen for anastomotic leakage soon after MI-ILE.
However, clinical validation of this marker is necessary.
Key words: Esophageal cancer; Esophageal surgery;
Anastomotic leakage; Amylase; Drain fluid
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intrathoracic leakage following esopha
gectomy is a dreaded complication that requires prompt
diagnosis. However, early recognition remains difficult.
Elevated drain amylase levels following other types
of upper gastrointestinal surgery suggest that the
amylase levels may be useful as an early marker for
anastomotic leakage following esophagectomy. This
study found that the drain amylase levels were higher
in patients with proven anastomotic leakage than
in patients without anastomotic leakage. This study
demonstrates that amylase measurements in drain fluid
may be a potential marker for detecting anastomotic
leakage after an Ivor-Lewis esophagectomy.

MATERIALS AND METHODS
Patients and design

Berkelmans GHK, Kouwenhoven EA, Smeets BJJ, Weijs TJ,
Silva Corten LC, van Det MJ, Nieuwenhuijzen GAP, Luyer MDP.
Diagnostic value of drain amylase for detecting intrathoracic
leakage after esophagectomy. World J Gastroenterol 2015;
21(30): 9118-9125 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i30/9118.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9118

This study was a multicenter retrospective analysis of
prospectively collected data that included all patients
undergoing MI-ILE between March 2013 and August
2014 in two hospitals (Catharina Hospital Eindhoven
and ZGT Hospital Group Twente) in the Netherlands.
Patients were identified from an existing prospectively
collected surgical database. Included patients under
went a MI-ILE and were at least 18 years old. Patients
with acute pancreatitis were excluded.

INTRODUCTION

Surgical technique

Specialized surgeons conducted the MI-ILE, and each

Anastomotic leakage (AL) following esophagectomy
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surgeon performed at least 30 esophagectomies or
more annually. Our surgical MI-ILE technique was
[18]
adapted from a technique described elsewhere ,
but we used a different patient position during the
thoracic phase and a different type of anastomosis.
The first stage was a laparoscopic approach in which
lymph node dissection and gastric conduit construction
were performed. A pyloroplasty was not routinely
performed. The thoracoscopic phase was performed in
a prone position with single-lumen ventilation of both
[19]
lungs . The esophageal resection was completed in
this stage, and a side-to-side intrathoracic anastomosis
was constructed using a linear stapler (Endogia 30/45;
[20]
Covidien, Minneapolis, Minnesota, United States) .
An end-to-side anastomosis was constructed in
some cases using a hand-sutured technique. An
omental wrap was draped around the anastomosis
in all patients. A Jackson-Pratt drain (JP-drain) next
to the dorsal side of the anastomosis and bilateral
chest drains were placed at the end of the procedure.
The nasogastric tube was removed at the end of the
surgical procedure.

measured daily from POD 1 until drain removal.
Drain amylase data were collected until POD 6. If AL
occurred after POD 6 and the JP drain was still in situ,
an additional amylase measurement on the day of
diagnosis was added to the database. Fluid from the JP
drain was sent to the clinical laboratory and analyzed
using a COBAS 6000/8000 Analyzer (F. HoffmannLa Roche Ltd., Basel, Switzerland). The results were
obtained within 4 h after the sample was taken from
the drain fluid bag. The analysis costs €2.43 ($2.77)
per measurement in the Catharina Hospital. Serum
amylase concentrations were analyzed, if available,
to compare the drain fluid concentration with serum
concentration and distinguish between pancreatitis and
anastomotic leakage. Elevation of serum and drain
fluid amylase indicated pancreatitis, and these patients
were excluded from this study.
Patient demographics, neoadjuvant therapy, comorbidities, type of surgery, time to resumption of oral
intake, anastomotic leakage and 30-d mortality were
recorded. Signs and symptoms of AL were recorded,
including fever, elevated inflammation markers, atrial
[23]
[24]
fibrillation , delirium , pericarditis, mediastinitis,
empyema, acute respiratory insufficiency and/or chest
pain.

Postoperative care

Patients were transferred to the intensive care unit
(ICU) postoperatively and were monitored for at
least one day. Analgesia was provided via an epidural
catheter or intravenous morphine using a patientcontrolled system. Enteral nutrition was started on
postoperative day (POD) 1 in all patients via early oral
intake or a feeding jejunostomy. Nasojejunal tube
feeding or total parenteral nutrition was initiated in
cases of complications that prohibited oral intake in
patients without a feeding jejunostomy.
The JP drain was removed after the fourth
postoperative day in the Catharina Hospital Eindhoven if
the daily production of drain fluid was less than 150cc.
The JP drain was removed on the day of discharge in
the ZGT Hospital Group Twente. Pleural drains were
removed on POD 1 (left) and POD 2 (right).
Contrast CT scans and/or endoscopic imaging
were performed in cases of a clinically suspected
AL. Anastomotic leakage was defined as any sign
of leakage of the esophago-gastric anastomosis on
endoscopy, re-operation, radiographic investigations,
post mortal examination or when gastro-intestinal
contents were found in drain fluid. The severity of
AL was recorded according to the Clavien-Dindo
[21]
classification
and the Esophagectomy Complications
[22]
Consensus Group (ECCG) .
Patients with a proven AL were treated using
a nasogastric decompression tube, nil by mouth,
antibiotics, or endoscopic stent, or they underwent
thoracoscopic drainage of a pleural empyema or leak
closure.

Statistical analysis

Statistical analysis was performed using SPSS 22.0.
Normality of all data was evaluated using a Shapiro2
Wilk test. χ , Fisher’s exact and Mann-Whitney U tests
were used to compare the amylase levels between
patients with and without AL. Receiver operator
characteristic (ROC) curves were used to determine
the cut-off values. Sensitivity (SENS), specificity
(SPEC), positive predictive value (PPV), negative
predictive value (NPV), risk ratio and overall test
accuracy were calculated for elevated drain amylase
concentrations. Continuous data are presented as
medians with corresponding interquartile ranges, and
dichotomous results are presented as frequencies. A P
value < 0.05 was considered statistically significant.
The statistical methods of this study were reviewed
by epidemiologist/statistician S. Houterman, PhD from
the Catharina Hospital Eindhoven.

RESULTS
Patient characteristics

Eighty-nine patients were included from March 2013
until August 2014. One patient was excluded due to
postoperative pancreatitis (diagnosed with clinical
symptoms, elevated serum and drain amylase, and CT
scan confirmation). The median patient age was 66
years (range: 43-80), and 79.8% were male. Eightyeight percent of the patients received neoadjuvant
chemoradiation. All patients received a MI-ILE. Thirty
(33.7%) patients received a jejunostomy catheter
during surgery according to the local protocol, and

Amylase measurements

The amylase concentration in JP drain fluid was
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Table 2 Intrathoracic anastomotic leakage n (%)

Table 1 Patient characteristics
Anastomotic
No anastomotic
leakage (n = 15) leakage (n = 74)

Ⅰ
Ⅱ
Ⅲ

Neoadjuvant therapy
None
Chemotherapy
Chemoradiotherapy
Jejunostomy
Start of oral feeding
(POD)

n = 15/89 (16.9)
Intervention type
Antibiotics and NPO
Endoscopic stent
Surgical reintervention
According to Clavien-Dindo
Grade Ⅱ
Grade Ⅲa
Grade Ⅲb
Grade Ⅳa

1.001
12 (80)
3 (20)
71 (64-76)
1 (7)
11 (73)
2 (13)
4 (27)
4 (27)
5 (33)
0 (0)
3 (20)

59 (80)
15 (20)
65 (57-69)
2 (3)
51 (69)
18 (24)
34 (46)
18 (24)
17 (23)
1 (1)
13 (18)

1 (7)
11 (73)
3 (20)

5 (7)
46 (62)
23 (31)

0 (0)
0 (0)
15 (100)
6 (40)
1 (1-1)

6 (8)
4 (5)
65 (87)
24 (32)
1 (1-1)

0.012
0.431
1.001
0.511
0.251
1.001
0.403
1.001
0.731
0.462

0 (0)
9 (10.1)
0 (0)
6 (6.7)

Average of all drain amylase measurements
100000

0.762

0.573
0.462

1

Fisher’s exact test; 2Mann Whitney U test; 3χ 2 test. Values are presented as
absolute numbers (percentage) or medians (lower quartile-upper quartile).
POD: Postoperative day.

P = 0.003
10000

1000

100

10
AL

enteral feeding was initiated on POD 1 as an addition
to oral intake. The median time to begin oral intake
was POD 1. Table 1 shows the group characteristics.
No differences in group characteristics were observed
between patients with and without AL, except for age.
Patients with AL were older than were patients without
AL (P = 0.01).

NO AL

Figure 1 Whiskers-Tukey boxplot. Comparison of median drain amylase
levels using the average of all measurements. Dots in this figure are outliers. Al:
Anastomotic leakage.

Amylase concentration comparison

The combination of all amylase measurements per
patient (Figure 1) revealed that drain amylase levels
were higher in patients with AL than in patients
without AL [median 384 IU/L (IQR 34-6263) vs median
37 IU/L (IQR 26-66) P = 0.003].
Differences in daily drain amylase levels were also
found between patients with AL and patients without
AL on POD 1-3. The median drain amylase levels in
patients with AL on POD 1, 2 and 3 were 121 IU/L, 59
IU/L and 50 IU/L, respectively. The median levels in
patients without AL were 59 IU/L, 39 IU/L and 28 IU/L,
respectively.
Figure 2 shows the course of the daily median
drain amylase levels for patients with and without
AL. Patients without AL showed a gradual but steady
decrease in drain amylase concentrations over time.
The daily drain amylase levels in patients with AL also
declined, but the interquartile range of these values
increased daily.

Anastomotic leakage and overall mortality

Fifteen patients (16.9%) developed AL during
postoperative admission, and all AL cases were
confirmed using endoscopic imaging. The median
time to diagnosis was 7 d (IQR 3-12). Treatment
with antibiotics and nil-by-mouth was sufficient in
8 patients (9.0%). Four patients (4.5%) received
surgical reintervention. Table 2 shows the severity of
anastomotic leakage according to the Clavien-Dindo
classification and the ECCG. One patient (1.1%)
without AL died within 30 d after surgery due to
pneumonia and acute respiratory distress syndrome
(ARDS).

Drain placement

The Jackson-Pratt drain in patients with AL was
retrospectively evaluated at its closest distance to
the esophago-gastric anastomosis on CT imaging.
The median distance for patients with elevated drain
amylase was 11.0 mm compared with a median
distance of 34.5 mm for patients with normal amylase
levels (P = 0.06).

WJG|www.wjgnet.com

8 (9.0)
3 (3.4)
4 (4.5)

NPO: Nil-by-mouth.

Drain amylase concentration (IU/L)

Sex
Male
Female
Age
Steroid use
Comorbidity
Cardiac
Vascular
Diabetes
Pulmonary
Renal
BMI > 30 kg/m2
ASA score

P value

Accuracy of amylase concentration

Table 3 presents different cut-off values. Optimal cutoff values were determined using ROC curves. The
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Drain amylase concentration (IU/L)

A

Median amylase levels for patients with AL

Table 3 Diagnostic value of drain amylase
a

Time of measurement

6

Per postoperative day
POD 1
0.672
POD 2
0.676
POD 3
0.685
Any POD
Same cut-off as Machens
et al[17]
Most accurate in our
cohort

a

a
1000

a

a

100

10
1

2

3

4

5

Postoperative day

B
Drain amylase concentration (IU/L)

AUC

10000

Cut-off Sensitivity Specificity
(IU/L)

RR

350
200
160

21.4
26.4
35.7

95.6
95.7
94.0

3.5a
4.0a
4.4a

600

53.3

97.3

9.0a

1900

53.3

98.7

10.2a

Values are presented as international units per liter or as percentages. aP <
0.05 vs control. POD: Postoperative day; AUC: Area under the curve; RR:
Risk ratio.

Median amylase levels for patients without AL

3-6). Five of these 9 patients had early elevations of
their amylase levels, with a median of 2 d (IQR 2-5)
before signs and symptoms occurred. In 4 of these 9
patients, the elevation of amylase levels occurred after
signs and symptoms were observed.

10000

1000

100

DISCUSSION
10
1

2

3

4

5

Anastomotic leakage following MI-ILE is a dreaded
complication that is associated with a significant
[4,6]
increase in morbidity and mortality
, which
emphasizes the need for early diagnosis and treat
[8]
ment . The anastomotic leakage rate in our study
(4.5% required surgical re-intervention, 16.9%
overall) is comparable to the published data of patients
undergoing Ivor-Lewis esophagectomy. A large
published series of patients undergoing MI-ILE included
530 patients, and 4% had an anastomotic leakage
that required reoperation, and 2% showed necrosis
[1]
[25]
of the gastric conduit . Rutegård et al
described a
5% rate of AL that required surgery in a nationwide
prospective study. The incidence of AL varies between
6 and 28% when AL was defined as requiring any type
[2,5]
of intervention .
Little is known about the value of drain amylase
for detecting AL in esophageal surgery. Amylase in
drain fluid following gastric or pancreatic surgery was
described previously as a potential adjunct in the
diagnosis of AL. However, there is no consensus on
its clinical potential in the diagnosis of AL following
gastric bypass surgery or pancreaticoduodenectomy
because of the variable results presented in the current
[13-16,26-28]
literature
.
[17]
Machens et al
described the use of amylase in
drain fluid to detect AL in a small series of 12 patients
with cervical anastomosis following esophagectomy.
The results obtained in this study indicated that AL
was chemically detectable in drain fluid by a mean of
2.1 d before clinical evidence. However, no definitive
conclusions could be drawn because few patients were
included and because no comparisons were performed
with a group without AL. No work published the value

6

Postoperative day

Figure 2 Daily median drain amylase levels in patients with (A) and without
(B) anastomotic leakage. Error bars represent interquartile range. aP < 0.05. Al:
Anastomotic leakage.

area under the curve for cut-off values on POD 1, 2
and 3 was approximately 0.68. Cut-off values for POD
1, 2 and 3 were 350 IU/L, 200 IU/L and 160 IU/L,
respectively. The specificity of these values ranged
from 94.0% to 95.7%, and the sensitivity ranged from
21.4% to 35.7%.
[17]
Machens et al
used a cut-off value of 600 IU/L
independently of the day of postoperative measure
ment. A cut-off value of 600 IU/L in this trial revealed
a sensitivity of 53.3% and a specificity of 97.3%.
Furthermore, this cut-off value correlated with a
positive predictive value of 80.0% and a negative
predictive value of 92.3%. A cut-off value of 1900 IU/L
was the most accurate in our cohort, independent
of postoperative day measurement. We achieved a
sensitivity of 53.3% and a specificity of 98.7% using
this cut-off value.

Amylase concentration in relation to signs and
symptoms

An elevated amylase level (i.e., higher than the
specific cut-off values for each postoperative day) was
found in 9 of the 15 patients (60%) with AL. Patients
with AL developed signs and symptoms (e.g., atrial
fibrillation, acute respiratory insufficiency, elevation of
inflammation markers, fever) on median POD 4 (IQR
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of drain amylase as an early indicator for AL following
esophageal surgery since this study was conducted in
1996.
Our data demonstrated that the median drain
amylase levels in patients with AL were higher than
patients without AL on POD 1-3 and POD 6. This
result might reflect an early stage of AL. However,
the drain amylase levels are also slightly elevated in
patients without AL in the first postoperative days. This
elevation may be due to spilled saliva during surgery
or to an early, but transient, saliva leak between the
sutures or staples. This observation is consistent
with elevated drain amylase on POD 1-3 in patients
[15,28]
following pancreaticojejunostomy
. Nevertheless,
an increase in drain amylase was observed as early as
the first POD in patients with AL in our study.
Our data show that a drain amylase level > 350 IU/L
on POD 1, > 200 IU/L on POD 2 and > 160 IU/L on
POD 3 and cut-off values of 600 and 1900 IU/L were
very specific for AL. However, sensitivity was limited,
and low amylase levels in drain fluid do not exclude
AL. This result may be explained in several ways. An
omental wrap is draped around the anastomosis at the
end of the surgical procedure. This omental wrap may
act as a physical barrier between the leakage site and
the drain, which leads to decreased detection in drain
fluid. Another explanation is the positioning of the JP
drain. The drain is routinely positioned in the right
thorax, but dislocation may occur. Dislocation would
cause inadequate drainage and lead to decreased
sensitivity.
The position of the drain in our study was reevaluated in patients who underwent a CT scan
and were diagnosed with AL. The median distance
between the anastomosis and the drain was shorter
in patients with elevated drain amylase levels than in
patients without elevated drain amylase levels, but this
difference was not significant. Therefore, the distance
of anastomosis to the drain may influence the analysis
of the detection potential of drain amylase. Another
explanation for the observed low sensitivity may be
early drain removal. Drain removal before AL was
diagnosed may contribute to lower sensitivity. These
items may partially account for the low sensitivity,
which could be addressed in future prospective studies
to improve sensitivity. Two patients were diagnosed
with AL after drain removal. These patients had normal
postoperative amylase levels, and the diagnostic value
would increase slightly if these patients were excluded.
The sensitivity increased to 61.5% when the cut-off
value of 1900 IU/L was used.
We chose not to exclude these patients because
their exclusion could lead to a suspicion of selection
bias.
We’ve observed elevation of drain amylase levels
in patients after symptoms of anastomotic leakage
occurred. These patients were treated when diagnosis
was confirmed, possibly elevation of amylase occurred
by manipulation of the anastomosis in gastroscopy

WJG|www.wjgnet.com

and/or surgical intervention.
It is possible that clinical decisions were made
based on the elevation of amylase during the posto
perative course, which potentially hampered our
data. The retrospective aspect of this study could not
prevent this clinical decision-making. This study only
included patients undergoing MI-ILE, and the results of
this study may not be applicable to different types of
esophageal surgery.
A prospective study is needed to ensure uniformity
per patient, i.e., standardized drain positioning and
time of drain removal. Future research including
high patient numbers and fewer missing values may
lead to more reliable cut-off values for drain amylase
levels that are predictive of AL. The influence of early
AL detection on patients’ outcome can be studied in
prospective studies.
In conclusion, the daily measurement of amylase
levels in drain fluid of a drain close to the anastomosis
is a simple, inexpensive and easy tool that may be
used as a marker for AL early after MI-ILE. Patients
with AL have significantly higher drain amylase levels
in the postoperative period. Elevated drain amylase
may be used to suggest the use of diagnostic tools,
such as endoscopy. However, clinical validation of this
marker is necessary to confirm its clinical usefulness.
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Background

Anastomotic leakage (AL) following an esophagectomy is a dreaded
complication that is associated with an increased length of stay, higher mortality
rates, and a worse oncological outcome. Several diagnostic modalities are
available to detect AL, such as computed tomography scan with contrast,
esophagography and endoscopy. However, each modality has its own drawback
because they either are invasive or require radiation. Amylase in drain fluid is
documented as a marker for AL after pancreatic surgery, but only one study
reported the use of this marker in esophageal surgery. An inexpensive and noninvasive marker could identify patients who require further invasive diagnostics.

Research frontiers

Multiple studies reported the diagnostic value of drain amylase to facilitate the
detection of leaks following and pancreatojejunostomy. The measurement of
amylase in drain fluid was used for several years in these studies as a simple
adjunct to detect AL in an early stage. The current hotspot is to identify the
usefulness of this marker in other types of surgery in the upper gastrointestinal
tract.

Innovations and breakthroughs

Esophagectomy is primarily performed because of esophageal cancer. This
major procedure is accompanied with high postoperative morbidity and
mortality, and it majorly impacts the patient’s quality of life. The introduction of
chemoradiotherapy as neoadjuvant treatment and improvements in surgical
techniques significantly improved overall survival. However, postoperative
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morbidity from anastomotic leakage remains high following an esophagectomy.
Early recognition of AL can reduce hospital stay and mortality. Further
reductions may be achieved if amylase in drain fluid is detected before clinical
symptoms occur.

10

Applications

This study suggests the possible usefulness of amylase in drain fluid as an
inexpensive and non-invasive marker for intrathoracic anastomotic leakage
after an esophagectomy.

11

Terminology

Anastomotic leakage is leakage from the new anastomosis of the esophagus
and the stomach in the thoracic cavity. This complication frequently occurs
after an esophageal resection. Amylase is an enzyme that is naturally present
in saliva and pancreatic fluid. Saliva runs down the esophagus, and saliva can
drip into the thoracic cavity when leakage is present.

12

Peer-review

13

The paper is an interesting analysis of the ability to detect anastomotic leakages
early in patients undergoing Ivor-Lewis esophagectomy with the use of an
easy, inexpensive test. Anastomotic leakage is an important complication after
esophagectomy, and the early detection of AL is crucial to establish adequate
treatments that influence the prognosis.
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Abstract
AIM: To investigate the nature and origin of cardiac
mucosa (CM).

Institutional review board statement: The study was performed
with waiver of confirmation by Pusan National University
Hospital.

METHODS: Biopsy samples from sixty-one individuals
were included in this study. The specimens were taken
“at”, “just below”, or “just above” the gastroesophageal
junction, including the histologic squamocolumnar
junction. Clinical data were obtained by reviewing
electronic medical records for each patient. Patients
with a history of stomach adenoma or carcinoma
and esophageal carcinoma were excluded, and cases
that were endoscopically suspicious of Barrett’s
esophagus or a polyp were also ruled out. Histologic
and endoscopic reviews were performed blinded to
the patient’s clinical data. Histologic evaluation was

Informed consent statement: The study was performed with
waiver of informed consent.
Conflict-of-interest statement: The authors have no conflict of
interest to declare.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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conducted by two pathologists, and endoscopic review
was performed by a endoscopist with wide experience
in the field. Histologically, the columnar epithelium of
squamocolumnar junction, presence and severity of
acute and chronic inflammation, atrophy, intestinal
metaplasia, and presence of carditis were evaluated.
Endoscopically, reflux esophagitis was evaluated by Los
Angeles (LA) classification, hiatal hernias were classified
by Hill grade, and gastroesophageal flap valves were
assessed.

http://www.wjgnet.com/1007-9327/full/v21/i30/9126.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i30.9126

INTRODUCTION
The incidence of gastroesophageal reflux disease
(GERD) and gastroesophageal junction (GEJ) adeno
carcinomas is increasing worldwide, especially in
[1,2]
Asia , though the prevalence remains lower than that
in the United States and Europe. The existence and
origin of cardiac mucosa (CM) at the GEJ is one of the
most hotly debated topics among gastroenterologists
and pathologists. There are two main opinions about
the nature and the origin of the CM at the GEJ: one is
[3-5]
that cardia and CM are a normal finding , and the
other is that CM is not a normal mucosa but rather
[6-10]
a metaplastic response to reflux stimuli
. In our
previous study, we suggested that CM originated from
the distal esophagus and the presence of CM is a
marker of GERD in esophagectomy specimens in the
[11]
Korean population . In general, distal esophageal
squamous epithelium, which cannot tolerate the
acidic proteolytic environment, is consistently exposed
[12]
to reflux damage during a patient’s lifetime . The
esophagus adapts to the reflux stimuli by metaplasia,
converting into columnar epithelium. Furthermore,
there are reports suggesting there is an association
[6,10,13]
between CM and GERD
, and still others showing
different results associating carditis (inflammation
[14-16]
of CM) and GERD
. Recently, the prospective
[17]
histoGERD trial , which analyzed biopsy specimens,
revealed that the presence of CM is associated with
symptoms and histologic changes of GERD and endo
scopic diagnosis of esophagitis. However, most of
these data were from Western countries where there is
a high prevalence of GERD. With this background, we
investigated the histopathologic nature of GEJ and CM
in a single institution in South Korea. Our data suggest
that CM is an indicator of GERD.

RESULTS: Fifty-nine of the 61 (96.7%) patients were
Korean; 65.6% (40/61) of the patients underwent
endoscopy according to the schedule of the National
Health Insurance Program as a screening inspection.
Of these, only 20.0% (8/40) of cases had reflux
symptoms. CM was present in 41/61 (67.2%)
individuals, and its presence was associated with
older age compared to oxyntocardiac mucosa/oxyntic
mucosa (60.59 ± 2.02 years vs 51.55 ± 3.35 years;
p = 0.018). The presence of CM was associated with
endoscopic diagnosis of esophagitis according to the
LA classification (p = 0.022). CM was associated with
mononuclear cell infiltration and neutrophilic infiltration,
which were statistically significant (p = 0.001, and p =
0.004, respectively). The inflammation of CM, “carditis”,
showed a statistically significant association with
endoscopic diagnosis of reflux esophagitis according to
the LA classification (p = 0.008).
CONCLUSION: CM at the gastroesophageal junction
is a common histologic finding in biopsy specimens,
though not always present, and associated with
gastroesophageal reflux disease and carditis severity.
Key words: Cardiac mucosa; Carditis; Gastroesophageal
junction; Gastroesophageal reflux disease; Histopathology
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Incidence of gastroesophageal reflux disease
and gastroesophageal junction (GEJ) adenocarcinomas
is increasing in Asia, though with a lower prevalence
than Western countries. The existence and origin of
cardiac mucosa (CM) at the GEJ is debated, but most
data were from a Western population. This study shows
that CM at the GEJ is a common histologic finding in
a chiefly Korean population, and 4.4% showed direct
continuity of oxyntic mucosa and squamous epithelium
even in single biopsy specimens. CM was associated
with gastroesophageal reflux disease and carditis
severity, suggesting CM may be an acquired structure
and is associated with reflux stimuli, similar to results
from Western populations.

MATERIALS AND METHODS
Patients and tissue selection

The tissue samples of GEJ were obtained by endoscopic
biopsy carried out at the Pusan National University
Hospital, South Korea, from 2011 to June of 2014. To
select the specimens from GEJs, a statistics program in
an electronic medical record system of Pusan National
University Hospital was used. First, using the search
phrase “gastroesophageal junction”, we identified 345
applicable cases. Sixteen cases were excluded from
the analysis because they had a history of esophageal
cancer, stomach cancer, or stomach adenoma. The
endoscopic findings were reviewed to precisely select
cases in which samples were obtained only “at”, “just
below”, or “just above” the GEJ, and to exclude cases
that were clinically polyp lesions. This resulted in an

Kim A, Park WY, Shin N, Lee HJ, Kim YK, Lee SJ, Hwang
CS, Park DY, Kim GH, Lee BE, Jo HJ. Cardiac mucosa at the
gastroesophageal junction: An Eastern perspective. World J
Gastroenterol 2015; 21(30): 9126-9133 Available from: URL:
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Under search word “GEJ”
from 2012 to June of 2014

345 cases
16 cases: Stomach or esophageal cancer or stomach
adenoma
329 cases
35 cases: Endoscopically polyp or inappropriate biopsy
site
13 cases: Endoscopically suspicious of Barret’s
esophagus

281 cases
174 cases: Not including histologic squamocolumnar
junction
46 cases: Ulcer, exudate, extensive inflammation,
scanty amount

61 cases

Figure 1 Patient and tissue selection. All included samples were obtained from the gastroesophageal junction (GEJ) with histologic squamocolumnar junctions and
proper amounts of glandular components.

additional 35 cases being excluded. Thirteen cases
endoscopically suspicious of Barrett’s esophagus were
also excluded. Finally, the histologic features were
reviewed by two pathologists. Only samples containing
histologic squamocolumnar junctions (SCJs) were
included; thus, an additional 174 cases were excluded.
Cases with only surface epithelium without a glandular
portion were excluded, and samples with marked
acute inflammation or ulcer were also excluded. Thus,
the final study cohort consisted of 61 individuals (see
Figure 1) with biopsy samples obtained from the GEJ
with histologic SCJ, and proper amounts of glandular
components.

according to the criteria indicated below.
The GEJ was defined as the oral side end of the
fold, which is present continuously from the gastric
[18]
lumen , as well as the end of the anal side of the fine
longitudinal vessel, because the veins in the lower part
of the esophagus were distributed uniformly, running
[19,20]
parallel and longitudinally in the lamina propria
.

Reflux esophagitis

If esophagitis was present, it was graded according to
[21,22]
the Los Angeles (LA) classification
, which focuses
not only on the extent of mucosal breaks but also on
minimal changes (see Figure 2). All categories but
0, by the LA classification, were considered as reflux
esophagitis.

Assessment by endoscopy

All endoscopists had wide experience in the field. The
esophagus, GEJ, and stomach of all patients were
examined. For endoscopy, a single channel endoscope
(GIF-H260 or GIF-Q260; Olympus Co. Ltd., Tokyo,
Japan) was used. A highly experienced endoscopist,
performing over 500 endoscopies per year for over
a decade, reviewed all photographs captured during
the endoscopy. In addition, the endoscopist was blind
to the clinical and histologic data. The presence or
absence of reflux esophagitis and hiatal hernia was
evaluated, and the gastroesophageal flap valve (GEFV),
which reflects reflux, was graded retrospectively

WJG|www.wjgnet.com

Hiatal hernia

Hiatal hernia was defined as a circular extension of the
gastric mucosa above the diaphragmatic hiatus > 2
[23]
cm in the axial length .

GEFV

The GEJ was viewed using a retroflexed endoscope
during gastric inflation and GEFV was graded by the
[24]
recently described grading system by Hill et al . The
GEFV is largely classified into two groups: the normal
appearance (grades Ⅰ and Ⅱ) group and the reflux
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A

A

B

B

C

C

Figure 2 Endoscopic findings of gastroesophageal junction. A: Los
Angeles (LA) classification 0 indicates normal gastroesophageal junction
(GEJ) with no mucosal breaks; this case showed oxyntic mucosa at the GEJ
histologically; B: LA classification A indicating one or more mucosal breaks ≤
5 mm in length. Microscopically, it showed cardiac mucosa at the GEJ; C: LA
classification B with one or more mucosal breaks > 5 mm in length; this case
had cardiac mucosa at the GEJ.

Figure 3 Columnar epithelium of squamocolumnar junction. A: Oxyntic
mucosa composed entirely of parietal and chief cells without mucous cells
below the foveolar region; B: Oxyntocardiac mucosa containing a mixture
of mucous cells and parietal cells; C: Cardiac mucosa composed entirely of
mucous cells without any parietal cells (hematoxylin-eosin staining, × 100
magnification). Insets show high magnification finding (× 400 magnification) of
glandular component of the gastroesophageal junction.

appearance (grades Ⅲ and Ⅳ) group.

Sydney system for evaluation of gastritis . Cardiac
mucosal inflammation (carditis) was defined by the
presence of neutrophils in the lamina propria or glands
(mild or more than mild infiltration of neutrophils by
Sydney classification), or the presence of plasma
cells, lymphocytes, and eosinophils in the lamina
propria (moderate or more than moderate infiltration
of mononuclear cells by the Sydney classification).
The presence of pancreatic acinar cells, defined as
small clusters or lobules of epithelial cells similar to
[26]
pancreatic acinar cells in CM , was also evaluated.

[25]

Histologic assessment

All samples were fixed in 10% buffered formalin,
embedded in paraffin, cut at a minimum of four levels,
and stained with hematoxylin and eosin. All biopsy
samples were assessed by two pathologists who
were blinded to clinical data and endoscopic findings.
The columnar epithelium of the SCJ was classified
according to the type of glandular component present
(see Figure 3) as follows: (1) oxyntic mucosa (OM); (2)
oxyntocardiac mucosa (OCM); or (3) CM. The presence
and severity of inflammation, atrophy, and intestinal
metaplasia were evaluated based on the updated
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Statistical analysis

Statistical comparisons were made between: (1)
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Table 1 Relationship between mucosal type and endoscopic
findings n (%)

Table 3 Relationship between carditis and endoscopic
findings n (%)

Assessment

Assessment

Mucosa type
OM/OCM (n = 20)

Los Angeles classification
N
M, A, B, C, D
Hill grade
Normal (1, 2)
Reflux (3, 4)
Hiatal hernia
Absent
Present

CM (n = 41)

P value

15 (75.0)
5 (25.0)

18 (43.9)
23 (56.1)

0.022

16 (80.0)
4 (20.0)

27 (65.9)
14 (34.1)

0.255

15 (75.0)
5 (25.0)

22 (53.7)
19 (46.3)

0.109

Los Angeles classification
N
M, A, B, C, D
Hill grade
Normal (1, 2)
Reflux (3, 4)
Hiatal hernia
Absent
Present
Helicobacter pylori infection
Absent
Present

CM: Cardiac mucosa; OCM: Oxyntocardiac mucosa; OM: Oxyntic mucosa.

Table 2 Relationship between mucosal type and severity of
inflammation n (%)
Assessment

Mononuclear cell infiltration
Mild
Moderate, marked
Neutrophil infiltration
Absent
Mild, moderate, marked
Intestinal metaplasia
Absent
Present
Helicobacter pylori infection
Absent
Present

CM
(n = 41)

P value

11 (55.0)
9 (45.0)

6 (14.6)
35 (85.4)

0.001

17 (85.0)
3 (15.0)

19 (46.3)
22 (53.7)

0.004

17 (85.0)
3 (15.0)

28 (68.3)
13 (31.7)

0.164

16 (80.0)
4 (20.0)

33 (80.5)
8 (19.5)

0.964

Assessment
Mononuclear cell infiltration
Neutrophil infiltration
Los Angeles classification
Age

18 (75.0)
6 (25.0)

15 (40.5)
22 (59.5)

0.008

20 (83.3)
4 (16.7)

23 (62.2)
14 (37.8)

0.077

17 (70.8)
7 (29.2)

20 (54.1)
17 (45.9)

0.190

20 (83.3)
4 (16.7)

29 (78.4)
8 (21.6)

0.634

P value

Adjusted odds
ratio

95%CI

P value

4.230
4.296
2.969
1.038

1.003-17.833
0.958-19.267
0.771-11.430
0.989-1.089

0.049
0.057
0.114
0.130

CI: Confidence interval.

and OM were found in 17/61 (27.9%) cases and
3/61 (4.9%) cases, respectively. These data indicate
that in at least 32.8% of the cases, there was no
circumferential presence of CM. Pancreatic acinar cells
were found in 6/61 (9.8%) cases, and the esophageal
gland duct was present in 1/61 (1.6%) cases.
Regarding the clinicopathologic significance of CM
in terms of GERD, Table 1 describes the relationship
between the type of mucosa and endoscopic findings.
The presence of CM was significantly associated
with endoscopic diagnosis of reflux esophagitis accor
ding to the modified LA classification (p = 0.022).
Furthermore, Table 2 shows that the presence of CM
was significantly associated with chronic inflammation
(moderate or marked infiltration of mononuclear
cells in lamina propria) and activity of inflammation
(neutrophilic infiltration in lamina propria and/or
glands) (p = 0.001 and p = 0.004, respectively).
Table 3 shows the relationship between the presence
of carditis and the endoscopic findings. The presence
of carditis was associated with endoscopic diagnosis
of reflux esophagitis according to the modified LA
classification (p = 0.008). On multivariate analysis,
mononuclear cell infiltration reflecting chronic
inflammation was significantly associated with CM (P
= 0.049), and neutrophilic infiltration, which indicates
an acute inflammatory condition, was associated
with presence of CM, though it was not statistically
significant (P = 0.057) (Table 4).
Interestingly, the presence of pancreatic acinar cells

CM: Cardiac mucosa; OCM: Oxyntocardiac mucosa; OM: Oxyntic mucosa.

patients with CM at GEJ and patients with OM or OCM
at GEJ; and (2) patients with carditis and patients
without carditis. The data were analyzed for differences
2
between groups by Student’s t or χ tests. Logistic
regression was used for multivariate analysis. p <
0.05 was considered statistically significant. Statistical
calculations were performed using SPSS version 10.0
for Windows (SPSS Inc., Chicago, IL, United States).
The biomedical statistical review of this study was
performed by Jinmi Kim, PhD, a research professor
in the Department of Biostatistics at the Clinical Trial
Center, Pusan National University Hospital.

RESULTS
The patients ranged in age from 29 years to 80 years
(mean age 57.62 years, median age 59.00 years).
Fifty-nine of the 61 (96.7%) patients were Korean,
and the other two patients were Russian. The presence
of CM was significantly associated with older age
compared with OM/OCM (60.59 ± 2.017 years vs
51.55 ± 3.353 years; p = 0.018).
CM was found in 41/61 cases (67.2%), and OCM

WJG|www.wjgnet.com

Carditis
Present
(n = 37)

Table 4 Logistic regression analysis between oxyntic mucosa/
oxyntocardiac mucosa and cardiac mucosa

Mucosa type
OM/OCM
(n = 20)

Absent
(n = 24)
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was significantly associated with hiatal hernia (p =
0.039), but there was no association with the presence
of pancreatic acinar cells and endoscopic reflux
esophagitis, intestinal metaplasia, or Helicobacter
pylori (H. pylori) infection (data not shown, p = 0.130,
p = 0.163, p = 0.202, respectively). The esophageal
gland duct was present in one case, and the duct was
present among the glandular component.

Regarding the significance of CM in GEJ, Chandrasoma
[13]
et al
reported that the squamo-oxyntic gap (OCM
± CM ± intestinal epithelium between squamous
epithelium and the OM) is equivalent to the columnarlined esophagus, and its presence is an indicator of
reflux, defining the presence of intestinal metaplasia
within the squamo-oxyntic gap as Barrett’s esophagus.
According to their criteria, 26.2% (16/61) of the cases
in the present study can be classified as Barrett’s
esophagus.
The origin and the significance of pancreatic acinar
cells are variably reported in the literature as being
[28]
[29]
a congenital structure
or metaplastic elements
related to GERD. In this study, the presence of
pancreatic acinar cells was associated with hiatal
hernia, but there was no association with endoscopic
diagnosis of reflux esophagitis, reflux appearance of
GEFV, carditis, or H. pylori infection (data not shown).
The nature and significance of the pancreatic acinar
cells at the GEJ should be further defined.
The results of this study provide data supporting
the notion that the CM may be an acquired structure
and is associated with reflux stimuli, similar to results
derived from Western populations. This study has
many limitations, mainly because we were unable
to evaluate the histologic findings in the esophagus
and remainder stomach because the study was
performed retrospectively. Prospective, systematic,
and multicenter studies are required to confirm the
data presented herein.

DISCUSSION
The results of this study demonstrate that the presence
of CM at the GEJ is significantly associated with the
presence of GERD and severity of carditis. Multivariate
analysis revealed that a chronic inflammatory condition
is associated with presence of CM, suggesting that the
presence of CM reflects the reflux damage and can
thus be considered as an indicator of GERD. The data
might indirectly support evidence of a rising incidence
of GERD or adenocarcinomas of the GEJ and proximal
stomach in Asia, though these results are based on a
small retrospective dataset from a single institution.
We previously analyzed 30 esophagogastrec
[11]
tomy specimens
and found that CM was present
circumferentially in 66.7% of cases. So, 33.3% of
the cases had direct continuity of OM and squamous
epithelium. In the present study, even with biopsy
samples, three cases (4.9%) showed direct continuity
of OM and squamous epithelium, even though the
samples were not obtained systematically around the
GEJ. A significant association between CM and older
age was also observed.
The Korean Ministry of National Health and Welfare
provide nationwide health medical examinations
with national health insurance. This includes biennial
endoscopic examinations targeting adults aged more
than 40 years. In the current study, 65.6% of patients
underwent endoscopy according to the schedule of
the National Health Insurance Program as a screening
inspection. Of these, only 20.0% (8/40) of cases had
any reflux symptoms.
The cause of carditis is a controversial topic.
Currently, it is thought to result from gastroesophageal
reflux or a proximal extension of H. pylori infection from
[14]
the remnant of the stomach. Der et al reported that
acute and chronic inflammation of the CM had different
etiologic factors, being distal gastritis and H. pylori
infection, and acid reflux, respectively. In addition,
there are reports elucidating the etiology of carditis by
[15]
status of H. pylori infection and presence or absence
[27]
of chronic gastritis of the remainder stomach .
The present study was performed retrospectively,
and samples from the remainder stomach were not
available for evaluation, so we could not evaluate the
possibility of gastritis involving GEJ and the status of H.
pylori infection of the remainder stomach. Although we
could not determine the cause of carditis, all of these
findings indirectly suggest that CM itself reflects the
inflammatory condition associated with reflux stimuli.

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

In Asia, the prevalence of gastroesophageal reflux disease and gastro
esophageal junction (GEJ) adenocarcinoma is lower than Western population,
but the incidence is increasing. The existence and origin of cardiac mucosa (CM)
at the GEJ is a hotly debated topic, and there are two main opinions about the
nature and the origin of CM at the GEJ: that it is a normal congenital structure
or a metaplastic response to reflux stimuli. However, most of the data are from
Western countries.

Research frontiers

Histologically, CM was a common finding but 3/61 (4.9%) cases had oxyntic
mucosa (OM) even in a single biopsy sample, which means they had direct
continuity of squamous epithelium and OM. The association between an
inflammatory condition and presence of CM at the GEJ suggests that CM may
be an acquired structure associated with reflux stimuli, which is a similar result
to Western datasets.

Innovations and breakthroughs

The present study could not evaluate the possibility of extension of distal
gastritis or impact of Helicobacter pylori infection, as the authors performed a
retrospective study and the biopsy procedure was not performed systematically.
However, the absence of CM (meaning oxyntocardiac mucosa or OM at
the GEJ) even in single biopsy samples reinforces that CM is not located
circumferentially, which indirectly suggests that CM may not be a normal
congenital structure. Furthermore, the association between severity of
inflammation and presence of CM supports the idea that the presence of CM
at the GEJ can be an indicator of reflux stimuli. Also, according to the criteria
used by Chandrasoma et al, 26.2% (16/61) of cases in the present study
belong to Barrett’s esophagus, which may explain the rising incidence of
gastroesophageal reflux disease and GEJ adenocarcinoma in Asia.
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Applications

12

The presence of CM at the GEJ can be a histologic indicator of reflux stimuli.
The results of this study indicate the need to perform a multicenter and
prospective study to better elucidate the nature and origin of CM at GEJ.

13

Terminology

The columnar epithelium of squamocolumnar junction was classified according
to the type of glandular component: (1) OM composed entirely of parietal
and chief cells without any mucous cells below the foveolar region; (2)
oxyntocardiac mucosa, which contains a mixture of mucous cells and parietal
cells; and (3) CM composed entirely of mucous cells without any parietal cells.

14

Peer-review

15

Well-written, it’s better to add demographic data of the patients and multivariate
analysis.
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Abstract
AIM: To investigate the predictive factors of selfexpandable metallic stent patency after stent placement
in patients with inoperable malignant gastroduodenal
obstruction.

Institutional review board statement: The study was reviewed
and approved by the Korea University Anam Hospital Institutional
Review Board.
Informed consent statement: All of the study participants
provided informed written consent prior to study enrollment.

METHODS: A total of 116 patients underwent stent
placements for inoperable malignant gastroduodenal
obstruction at a tertiary academic center. Clinical
success was defined as acceptable decompression of the
obstructive lesion within the malignant gastroduodenal
neoplasm. We evaluated patient comorbidities and
clinical statuses using the World Health Organization’s
scoring system and categorized patient responses to
chemotherapy using the Response Evaluation Criteria
in Solid Tumors criteria. We analyzed the relationships
between possible predictive factors and stent patency.

Conflict-of-interest statement: All authors have no conflicts of
interest or financial ties to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Self-expandable metallic stent placement
was technically successful in all patients (100%), and
the clinical success rate was 84.2%. In a multivariate
Cox proportional hazards model, carcinoembryonic
antigen (CEA) levels were correlated with a reduction in
stent patency [P = 0.006; adjusted hazard ratio (aHR)
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[7-9]

= 2.92, 95%CI: 1.36-6.25]. Palliative chemotherapy
was statistically associated with an increase in stent
patency (P = 0.009; aHR = 0.27, 95%CI: 0.10-0.72).

for gastrojejunostomies . However, complications
that include stent migration and tumor overgrowth
[4,10]
frequently occur after SEMS placement
, and,
although rare, severe complications such as bleeding
and perforations can occur. In addition, providing a
variety of treatments for gastrointestinal cancer could
prolong patient survival for those who have malignant
gastroduodenal obstruction. Therefore, estimating
SEMS patency after it has been inserted is important
for determining its effectiveness as a palliative therapy
for malignant gastroduodenal obstruction. However,
few published studies are available that describe the
predictive factors of stent patency in patients who
have undergone SEMS placements for the palliative
treatment of inoperable malignant gastroduodenal
[11-13]
obstruction
. Some studies have reported that
chemotherapy is a prognostic factor significantly
[11,14]
associated with increased stent patency
. Addi
[15,16]
tionally, malignant obstructive lesions
and the type
[17]
of SEMS inserted
have been shown to be possible
prognostic factors. Controversies remain about these
predictive factors, and demand is increasing for simple
and effective predictive factors that are associated with
stent patency in inoperable malignant gastroduodenal
obstruction.
Carcinoembryonic antigen (CEA) is a frequently used
tumor marker, and its levels are usually elevated in
the serum of patients who have colorectal carcinomas,
[18]
gastric carcinomas, and pancreatic carcinomas .
However, its value in evaluating stent patency has not
been fully elucidated.
This study aimed to assess the efficacy of SEMS
and to determine possible predictive factors associated
with stent patency in the palliative therapy of
malignant gastroduodenal obstruction.

CONCLUSION: CEA levels can easily be measured at
the time of stent placement and may help clinicians to
predict stent patency and determine the appropriate
stent procedure.
Key words: Malignant gastroduodenal obstruction;
Stent; Patency; Predictive factor; Carcinoembryonic
antigen
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Self-expandable metallic stent placement is
an effective palliative treatment in patients who have
inoperable malignant gastroduodenal obstruction.
However, clinical parameters associated with stent
patency have been controversial. This retrospective
study investigated the potential predictive factors of stent
patency. We found that carcinoembryonic antigen level
is an easily determined parameter that is associated with
stent patency in malignant gastroduodenal obstruction.
Kim SH, Chun HJ, Yoo IK, Lee JM, Nam SJ, Choi HS, Kim
ES, Keum B, Seo YS, Jeen YT, Lee HS, Um SH, Kim CD.
Predictors of the patency of self-expandable metallic stents in
malignant gastroduodenal obstruction. World J Gastroenterol
2015; 21(30): 9134-9141 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i30/9134.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9134

INTRODUCTION

MATERIALS AND METHODS

Up to 20% of patients with progressive pancreatic or
peripancreatic malignancies may experience symptoms
caused by gastric outlet obstruction, including nausea,
vomiting, dehydration, and poor nutrition, which cause
[1,2]
considerable morbidity . Surgical gastrojejunostomy
has been considered a classic treatment option for
malignant gastroduodenal obstruction. While surgical
gastrojejunostomy offers good functional outcomes
and symptom improvements have been noted in
[3]
72% of patients , it can have high rates of mortality
[4]
(2%-36%) and morbidity (13%-55%) . Poor
outcomes following gastrojejunostomy have been
[5,6]
reported in past studies . Additionally, this surgical
procedure is not appropriate for patients whose
physical status prevents them from tolerating surgery.
Recently, self-expandable metallic stent (SEMS)
insertion has emerged as an effective and feasible
technique for the palliation of inoperable malignant
gastroduodenal obstruction. SEMS insertions can
facilitate the rapid resumption of oral intake and shorter
hospital stays compared to the hospital stays required
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Patients

We retrospectively collected data relating to stent
placement procedures performed between January
2006 and April 2013. A total of 116 patients underwent
stent placements for malignant gastroduodenal
obstruction at the Korea University Medical Center,
and, of these, 56 patients were enrolled to participate
in this study. The inclusion criteria for this study were
patients who had inoperable malignant gastroduodenal
obstruction and patients who had symptoms caused
by gastroduodenal obstruction. The exclusion criteria
were patients who had benign strictures, patients
who had surgery performed after stent placement,
and patients for whom a CEA value was not recorded
when the stent was inserted. This study was reviewed
and approved ethically by the Korea University Anam
Hospital Institutional review board (IRB No. ED13047).

Stent characteristics

We used Hanarostent SEMS (M. I. Tech, Seoul, South
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A

B

Figure 1 Gastric outlet obstruction. A: The injection of the contrast medium shows the stricture (arrow); B: A 9 cm stent was successfully placed, and the passage
of contrast medium was visible.
[20]

Korea). The stents’ diameters were 18-20 mm and they
were 60-160 mm long. Of the 56 stent placements,
covered stents were used in 27 patients and
uncovered stents were used in the remaining patients.
The physician who performed the stent placements
decided which stent type to use based on the clinical
situation. The size of the stent was chosen based
on the approximate dimensions of the stricture, and
its length was determined by adding 20 mm to the
stricture length on both sides.

abdominal radiographs . The gastric outlet obstruction
scoring system (GOOSS) was also used to assess oral
[21]
dietary intake levels before and after the procedure .
We evaluated the patients’ comorbidities and clinical
statuses using the World Health Organization’s scoring
[22]
system . We categorized the patients’ responses to
chemotherapy using the Response Evaluation Criteria in
[23]
Solid Tumors criteria . A responder to chemotherapy
was defined as a patient who had a complete response,
a partial response or stable disease after chemotherapy,
while a non-responder was defined as a patient who
had progressive disease after chemotherapy.
We analyzed the relationships between possible
predictive factors and stent patency.

Stent placement

We used a GIF-H260 endoscope (Olympus Optical
Co., Ltd, Tokyo, Japan) in this study. An experienced
endoscopist successfully inserted all of the stents
using a combined endoscopic and fluoroscopic method
(Figure 1). The details of the stent deployment
procedure used have been described in a previous
[19]
study . The stent placement procedure was
performed while the patients were under standard
conscious sedation induced by propofol and/or
midazolam and in either the left decubitus position or
the prone position. Patients were advised to consume
water or a liquid diet on the day of the procedure and
a soft diet on the day following the procedure.

Follow-up

The relief of obstructive symptoms was assessed
during the follow up period using endoscopy, using
abdominal radiography, and from patient interviews.
The patients were followed until stent failure or death.
The reasons underlying stent failure were categorized
as restenosis, migration, stent fracture, or any other
reason that interrupted stent patency. Symptoms and
signs were monitored during the follow-up period and
used to indicate stent failure. When stent failure was
suspected, abdominal radiographic and endoscopic
evaluations were performed to assess stent patency.
The data were obtained from clinical records,
endoscopic reports, and radiologic reports.

Clinical outcomes and definitions

The duration of stent patency was defined as the time
from stent insertion to the time that stent dysfunction
occurred due to tumor ingrowth or stent migration. If
no complications that were associated with the stent
arose, the duration of stent patency was considered
to be identical to the patient’s duration of life or the
last day the patient visited the hospital. The technical
success of the stent was defined as its successful
placement at the site of the obstruction. Clinical success
was defined as acceptable decompression of the
obstructive lesion within the malignant gastroduodenal
neoplasm, and clinical success was confirmed when
there were indications that the obstructive symptoms
had been relieved; namely, the resumption of oral
food intake and the resolution of obstructive signs on
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Statistical analysis

The independent samples t-test and Fisher’s exact test
were used to compare the variables. We compared
the CEA levels between the study cohorts based on
stent dysfunction using the Mann-Whitney U test.
The optimal cut-off value of CEA for predicting stent
patency was determined using a receiver operating
characteristic (ROC) curve. The area under the ROC
curve and the significance level were analyzed. A Cox
proportional hazards regression model was used to
analyze the significance of the relationship between
the possible predictive factors and stent patency in
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Table 1 Characteristics of the patient population, n = 56

116 stent placed patients

n (%)

Characteristic
Mean age, yr (range)
Sex (men:women)
Chemotherapy
Etiology
Gastric cancer
Pancreatic cancer
Cancer status
Locally advanced
Metastasis
Stent
Covered
Uncovered
WHO score
1
2
GOOSS score
0
1
2
3

Cancer other than gastroduodenal cancer, Benign
lesion (n = 33)

83 eligible patients

Stent insertion before operation (n = 15)
CEA not checked (n = 12)

56 patients analyzed

Figure 2 Study flow chart. CEA: Carcinoembryonic antigen.

malignant gastroduodenal obstruction. Those patients
whose follow-up assessments were discontinued were
censored. The P values were derived from two-tailed
tests, and a P value < 0.05 was considered significant.
The statistical analyses were performed using PASW
Statistics for Windows, Version 18.0 (SPSS Inc.,
Chicago, IL, United States). The statistical methods of
this study were reviewed by Kyung Sook Yang from
Department of Biostatistics, Korea University College
of Medicine, Seoul, South Korea.

35 (62.5)
21 (37.5)
5 (8.9)
51 (91.1)
27 (48.2)
29 (51.8)
49 (12.5)
7 (87.5)
19 (33.9)
36 (64.2)
1 (1.8)
0 (0)

GOOSS: Gastric outlet obstruction scoring system; WHO: World Health
Organization.

related deaths. SEMS placement was technically
successful in all of the patients (100%), and the
clinical success rate was 84.2%. We evaluated clinical
improvements in the gastric outlet obstruction using
the GOOSS score. The GOOSS score was 0.67 before
stent insertion and 2.42 after stent insertion. Each
of the patients for whom the procedure was clinically
successful showed improvements in their post-stent
oral consumption.
Stent migration occurred in two patients (3.5%),
and stent ingrowth occurred in 13 patients (23.2%).
The sources of the malignancies in the patients who
experienced stent migration were the stomach (n =
1) and the pancreas (n = 1). Both patients underwent
stent placement using covered stents and received
chemotherapy after stent insertion. When a stent
migrated, it was immediately replaced by another
stent.

RESULTS
A total of 116 patients underwent stent placements
for gastroduodenal obstruction at the Korea University
Medical Center between January 2006 and April
2013, and, of these, 83 patients underwent SEMS
insertions for malignant gastroduodenal obstruction.
Fifteen patients were excluded from the study because
they underwent surgery after stent insertion, and
12 patients (14.5%) were excluded from the study
because their CEA level was not measured when the
stents were inserted. Consequently, 56 patients were
included in the final analyses (Figure 2). None of the
patients underwent radiotherapy.
The characteristics of the patients who were
included in the final analyses are summarized in Table
1. The patients were admitted to the hospital for a
mean duration of 15.7 d. The most common stage
of malignancy was Stage Ⅳ. Twelve patients started
chemotherapy within 2 wk prior to stent insertion,
while the remaining patients started chemotherapy
within 4 wk after stent insertion. Chemotherapy
was not administered to patients who had comorbid
conditions or did not wish to receive chemotherapy.

Factors associated with stent patency

Univariate analysis showed that there was no significant
difference in relation to sex, age, the procedural time,
the types of obstructive lesion, the stent type, the
presence of peritoneal carcinomatosis, and the stage of
cancer between the groups that were delineated based
on stent dysfunction (Table 2). The mean CEA level
was higher in the group that experienced stent failure,
but the difference was not statistically significant.
ROC analysis, using the duration of stent patency as a
classification variable, determined that the cut-off value
for CEA was 6 ng/mL (P = 0.019; 95%CI: 0.53-0.78)
(Figure 3). The CEA levels were compared in relation to
the types of malignancy (Figure 4).
We used Cox proportional hazards models to assess
the factors that were anticipated to be associated

Clinical outcomes and complications

No acute complications, including perforations or
aspiration pneumonia, were noted in patients after
stent insertion, and there were no stent insertion-
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69 (52-91)
36:20 (64.3:35.7)
37 (66.1)
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CEA

Table 2 Comparison of patient characteristics according to
stent failure n (%)

Yes (n = 40)

No (n = 16)

67 ± 13.2

73.9 ± 12.1

27 (67.5)
13 (32.5)
36.4 ± 19.9
29 (72.5)
13 (32.5)
31.1 ± 111.5

9 (56.2)
7 (43.8)
31.5 ± 18.6
8 (50)
1 (6.3)
5.1 ± 5.9

21 (52.5)
19 (47.5)
14 (35.0)

6 (37.5)
10 (62.5)
6 (37.5)

4 (10)
36 (90)

1 (6.2)
15 (93.6)

19 (73.1)
16 (61.5)
44.6 ± 138.3

3 (33.3)
5 (55.6)
5.7 ± 6.9

0.03
0.75
0.44

10 (71.4)
5 (35.7)
7.0 ± 7.1
24.597 ± 73.120

5 (71.4)
1 (14.3)
4.4 ± 4.9
1.731 ± 2.484

1.00
0.30
0.42
0.46
0.57

4 (10)
22 (55)
14 (35)

Sensitivity

Age (yr)
Sex
Men
Women
Procedure time (min)
Chemotherapy
Response
CEA (ng/mL)
Type of stent
Covered
Uncovered
Carcinoma peritonei
Cancer stage1
Ⅲ
Ⅳ
Gastric cancer
Chemotherapy
Covered stent
CEA (ng/mL)
Pancreatic cancer,
Chemotherapy
Covered stent
CEA (ng/mL)
CA 19-9 (IU/mL)
Location of obstruction
Gastric body
Pylorus
Duodenum

80

P value
0.72
0.43

60
40
20

0.39
0.10
0.09
0.39
0.31

0
0

20

40
60
100-specificity

80

100

Figure 3 Receiver operating characteristic curve of the carcinoembryonic
antigen level for predicting stent patency. ROC: Receiver operating
characteristic; CEA: Carcinoembryonic antigen.

0.86
0.47

50
40
CEA (ng/mL)

Stent failure

100

30
20
10

1 (6.2)
7 (43.8)
8 (50)

0
Gastric cancer

1

Staged using the seventh edition of the tumor-node-metastasis
classification system developed by the Union for International Cancer
Control and the American Joint Committee on Cancer. Data are reported as
the mean ± SD or n (%), as appropriate. CEA: Carcinoembryonic antigen;
CA: Carbohydrate antigen; SD: Standard deviation.

Pancreatic cancer

Figure 4 Comparison of carcinoembryonic antigen levels based on the
type of malignancy. CEA: Carcinoembryonic antigen.
1.0

with stent patency (Table 3). The results indicated
that CEA level and chemotherapy were independent
predictive factors for the duration of stent patency.
When the CEA level was higher than 6 ng/mL at the
time of stent placement, stent patency decreased [P
= 0.006; adjusted hazard ratio (aHR) = 2.92, 95%CI:
1.36-6.25] (Figure 5). Palliative chemotherapy was
statistically associated with an increase in stent
patency (P = 0.009; aHR = 0.27, 95%CI: 0.10-0.72).
The chemotherapy response rate was 63.6% in the
stent dysfunction group, and 33.3% of the patients
died without stent dysfunction. When we analyzed the
cohort that underwent chemotherapy separately, a Cox
proportional hazards model showed that longer stent
patency might be associated with responding to firstline chemotherapy (P = 0.05; aHR = 0.38, 95%CI:
0.14-1.02).

Stent patency

0.6
0.4
0.2

P = 0.006

0.0
0

200

400
t /d

600

800

Figure 5 Stent patency rate according to carcinoembryonic antigen level.
CEA: Carcinoembryonic antigen.

involved 108 patients with malignant gastroduodenal
obstruction who were treated with SEMS and reported
a technical success rate of 99.1% and clinical success
rate of 87.6%. A meta-analysis of treatment using
stents vs surgical gastrojejunostomy published in 2010
[25]
by Ly et al
showed that endoscopic stenting was
associated with an increase in oral intake tolerability,
shorter time to the initiation of oral intake, and shorter
hospital stays after the procedure.

DISCUSSION
In recent years, SEMS deployment has progressively
replaced surgical gastrojejunostomy for the treatment
of malignant gastroduodenal obstruction. Tringali et
[24]
al
conducted a prospective multicenter study that

WJG|www.wjgnet.com

CEA ≤ 6
CEA > 6

0.8
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against restenosis, which is comparable to our findings.
In addition, the type of malignant obstructive
lesion and the type of stent used were not statistically
associated with stent patency in our study. Stent
migration occurred in two patients who underwent
chemotherapy and had covered stents implanted.
Previous studies have found that covered stents and
undergoing chemotherapy are significant risk factors
[14,17,19]
for stent migration
. The reduction in tumor size
caused by chemotherapy could lead to unintentional
consequences for patients who receive covered stents
because of the increased risk of stent migration.
This study found that peritoneal carcinomatosis
and a poor performance status in patients were
associated with reductions in stent patency. Documented
peritoneal carcinomatosis has been considered a relative
[30]
contraindication for stent placement . Although another
study found that carcinomatosis does not adversely
[31]
affect stent patency , peritoneal seeding should be
considered a possible risk for multifocal obstruction. In
the same context, the poor performance status of a
patient could adversely affect stent patency and could be
associated with the systemic effects of the tumor.
In this study, CEA level was found to be a potential
novel predictive factor of stent patency in the
treatment of inoperable malignant gastroduodenal
obstruction through stent insertion. CEA is a commonly
used tumor marker and has been found to increase
in the serum of patients with colorectal carcinomas,
gastric carcinomas, pancreatic carcinomas, and other
[18]
malignancies . CEA level has been shown to be
independently associated with prognosis and survival
[32]
in advanced gastric cancer . In addition, previous
studies have demonstrated a significant association
between CEA level and the prognosis of advanced
[33,34]
pancreatic cancer
. We performed an analysis
that evaluated CEA as a potential predictive factor of
stent patency and found that the stent patency rate
in patients who had CEA levels > 6 ng/mL was lower
than the rate in patients with lower CEA levels. This
result suggests that CEA level could be a valuable
predictive factor that is independently associated with
stent patency in the palliative treatment of inoperable
malignant gastroduodenal obstruction through stent
insertion. CEA level could predict the prognosis of
periampullary cancer as well as the patency of stents
inserted for the palliation of malignant gastroduodenal
obstruction. Given that prognostic factors are scarce
and no serum markers for stent patency exist, the
efficacy of CEA as an easily measurable predictive
factor of stent patency that was demonstrated in this
study is noteworthy. This study is the first to report
CEA as a predictive factor of stent patency in the
treatment of inoperable malignant gastroduodenal
obstruction through stent insertion.
This study has limitations including its single-center,
retrospective design and small sample size. However,
we investigated sequential patients who had stents
inserted for the treatment of malignant gastroduodenal

Table 3 Factors associated with stent patency in Cox proportional
hazards models

Age
Sex (male)
CEA > 6 ng/mL
WHO score
Palliative chemotherapy
Covered stent
Carcinoma peritonei

HR

95%CI

P value

0.99
2.02
2.92
3.73
0.27
2.20
2.64

0.96-1.02
0.94-4.30
1.36-6.25
1.35-10.31
0.10-0.72
1.06-4.57
1.16-6.02

0.604
0.068
0.006
0.011
0.009
0.034
0.020

CEA: Carcinoembryonic antigen; WHO: World Health Organization.

However, debate remains about what is the most
suitable treatment approach for patients who have
inoperable malignant gastroduodenal obstruction.
In general, SEMS deployment is the preferred
treatment option for patients who have short life
[26]
expectancies . However, it is difficult to develop a
therapeutic algorithm because the treatment method
should be tailored according to disease status and
patient preference. Although SEMS deployment
is the preferred treatment modality and promptly
relieves the symptoms associated with malignant
gastroduodenal obstruction, stent-related adverse
[24]
events may occur . Thus, it is important to be able
to predict stent patency within the clinical context of
inoperable malignant gastroduodenal obstruction.
There is a growing need to identify factors that
can predict stent patency. A few studies that have
investigated the factors that may affect SEMS patency
following insertion have been published. Telford et
[11]
al
reported that chemotherapy after stent insertion
is significantly associated with the prolongation of oral
intake (aHR = 0.41, 95%CI: 0.23-0.72). This was the
first study to assess the prognostic factors that affect
stent patency in the treatment of inoperable malignant
gastroduodenal obstruction through stent insertion.
[12,14,17]
Since then, other studies
have reported similar
results following the use of chemotherapy. In addition to
chemotherapy, the stent type and the type of malignant
obstructive lesion have been proposed as possible
[15,17]
prognostic factors for stent patency
; however,
these results remain controversial. Some studies have
reported that chemotherapy has no effect on stent
patency in the treatment of malignant gastroduodenal
[15,27,28]
obstruction through stent insertion
. Other studies
have reported that stent type and the type of malignant
obstructive lesion have no significant associations with
[19,28,29]
stent patency
. Consequently, this is an important
subject for further investigation.
Similar to results found in previous studies,
this study showed an increase in stent patency in
patients who underwent chemotherapy. Performing
chemotherapy after stent insertion may reduce or
stabilize the tumor burden and diminish tumor growth
through the mesh of the stent or overgrowth at the
[14]
edges of the stent. Kim et al
reported first-line
chemotherapy to be a significant protective factor

WJG|www.wjgnet.com

9139

August 14, 2015|Volume 21|Issue 30|

Kim SH et al . Predictive factors of stent patency
obstruction in our endoscopy unit, and we only enrolled
patients who met the inclusion criteria. In addition,
the treatment courses were regulated for all patients,
which may lessen the limitations associated with the
retrospective design of the study.
In conclusion, SEMS placement is an effective
palliative treatment in patients who have inoperable
malignant gastroduodenal obstruction. The level of
serum CEA, which can be easily measured, was found
to be associated with stent patency in the treatment
of malignant gastroduodenal obstruction through stent
insertion; thus, CEA level may be an effective predictor
of stent patency. After receiving stents, patients with a
CEA level > 6 ng/mL could be candidates for short-term
follow-up using esophagogastroduodenoscopy within a
few months. Through this strategy, physicians could help
patients in the determination of appropriate treatment
decisions, including, for example, preventing additional
stenting before restenosis, and, consequently, they can
help reduce patient suffering and re-hospitalization.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Peking Union Medical College Hospital
Review Board.

AIM: To assess the efficacy of full-thickness excision
using transanal endoscopic microsurgery (TEM) in the
treatment of rectal neuroendocrine tumors.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: We analyzed the data of all rectal
neuroendocrine tumor patients who underwent local
full-thickness excision using TEM between December
2006 and December 2014 at our department. Data
collected included patient demographics, tumor
characteristics, operative details, postoperative
outcomes, pathologic findings, and follow-ups.
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no conflicts of interest or financial ties to disclose.
Data sharing statement: We would share our technical
appendix, statistical code, and dataset available from the
corresponding author at [guolelin2002@163.com]. Participants
gave informed consent for data.

RESULTS: Full-thickness excision using TEM was
performed as a primary excision (n = 38) or as
complete surgery after incomplete resection by
endoscopic polypectomy (n = 21). The mean size of
a primary tumor was 0.96 ± 0.21 cm, and the mean
distance of the tumor from the anal verge was 8.4 ±
1.4 cm. The mean duration of the operation was 57.6
± 13.7 min, and the mean blood loss was 13.5 ± 6.6
mL. No minor morbidities, transient fecal incontinence,
or wound dehiscence was found. Histopathologically,
all tumors showed typical histology without lymphatic
or vessel infiltration, and both deep and lateral
surgical margins were completely free of tumors.
Among 21 cases of complete surgery after endoscopic
polypectomy, 9 were histologically shown to have a
residual tumor in the specimens obtained by TEM.
No additional radical surgery was performed. No
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recurrence was noted during the median of 3 years’
follow-up.

the muscularis mucosa into the submucosal layer
[6,7]
where the tumor forms a nodular lesion . Hence,
the intrinsic limitations of the conventional endoscopic
polypectomy result in a high chance of incomplete
[6,8]
resection
. The rate of incomplete resection or
unclear surgical margin and curability have been
reported to be 24%-42% because of limited resection
[9,10]
up to the submucosal layer and a burn effect
.
With the introduction of transanal endoscopic
microsurgery (TEM), the clinical efficacy of TEM for
benign neoplasms has been widely reported. The
TEM procedure provides several advantages over
conventional excision by offering much improved
visualization, exposure, and access to higher lesions
[11]
in the rectum . Moreover, the TEM procedure could
achieve accurate determination of margins and full[4]
thickness excision with the possibility of suturing .
Full-thickness excision using TEM enables a much
greater degree of resection, ensuring more satisfactory
oncological results for lesions with malignant potential.
However, the application of TEM in full-thickness
excision has not been well investigated. We here
report our clinical experiences of the largest cohort of
rectal neuroendocrine tumors treated by full-thickness
excision using TEM.

CONCLUSION: Full-thickness excision using TEM
could be a first surgical option for complete removal of
upper small rectal neuroendocrine tumors.
Key words: Transanal endoscopic microsurgery; Rectal
neuroendocrine tumor; Full-thickness excision; Primary
excision; Complete excision; Retrospective study
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Rectal neuroendocrine tumors increase
quickly and steadily. Although transanal endoscopic
microsurgery (TEM) was widely used for rectal
neoplasms, the application of TEM in the full-thickness
excision of rectal neuroendocrine tumors has not
been well investigated. We analyzed data of all rectal
neuroendocrine tumor patients who underwent local
full-thickness excision using TEM as a primary excision
or as complete surgery after incomplete resection by
endoscopic polypectomy. The results suggested that
full-thickness excision using TEM is a safe, minimally
invasive procedure which could achieve complete
resection, and might be a first surgical option for
complete removal of higher rectal neuroendocrine
tumors of less than 2 cm.

MATERIALS AND METHODS
Between December 2006 and December 2014, fullthickness excision using TEM was performed in 59
patients with rectal neuroendocrine tumors at the
Peking Union Medical College Hospital. Their clinical
data were reviewed retrospectively, including: patient
demographics, tumor characteristics, blood loss during
surgery, operation time, postoperative outcomes,
pathological results, and follow-up clinical notes.

Chen WJ, Wu N, Zhou JL, Lin GL, Qiu HZ. Full-thickness
excision using transanal endoscopic microsurgery for treatment
of rectal neuroendocrine tumors. World J Gastroenterol 2015;
21(30): 9142-9149 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i30/9142.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9142

Surgical techniques

Routine colonoscopy was performed preoperatively
to evaluate the location and size of a lesion, and
endoscopic ultrasonography was used to evaluate
the invasion depth or the status of vessels and lymph
nodes. The operation was performed under general
anesthesia. The patient was positioned such that the
lesion was situated at the bottom of the operative
field. Before resection, the scheduled resection area,
including the tumor and a clear margin of at least 0.5
cm, was marked by coagulation dots using a needle
electrode (Figure 1). Then full-thickness excision down
to the outer fatty tissues was performed. The rectal
wall was closed by a continuous running suture with
absorbable thread and silver clips in place of knots.
Tight sutures in the transverse direction were crucial
for preventing wound bleeding, dehiscence, and
stenosis of the rectal lumen.
The full-thickness excision could also be used
to remove the residual tumor after endoscopic
polypectomy (Figure 2) or an unobtrusive neuro

INTRODUCTION
A rectal neuroendocrine tumor is rare in the general
population, but its incidence is increasing quickly and
[1]
steadily worldwide . It has been reported that the
age-adjusted incidence of rectal neuroendocrine tumor
[2]
has increased about 10-fold over the last 35 years .
This dramatic increase may be attributable to the
introduction of colonoscopic screening and heightened
awareness of the importance of early detection
of colorectal disease, as 50% or more of rectal
[3]
neuroendocrine tumors were diagnosed incidentally .
Surgical removal of a single lesion is the only
[4]
guaranteed curative option . For small rectal
neuroendocrine tumors without blood vessel invasion
and metastatic spread, local resection should be
[5]
adequate . Endoscopic polypectomy has been widely
used for treatment of rectal neuroendocrine tumors.
However, most neuroendocrine tumors arise from
the deep portion of the epithelial glands penetrating
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A

B

C

D

Figure 1 Full-thickness excision of a rectal neuroendocrine tumor visible under transanal endoscopic microsurgery. A: The tumor and a clearance margin
marked by coagulation dots using a needle electrode; B: After full-thickness excision with neat surgical margins; C: After suturing the rectal wall. The leakage from the
suture line will be negligible; D: The neuroendocrine tumor removed completely with safe surgical margins.

A

B

C

D

Figure 2 Full-thickness excision of a rectal lesion after incomplete resection. A: The scar site after endoscopic polypectomy where the resection margin was
identified as tumor positive; B: Fat tissue outside the rectal wall; C: Suturing of the rectal wall; D: Specimen obtained by transanal endoscopic microsurgery with a safe
margin.
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A

B

C

D

Figure 3 Full-thickness excision of an unobtrusive rectal neuroendocrine tumor using transanal endoscopic microsurgery. A: The unobtrusive tumor found
by trans-rectal ultrasound and marked by thread; B: The defect after full-thickness excision; C: Completion of suturing of the rectal wall; D: The neuroendocrine tumor
removed completely with safe surgical margins.

< 0.05 were considered statistically significant. The
study was reviewed and approved by the Peking Union
Medical College Hospital Review Board. The statistical
methods of this study were reviewed by Zhou JL from
Peking Union Medical College Hospital.

Table 1 Patient and tumor characteristics
Total
(n = 59)

Demographics
Male/female (n)
Age (yr)1
Tumor
Size of tumor (cm)
Location (A/P)
Distance from AV
(cm)
Central umbilication
(yes/no)

Purpose of TEM

P value

Primary
excision
(n = 38)

Completion
surgery
(n = 21)

32/27
55 (31-70)

21/17
47 (31-68)

11/10
53 (35-70)

NS
NS

RESULTS

0.96 ± 0.21
24/35
8.4 ± 1.4

1.01 ± 0.21
15/23
8.2 ± 1.3

0.89 ± 0.19
9/12
8.9 ± 1.4

0.04
NS
NS

6/53

4/34

2/19

NS

Between December 2006 and December 2014, 59
consecutive patients with rectal neuroendocrine
tumors underwent full-thickness excision using TEM
(Table 1). The median age at diagnosis was 55 years
(range, 31-70 years). Most tumors were diagnosed
incidentally (47, 79.7%), and a minority were
associated with neuroendocrine tumor syndrome
(12, 20.3%). A total of 38 patients underwent TEM
for primary tumor excision (primary excision group);
the remaining 21 patients underwent complete
resection (complete surgery group) after endoscopic
polypectomy by gastroenterologists in other hospitals.
The histopathological results showed that the
tumor was a typical neuroendocrine tumor, and the
resection margin was microscopically identified as
tumor positive. These patients were referred to us for
complete resections.

Patients and demographics

1

Values are median (range). TEM: Transanal endoscopic microsurgery; A:
Anterior wall; P: Posterior wall; AV: Anal verge; NS: Not significant.

endocrine tumor arising in the deep portion of the
epithelial glands diagnosed by transrectal ultrasound
(Figure 3). A mark using a tattoo or thread knot was
strongly recommended during endoscopic polypectomy
or diagnosis of unobtrusive tumor to facilitate
localization.

Statistical analysis

Data were summarized and analyzed using the Student
2
t test, Fisher’s exact test, and the χ test, which were
performed with SPSS statistical software (SPSS Inc.,
Chicago, IL, United States). Differences with a P value
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The characteristics of the removed neoplasms are
shown in Table 2. The mean tumor size was 0.96 ± 0.21
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the specimens obtained by TEM, but the remaining 12
patients had no histologic evidence of residual tumor.
All vertical and lateral surgical margins of specimens
were completely free of tumor cells, although 21 out
of 59 tumors had developed outside the mucosal layer,
with 5 infiltrating into the muscular layer.

Table 2 Operative details and pathological findings
Total
(n = 59)

Operative details
Surgical duration
(min)
Blood loss (mL)
Hospital stay (d)
Wexner score
Size of specimen
Margin
(positive/negative)
Invasion
(M/SM/MP)
Grade (G1/G2)

Purpose of TEM

P value

Primary
excision
(n = 38)

Completion
surgery
(n = 21)

57.6 ± 13.7

59.6 ± 10.7

54.0 ± 17.7

NS

13.5 ± 6.6
2.7 ± 1.0
4.5 ± 1.4
2.3 ± 0.6
0/59

13.2 ± 6.2
2.5 ± 0.9
4.2 ± 1.4
2.3 ± 0.6
0/38

14.0 ± 7.5
2.8 ± 1.0
5.0 ± 1.4
2.3 ± 0.5
0/21

NS
NS
NS
NS
NS

26/16/5

22/11/5

4/5/01

35/12

28/10

7/21

Follow-up

No additional radical surgery was performed on these
patients after TEM. They were followed up every 4
or 6 mo thereafter in the outpatient department.
Computed tomography, transrectal endoscopy, and
ultrasonography were performed. Of the 59 patients,
follow-up data was collected for 53 cases. The median
follow-up period was 3 years (range, 0.1-8.0 years).
No recurrence, and no local or distant metastasis was
observed.

1

Nine specimens obtained by TEM had residual tumor. TEM: Transanal
endoscopic microsurgery; M: Mucosa; S: Submucosa; MP: Muscularis
propria; NS: Not significant.

DISCUSSION
A neuroendocrine tumor is a well-differentiated
epithelial neoplasm with predominant neuroendocrine
differentiation. It includes tumors previously classified
as “carcinoid”, and rectifies its largely incorrect
benign connotation. According to the World Health
Organization 2010 classification, the neuroendocrine
tumor could be classified as a grade G1 tumor [mitotic
count < 2 per 10 high-power field (HPF) and/or Ki67
≤ 2%] or a grade G2 tumor (mitotic count 2-20
[4]
per 10 HPF and/or Ki67 3%-20%) . As the cellular
atypia and the proliferative activity are low, a rectal
neuroendocrine tumor generally has a favorable
prognosis, with an overall 5-year survival rate of
[12]
88.3% . The only guaranteed curative option is
[13]
complete tumor resection .
Rectal neuroendocrine tumors larger than 2
cm, which are associated with significantly higher
proliferative activity and metastatic risk (ranging
[14]
between 60% and 80%) , are suitable candidates
for radical surgery. Conventional anterior resection
with total mesorectal excision or abdominoperineal
extirpation could remove the local lesion and
metastasis together when tumors display metastatic
tendencies or for patients with any metastasis at
[4]
diagnosis . Meanwhile, multidisciplinary treatment
options could be offered according to the European
Neuroendocrine Tumor Society (ENETS) Consensus
[4]
Guidelines . For most of the small and well-diffe
rentiated neuroendocrine tumors, it is considered
that radical surgery carries a higher risk-to-benefit
ratio, and local resection is adequate. It is suggested
that rectal neuroendocrine tumors that are 1 cm
or less in size metastasize in only 3%-9.8% of
[2,15]
cases
, and local resection could provide complete
resection. However, it may be difficult for conventional
polypectomy used with virtual colonoscopy to obtain
complete resection and achieve clear surgical margin,
especially when the tumor is sessile or arises from the
deep portion (Figure 3). As for rectal neuroendocrine

cm, the anal verge to the distal tumor margin was 8.4
± 1.4 cm, and 24 tumors were located on the anterior
wall of the rectum. In the complete surgery group, the
mean size of the primary tumor was 0.89 ± 0.19 cm,
which was statistically smaller than that in the primary
excision group (1.01 ± 0.21, P = 0.04). This might be
the reason why endoscopic polypectomy was initially
given.

Surgery

The full-thickness excisions using TEM were performed
by the same surgical personnel. The mean surgical
duration was 57.6 ± 13.7 min, the mean blood
loss was 13.5 ± 6.6 mL, and all specimens were
integrated. No severe immediate or late complications
were noted. Perforation into the peritoneal cavity
occurred in 2 patients (3.4%) without conversion to
a transabdominal approach. There was no leakage
of feces or intestinal juices into the peritoneal cavity
because of good bowel preparation and prompt
suturing. Moderate fever was observed in 8 patients
(13.6%) within 3 d after the surgery, with a maximum
body temperature of 38.2 ℃, and was reduced without
giving any antibiotics. Absorption fever might be the
cause of the transient moderate fever. No complication
of peritonitis, fistula, or fecal incontinence was ob
served during the hospital stay and follow-up period.
Patients started walking on the first postoperative day,
and per-oral intake on the second postoperative day.
The mean hospital stay was 2.7 ± 1.0 d. The Wexner
score at 6 mo was 4.5 ± 1.4.

Pathological data

All removed neoplasms in the primary excision group
were diagnosed as typical neuroendocrine tumors.
Among the 21 patients who underwent complete
surgery after endoscopic polypectomy, 9 (42.9%) had
a residual tumor in the mucosal or submucosal layer of
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tumors between 1 and 2 cm, the metastatic risk is
[14]
considered to be between 10% and 15% . Moreover,
76% of these tumors extend to the submucosal
[16]
area , so local therapy using conventional endoscopic
[17,18]
resection is a matter of debate
.
[11]
TEM was developed by Buess et al
in Germany
and was introduced into clinical practice in 1983. With
a pressure-controlled gas (carbon dioxide) insufflator,
an operating rectoscope (either 12 cm or 20 cm in
length), and special long-handled surgical instruments
for dissection, excision, and suturing, TEM is feasible
for reaching tumors as much as 20 cm from the
[3,13]
anal verge
. Our previous study proved that TEM
could resect upper rectal neoplasms and be less
invasive than traditional trans-anal or trans-sphincter
[19]
approaches . Moreover, the TEM procedure enables
the accurate determination of surgical margins by
marking the resection area with coagulation dots using
a needle electrode before resection. Under a magnified
visual view of up to 6-fold and a broadened operative
field by carbon dioxide insufflations, tumor resection
could be performed with safe surgical margins and an
[20]
accurate surgical plane , and full-thickness suturing
could be achieved (Figure 1).
Full-thickness excision using TEM is considered to
provide complete resection of a local tumor without
lymphatic or blood vessel invasion or lymph node
metastases. As described in our report, although
35.6% of tumors developed outside the mucosal layer,
the surgical margins of all specimens were negative.
That indicates the effectiveness and accuracy of the
full-thickness excision using TEM. No recurrence
was found, and a cure rate of essentially 100%
can be anticipated. Besides, 21 patients underwent
complete resection after endoscopic polypectomy
by gastroenterologists in other hospitals, because
the margin of the specimen was identified as tumor
positive. After full-thickness excision of lesions using
TEM, 9 patients had microscopic evidence of residual
tumors in the specimens obtained, and no complication
or recurrence was found. Therefore, full-thickness
excision using TEM can be an effective option for
complete surgery. Localization using a tattoo or thread
knot is strongly recommended during endoscopic
polypectomy to facilitate full-thickness excision. If a
mark was not applied at the time of snare polypectomy
and the margins were found to be inadequate, the
patient must be recalled urgently in order to identify
[21,22]
the scar before it faded away
.
Full-thickness excision using TEM is also a safe
procedure. The morbidity of TEM was reported in the
[23,24]
literature to be 4% to 29%
, and the most common
complications after TEM are bleeding, peritoneal entry,
[25]
conversion to laparotomy, and fecal soiling . Our
data, in conjunction with the data presented by other
surgeons, attest to full-thickness excision using TEM
[25,26]
as being a very safe procedure
. The blood loss
was about 15 mL, and electric coagulation and water
rinsing could provide a clear surgical field. Entry into
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the peritoneal cavity during TEM was not considered
as a complication and not associated with an increased
[27]
risk of other complications . With the possibility
of suturing, rectal wall perforations which were
considered as the most hazardous complication of local
resection could also be tackled without conversion to
[28]
laparotomy . Achieving watertight intra-rectal repair
of defects is crucial for preventing wound bleeding,
[29]
peritonitis, and fistula . No peritonitis, fistula, or
fecal incontinence was observed in our study, and the
Wexner score at 6 mo was 4.5 ± 1.4.
ENETS Consensus Guidelines suggested that a
neuroendocrine tumor < 1 cm in diameter without
muscularis invasion should have local resection
endoscopically, with transanal mucosal-muscular
resection using a variety of techniques and equipment
for tumors < 1 cm with muscularis invasion, or for
tumors between 1 and 2 cm without muscularis
[4]
invasion . In our study, the tumor of 12 patients in
the completion group was < 1 cm in diameter and
had no muscularis invasion. Endoscopic resection
with many local transanal techniques (band-snare
resection, aspiration lumpectomy) did not achieve
a negative margin. Therefore, whether that type of
endoscopic resection is suitable for these patients
should be reconsidered, and full-thickness resection
using TEM as the first surgical choice for these patients
may be better. In addition, the guidelines did not give
suggestions about tumors between 1 and 2 cm with
muscularis invasion. We performed full-thickness
excision of these tumors on 5 patients, and the
surgical margins of all specimens were negative. Our
experience is that for patients with neuroendocrine
tumors < 2 cm without invasion of the lymph nodes or
metastasis, full-thickness excision using TEM should be
the preferred option. As TEM enables a much greater
extent of resection, it ensures more satisfactory
oncological results for lesions with malignant potential,
and does not increase the complication rates.
With the clinical application of TEM for rectal
neoplasms, several reports involving small case
[30]
series have been published . To the best of our
knowledge, our report is the first and largest to
describe the effectiveness of full-thickness excision of
rectal neuroendocrine tumors using TEM in China. The
largest series in the United States and Japan included
24 patients and 27 patients respectively, but they did
[11,21]
not perform full-thickness excisions in all patients
.
The retrospective design and lack of a comparative
group are limitations of our study. Although evidence
is limited, all the results showed that full-thickness
excision using TEM could be a first surgical option for
complete removal of rectal neuroendocrine tumors.
In conclusion, TEM is a safe, minimally invasive
procedure, and full-thickness excision could achieve
complete resection. Therefore, full-thickness excision
using TEM could be a first surgical option for complete
removal of higher rectal neuroendocrine tumors less
than 2 cm.
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(TEM), the clinical efficacy of TEM for benign neoplasm has been widely
reported. Full-thickness excision using TEM enables a much greater extent
of resection, ensuring more satisfactory oncological results for lesions with
malignant potential. However, the application of TEM in full-thickness excision
has not been well investigated.

6

7

Research frontiers

The TEM procedure provides several advantages over conventional excision
by offering much improved visualization, exposure, and access to higher
lesions in the rectum. Moreover, the TEM procedure could achieve accurate
determination of margins and full-thickness excision with the possibility of
suturing. The authors here report their clinical experiences of the largest cohort
of patients with rectal neuroendocrine tumors treated by full-thickness excision
using TEM.

8
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Innovations and breakthroughs

10

With the clinical application of TEM for rectal neoplasms, several reports
involving small case series have been published. To the best of our knowledge,
this report is the first and largest to describe the effectiveness of full-thickness
excision of rectal neuroendocrine tumors using TEM in China. The largest
series in the United States and Japan included 24 patients and 27 patients
respectively, but they did not perform full-thickness excisions on all patients.

11

12

Applications

The study results suggest that full-thickness excision using TEM could be a first
surgical option for complete removal of higher rectal neuroendocrine tumors
less than 2 cm. TEM is a safe, minimally invasive procedure, and full-thickness
excision could achieve complete resection.

13

14

Terminology

Neuroendocrine tumors are epithelial neoplasms with predominant
neuroendocrine differentiation which occur in most organs of the body, and
share common features, such as similar microscopic appearance, special
secretory granules, and secretion of biogenic amines and polypeptide
hormones. Many are benign, while some are malignant. TEM is an important
application of minimally invasive surgery of the rectum. With a pressurecontrolled gas (carbon dioxide) insufflator, an operating rectoscope (either
12 cm or 20 cm in length), and special long-handled surgical instruments,
dissection, excision, and suturing could be achieved.
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This manuscript analyzed a large number of patients with neuroendocrine tumor
compared to the previous papers. Most reviewers found this topic interesting,
informative and believed it to bring pleasure to the readers. The manuscript was
praised for being well-written and structured.
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ORIGINAL ARTICLE
Observational Study

Impact of a clinical pathway on treatment outcome in
patients with acute pancreatitis
Miroslav Vujasinovic, Jana Makuc, Bojan Tepes, Apolon Marolt, Zdenko Kikec, Nace Robac

Abstract

Miroslav Vujasinovic, Jana Makuc, Apolon Marolt, Zdenko
Kikec, Nace Robac, Department of Internal Medicine, General
Hospital Slovenj Gradec, 2380 Slovenj Gradec, Slovenia

AIM: To determine the impact of a clinical pathway (CP)
on acute pancreatitis (AP) treatment outcome.

Bojan Tepes, Abakus Medico Diagnostic Centre Rogaska,
Prvomajska 29a, 3250 Rogaska Slatina, Slovenia

METHODS: A retrospective analysis of medical
records was performed. We compared the results of
AP treatment outcome over two time periods in our
centre, before (2006-2007) and after (2010-2012) the
implementation of a CP. The CP comprised the following
indicators of quality: performance of all laboratory
tests on admission (including lipids and carbohydrate
deficient transferrin), determination of AP aetiology,
abdomen ultrasound (US) within the first 24 h after
admission, contrast-enhanced computed tomography
of the abdomen in all cases of suspected pancreatic
necrosis, appropriately selected and sufficiently used
antibiotic therapy (if necessary), pain control, adequate
hydration, control of haemodynamic parameters and
transfer to the Intensive Care Unit (ICU) (if necessary),
endoscopic retrograde cholangiopancreatography
(ERCP) in biliary AP, surgical treatment (if necessary),
and advice on outpatient follow-up after discharge.
A comparison of the length of stay with that in other
Slovenian hospitals was also performed.
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RESULTS: There were 139 patients treated in the
three-year period after the introduction of a CP, of
which 81 (58.3%) were male and 58 (41.7%) female.
The patients’ mean age was 59.6 ± 17.3 years.
The most common aetiologies were alcoholism and
gallstones (38.8% each), followed by unexplained
(11.5%), drug-induced, hypertriglyceridemia, post
ERCP (2.9% each) and tumours (2.2%). Antibiotic
therapy was prescribed in 72 (51.8%) patients.
Abdominal US was performed in all patients within the
first 24 h after admission. Thirty-two (23.0%) patients
were treated in the ICU. Four patients died (2.9%).
In comparison to 2006-2007, we found an increased
number of alcoholic and biliary AP and an associated
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decrease in the number of unexplained aetiology cases.
The use of antibiotics also significantly decreased after
the implementation of a CP (from 70.3% to 51.8%; P =
0.003). There was no statistically significant difference
in mortality (1.8% vs 2.9%). The length of stay was
significantly shorter when compared to the Slovenian
average (P = 0.018).

quality of treatment of patients with AP and streamline
the process of treatment. This article presents the
results of a three-year period after the introduction
of a CP and a comparison with the previous period
(2006-2007).

MATERIALS AND METHODS

CONCLUSION: The introduction of a CP has improved
the treatment of patients with AP, as assessed by all of
the observed parameters.

We conducted an analysis of the medical records of all
patients who were treated for AP in the period from
January 1, 2006 to December 31, 2007 and from
January 1, 2010 to December 31, 2012.
We included patients with clear diagnostic criteria
for the diagnosis of AP (abdominal pain, and at least a
[1]
three-fold increase in activity of amylase and lipase)
The following demographics and clinical parameters were
analysed: laboratory tests (haemogram, potassium,
sodium, chloride, calcium, urea, creatinine, C-reactive
protein, liver function tests, amylase, lipase, cholesterol,
triglycerides, carbohydrate deficient transferrin,
and blood coagulation factors), aetiology of AP, the
performance of abdominal ultrasound (US) within the
first 24 h after admission, the performance of contrastenhanced computed tomography (CT) of the abdomen
in all patients with suspected necrotising form of
disease (but not in the first 48 h after admission),
prescribing of antibiotic therapy, pain management,
adequate hydration of the patient, the regular control
of vital signs (blood pressure, heart rate, blood oxygen
saturation on room air, temperature, respiratory rate
and level of consciousness), transfer of patient to the
intensive care unit (ICU) in the case of haemodynamic
instability, performing an endoscopic retrograde
cholangiopancreatography (ERCP) in patients with
biliary aetiology of AP, consultation with abdominal
surgeons in necrotising AP, and outcome of treatment.
After analysing the period 2010-2012 (after the
introduction of the CP), we performed a statistical
comparison with the period from 2006 to 2007 in the
same institution (before the introduction of the CP),
as well as a comparison with other Slovenian hospitals
(number of patients treated per year, length of stay
and mortality).
The analysis of medical records was approved by
the General Hospital Slovenj Gradec ethics committee.
Statistical analysis was performed with the
statistical program SPSS, version 20. For testing
independent and continuous variables, we used the
t-test. The relationship of nominal variables was tested
2
by Pearson’s χ test or the Fisher’s exact probability
test. A probability of less than 5% was taken to
indicate statistical significance.

Key words: Acute; Pancreatitis; Treatment; Clinical
pathway; Indicator; Quality
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We wanted to improve the quality and
streamline the process of treatment in patients with
acute pancreatitis (AP) by introducing a clinical pathway
(CP) and control of indicators of quality (IOQ). Our
results showed that the use of a CP and control of IOQ
improved the treatment of patients with AP, as assessed
by the following observed parameters: reduced length
of stay, reduced percentage of unexplained aetiology
cases and reduced use of antibiotic therapy (without
changes in total mortality).
Vujasinovic M, Makuc J, Tepes B, Marolt A, Kikec Z, Robac
N. Impact of a clinical pathway on treatment outcome in
patients with acute pancreatitis. World J Gastroenterol 2015;
21(30): 9150-9155 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i30/9150.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9150

INTRODUCTION
Acute pancreatitis (AP) is the acute inflammation of
the pancreas that can extend to the peripancreatic
tissue and distant organs. AP is clinically manifested as
[1]
abdominal pain with elevated pancreatic enzymes .
The incidence of AP varies widely between different
[2-6]
countries, ranging from 13 to 73/100000 inhabitants .
In the United States, AP is the most common cause of
hospitalisation for gastrointestinal diseases (274119
admissions in 2012) with an estimated cost of 2.6 billion
[7]
dollars annually .
The new Atlanta classification divides AP according
[8]
to morphological changes and severity of the disease .
From January 1, 2010, we analysed the indicators
of quality (IOQ) of a clinical pathway (CP) in the
medical records of all patients with AP. The analysis
was conducted by a specialist in internal medicine
with a subspecialisation in gastroenterology. Our
institution is a hospital at the secondary level in an
area with approximately 100000 inhabitants. With
the introduction of a CP, we wanted to improve the

WJG|www.wjgnet.com

RESULTS
There were 139 patients who were treated in the
three-year period (2010-2012) after the introduction
of the CP, among whom 105 (75.5%) were patients
with a first attack. The most common aetiologies of
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diuresis) were performed in all patients. Abdominal
US was performed in all patients in the first 24 h after
admission. CT of the abdomen was performed in 57
(41%) patients, in whom abdominal US findings were
suspected for necrosis. All haemodynamically unstable
patients were transferred to the ICU (23.0%). The
average duration of antibiotic treatment in the period
2010 to 2012 was 8.6 ± 4.4 d. There was a statistically
significant (P = 0.003) reduction in the prescription of
antibiotics between the two periods, but without any
statistically significant change in mortality (Table 2).
The most frequent prescription was a combination of
ciprofloxacin and metronidazole (80.6%), followed by
amoxicillin and clavulanic acid (9.7%), and imipenem
(9.7%).
During the second period, four patients (2.9%)
died, including a mentally retarded younger patient
with recurrent exacerbations of hyperlipemic AP, and
three older patients with biliary AP.
In the period between 2005 and 2011, we treated
an average of 910 patients per year in all Slovenian
hospitals. In our hospital, we treated 5.7% of all
Slovenian patients with AP, which corresponds to the
proportion of the population that is generally seen
at our institution. The length of stay in our hospital
was significantly lower (P = 0.018) than in the other
Slovenian hospitals (Figure 1).
The proportion of patients who died in our hospitals
represented 1.9% of all deaths of patients from AP
in the country. In Slovenia, 37 patients die per year,
which represents 4% of all hospitalised patients with
AP.

Table 1 Aetiology of acute pancreatitis: Comparison of the
two periods n (%)
Aetiology
Unexplained
Alcohol
Gallstones
Drug-induced
Pancreas divisum
Post-ERCP
Cancer
Hyperlipemic
All

Period
2006-2007

Period
2010-2012

52 (46.8)
27 (24.3)
23 (20.7)
5 (4.5)
2 (1.8)
2 (1.8)
0 (0)
0 (0)
111 (100.0)

16 (11.5)
54 (38.8)
54 (38.8)
4 (2.9)
0 (0)
4 (2.9)
3 (2.2)
4 (2.9)
139 (100.0)

χ 2 test

P value

47.21

0.000

1

Fischer’s test. ERCP: Endoscopic retrograde cholangiopancreatography.

Table 2 Use of antibiotic therapy and treatment outcome:
Comparison of the two periods n (%)

Patients with
prescribed
antibiotics
Mortality

χ 2 test

P value

72 (51.8)

8.7741

0.003

4 (2.9)

0.3051

0.581

Period

Period

2006-2007

2010-2012

78 (70.3)

2 (1.8)

1

Fischer’s test.

AP were alcohol and gallstones (Table 1). We found
a statistically significantly change in AP aetiology
between the two periods. There was an increase in
alcoholic pancreatitis and gallstones, and a decrease
in unexplained aetiology, in 2010-2012, compared
with 2006-2007. The differences in the structure were
2
statistically significant (χ = 39.398, df = 3, P = 0.000).
There were significant increases in the proportion of
alcoholic aetiology and gallstones (P = 0.000). The
aetiology of the disease was related to the gender of
the patients (Fisher exact probability test = 44.329,
P = 0.000), with biliary being a more frequent cause
in women (61%) and alcohol being a more frequent
cause in men (89%). The average age of patients
with alcoholic aetiology was 50 ± 12.6 years, and
they were, on average, 19.5 years younger than the
patients with biliary aetiology of AP (t-test = 12.819, P
= 0.000).
The average age of patients in the 2010-2012
period was 5 years higher than in 2006-2007 (P <
0.05). The most common morphological form of the AP
in the period 2010-2012 was interstitial oedematous
pancreatitis, which was observed 84 (60.4%) patients.
Acute peripancreatic fluid collection was present in
36 (25.9%) patients, necrotising pancreatitis in 17
(12.2%) patients and pancreatic pseudocysts in two
(1.4%) patients.
Pain medication and the infusion of crystalloid
solutions with regular controls of vital parameters
at least three times a day for the first 24 to 48 h
(blood pressure, heart rate, blood oxygen saturation,

WJG|www.wjgnet.com

DISCUSSION
The leading causes of AP remain gallstones and
alcohol consumption, which corresponds to previously
published studies. The age difference between patients
with AP of alcoholic and biliary genesis raises concern,
as it indirectly suggests higher alcohol consumption in
the younger population. A useful diagnostic method
in everyday clinical practice is carbohydrate deficient
transferrin (CDT), which is determined in cases of
suspected alcohol abuse and unexplained AP. The high
sensitivity (60%-70%) and specificity (80%-90%)
of this test provide clinical utility, and these are even
higher when the levels of serum gamma-glutamyl
transpeptidase (GGT) and mean corpuscular volume
[9-12]
(MCV) are simultaneously elevated
.
After CP implementation, we achieved a significant
reduction in the proportion of unexplained AP by
regularly determining the routine laboratory tests (CDT,
triglycerides) at the first patient examination, and
additionally performing endoscopic ultrasound (EUS)
of the biliary system in cases of suspected microcholelithiasis, thereby increasing the proportion of
confirmed alcoholic, hyperlipemic and biliary AP.
Cases of hyperlipemic AP are rare, and such an
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in four cases, specifically, involving trimethoprim/
sulfamethoxazole, liraglutide, ramipril and perindopril.
We did not reexpose our patients to the proposed
medications, but chose an alternative medication with
a similar original clinical effect.
We confirmed smoking in 19 (13.6%) of our patients,
but could not confirm the correlation between smoking
and the occurrence or severity of AP. In 16 smokers,
alcoholic AP was confirmed. Of them, two had tumours
and one had unexplained AP. A correlation between
smoking and pancreatic cancer has been demonstrated
[21-23]
several times
. In recent years, smoking has also
[24]
been related to AP .
Another positive effect of CP implementation
is the reduction of prescribed antibiotics with no
significant difference in treatment outcome (death).
In our department, the treatment starts with the
combination of ciprofloxacin and metronidazole,
which is replaced by imipenem in cases of treatment
failure. CP implementation was also a success in
the area of supportive therapy, as all patients had
adequate analgesia and crystalloid infusions. Food
was reintroduced as soon as it was clinically possible
(preferably per os, with the termination of pain or by
nasojejunal probe in severely progressing disease),
the vital signs were monitored regularly and in cases
of haemodynamic instability, the patients were
transferred in ICU. The planed diagnostic imaging was
on time in all patients and were as follows: abdomen
US within 24 h of admittance, abdomen CT in all
cases of suspected necrotising AP (but not within the
first 48 h), and ERCP in all cases of biliary aetiology.
Good cooperation with the surgeons and short waiting
periods for elective surgical procedures in our hospital
enabled the rapid final treatment and prevented the
recurrence of biliary AP.
Taking into account all IOQ, we also achieved a
significantly shorter hospital stay, compared with other
Slovenian hospitals, and at the same time, preserved
[25]
the low mortality . According to the Slovenian
National Health Institute (SNHI), Slovenian hospitals
treat between 900-1000 patients with AP, which ranks
us among the European countries with moderate
[26]
to high incidence (47/100000) of the disease . A
meta-analysis of 49 studies by Banks et al. confirmed
the high mortality of patients with AP, which was as
follows: overall mortality of 2%-9%; 1%-7% in mild
[25]
AP and 8%-39% in severe AP . The data collected
by the SNHI showed 37 deaths from AP per year in
[26]
Slovenia , giving us a 3.8% mortality rate, which is
indicative of the good treatment of AP in Slovenia. CP
implementation enabled regular patient follow-up after
AP, which was not yet emphasised in our area. Indeed,
studies have shown two long-term complications of AP,
namely exocrine pancreatic insufficiency and diabetes
type 3c. They are more often a consequence of
necrotising AP of alcoholic aetiology, although they can
[27-34]
also develop in mild AP of non-alcoholic aetiology
.

Slovenia

10

SG

Mean length of stay

9

8

7

6
2005 2006 2007 2008 2009 2010 2011
Year

Figure 1 Duration of hospital stay for acute pancreatitis at General
Hospital Slovenj Gradec, compared with the national average. SG: Slovenj
Gradec.

origin can only be confirmed when all other aetiological
causes are excluded and the serum triglycerides
[13]
level exceeds 11.0 mmol/L . Micro-cholelithiasis
(concrements smaller than 5 mm) is a frequent cause
of AP in what may initially seem to be unexplained
[14]
cases and is found in 20%-40% of such patients .
[15]
Tandon et al
confirmed a biliary aetiology in two
thirds of the 31 patients with previously diagnosed
unexplained AP by performing EUS. There is no
consensus regarding the definition of idiopathic AP. We
consider it when medical history, extended laboratory
testing and radiological examinations (US and CT) do
[16]
not explain the aetiology of AP .
In recurrent unexplained AP in patients 40 years
or younger, α-1-antitrypsin, chloride sweat test
(to exclude cystic fibrosis), genetic testing (CFTR,
SPINK 1, and PRSS1 genes), immunoglobulin G4,
the antinuclear antibody (ANA) test, a urine drug test
and microscopic duodenal aspirate analysis (in search
for microcrystals and micro-cholelithiasis) should
be performed, in addition to EUS. In patients over
40 years of age, CA19-9 tumour marker should be
[17,18]
assessed
.
The medical literature often describes solitary
cases with possible links between certain medications
and AP, but the following four requirements need to
be fulfilled to confirm such a correlation: the more
common causes of AP must be excluded, AP must
develop during consumption of the medication, resolve
after cessation and repeat at the reintroduction of
[19]
the medication . Based on the number of published
cases, the time from medication exposure to AP
development and the patient reaction at medication
reintroduction, we could classify all medications into
[20]
four groups . Medications from the first and the
second group have the greatest potential to cause
AP. In our patients, we found such a possible link
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Regular ambulatory follow-up helped us to identify and
properly treat these patients.
During the writing of this manuscript, the updated
Atlanta recommendations for diagnostics and new
recommendations for treatment of patients with AP
[8,35]
were published
and are currently being taken into
account in everyday clinical practice.
In conclusion, CP implementation and regular IOQ
have a positive effect on the treatment of patients with
AP. Our results support all modern recommendations in
the AP treatment process. Institutions in which patients
with AP are treated should provide multidisciplinary
teams, regular IOQ control with critical re-evaluations
and maintain high treatment quality. The treatment of
patients with AP in a General Hospital can be of high
quality if all of the parameters of the clinical pathway
are well controlled.

3

4
5

6
7

COMMENTS
COMMENTS
Background

8

The authors performed a study on the impact of a clinical pathway (CP) and
indicators of quality (IOQ) on the treatment of patients with acute pancreatitis
(AP) in a General Hospital. This article presents the results of a three-year
period after the introduction of a CP and a comparison with the previous
period (2006-2007). Our results show that introduction of a CP and control of
IOQ has improved the treatment of patients with AP, as assessed by all of the
following observed parameters: reduced length of stay, reduced percentage
of unexplained cases and reduced use of antibiotic therapy (without changes
in total mortality). All results were better in comparison to other hospitals in
Slovenia.

9

10

Research frontiers

The present study confirmed that the treatment of patients with acute
pancreatitis in a General Hospital can be of high quality if all of the parameters
of the clinical pathway and indicators of quality are well controlled.

11

Innovations and breakthroughs

The results of the present study show that introduction of a CP and control of
IOQ has improved the treatment of patients with AP, as assessed by all of the
following observed parameters: reduced length of stay, reduced percentage of
unexplained cases and reduced use of antibiotic therapy (without changes in
total mortality).

12

Applications

The treatment of patients in a General Hospital can be of high quality if all of the
parameters of the clinical pathway and indicators of quality are well controlled.
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Terminology

AP is the acute inflammation of the pancreas that can extend to the
peripancreatic tissue and distant organs. AP is clinically manifested as
abdominal pain with elevated pancreatic enzymes.
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This is an interesting and valuable multicenter study related to the acute
pancreatitis and impact of a clinical pathway.
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Abstract

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

AIM: To evaluate the diagnostic effectiveness of white
light endoscopy, magnifying endoscopy (ME), and
magnifying narrow-band imaging endoscopy (ME-NBI)
in detecting early gastric cancer (EGC).

Conflict-of-interest statement: The authors report no financial
disclosures or conflict of interest.

METHODS: From March 2010 to June 2012, a total of
3616 patients received screening for gastric cancer by
magnifying endoscopy. There were 3675 focal gastric
lesions detected using conventional high definition white
light endoscopy (HD-WLE) in four different referential

Data sharing statement: Statistical code and dataset available
from the corresponding author at yangaiming@medmail.com.cn.
Consent of data sharing for participants was not obtained but the
presented data are anonymized and risk of identification is low.
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hospitals that were recruited for further investigation
using ME and ME-NBI. The images obtained from
HD-WLE, ME, and ME-NBI were reviewed by four
experienced endoscopists to evaluate their diagnostic
effectiveness for EGC. The diagnosis of cancerous and
non-cancerous lesions was conducted by evaluating the
microvascular and microsurface patterns using the VS
classification system. The final endoscopic diagnosis
of each lesion was determined by consultation when
a disagreement occurred. We used histopathological
results as the gold standard for the diagnosis of EGC.

INTRODUCTION
Gastric cancer is the second leading cause of cancer
related mortality and is the fourth most common
[1]
malignancy worldwide . Patients who are diagnosed
at an early stage and treated properly by endoscopic
dissection or surgical resection have a 5-year survival
rate of 90%-97%. However, for patients with ad
vanced gastric carcinoma, the 5-year survival rate is
[2-7]
less than 20% . Thus, the early detection of gastric
[8]
cancer improves prognosis . However, patients with
early stage gastric cancer experience only vague
epiabdominal symptoms, and there are no serum
tumor markers with satisfactory sensitivity. As a result,
endoscopic screening has been recognized as one of
the most effective methods for the detection of early
gastric cancer (EGC) in endemic countries. In Japan,
the rapid development and use of new endoscopic
screening modalities have improved the detection rate
[9]
of EGC from 15% to 57% . The incidence of EGC
is less than 20% in the Chinese population, which
prompted us to investigate better strategies for the
early detection of gastric cancer.
Conventional high definition white light endoscopy
(HD-WLE) is one of the most widely used endoscopic
modalities. HD-WLE cannot detect and delineate the
margin of small EGC lesions with subtle mucosal
changes, which further limits a thorough elimination
of early gastric lesions through endoscopic mucosal
resection (EMR) or endoscopic submucosal dissection
(ESD). In contrast to HD-WLE, magnifying endoscopy
(ME) can clearly show the microsurface structure of
the gastric mucosa. Furthermore, the microvascular
structure of gastric mucosal lesions can be better
visualized with the help of narrow-band imaging
[10]
(NBI) . The combination of ME and NBI can enhance
the contrast between gastric lesions and normal
tissues and provide a better understanding of the
[11,12]
microstructure of suspicious lesions
. The current
evidence suggests that magnifying NBI endoscopy
(ME-NBI) is superior to conventional endoscopy.
However, the exact sensitivity, specificity and accuracy
data of ME-NBI compared with HD-WLE and ME in
large-scale populations is less clear.
We conducted the present multicenter prospective
study to evaluate the exact diagnostic value of
conventional endoscopy and ME-NBI in delineating
EGC. We also validated the usefulness of ME-NBI
for the early detection of gastric cancer in a Chinese
population.

RESULTS: Among the 3675 lesions found, 1508 were
validated by pathological findings as chronic gastritis,
1279 as chronic gastritis with intestinal metaplasia, 631
as low-grade neoplasia, and 257 as EGC. The sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy of HD-WLE for the diagnosis of
EGC were 71.2%, 99.1%, 85.5%, 97.9% and 97.1%,
respectively. The results of ME for diagnosing EGC were
81.3%, 98.8%, 83.3%, 98.6% and 97.6%, respectively.
The results of ME-NBI for the diagnosis of EGC were
87.2%, 98.6%, 82.1%, 99.0% and 97.8%, respectively.
The diagnostic sensitivity and accuracy of paired ME and
ME-NBI were significantly better than those of HD-WLE
(P < 0.05).
CONCLUSION: HD-WLE has a relatively high accuracy
for diagnosing EGC and is an effective screening tool.
Further investigations of ME and ME-NBI are required
to achieve superior accuracy.
Key words: Early diagnosis; Gastric cancer; Gastric
mucosa; Magnifying endoscopy; Narrow-band imaging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The early detection of gastric cancer is critical
to improving prognosis. A variety of techniques,
including magnifying endoscopy (ME) and magnifying
narrow-band imaging endoscopy (ME-NBI), are used to
identify early gastric cancer (EGC). Conventional white
light endoscopy shows a relatively high specificity and
accuracy in diagnosing EGC, which suggests that it
should be a first-line endoscopic screening modality.
However, further investigations using ME and ME-NBI
are needed to achieve higher sensitivity and accuracy.
Additionally, the ability to visualize microstructures
in suspected gastric lesions could be significantly
improved.
Yu H, Yang AM, Lu XH, Zhou WX, Yao F, Fei GJ, Guo T,
Yao LQ, He LP, Wang BM. magnifying narrow-band imaging
endoscopy is superior in diagnosis of early gastric cancer. World
J Gastroenterol 2015; 21(30): 9156-9162 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i30/9156.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i30.9156
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MATERIALS AND METHODS
Patients

This study was conducted in patients with focal gastric
mucosal lesions that were detected by conventional
white light endoscopy from March 2010 to June 2012
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B

C

Figure 1 assessment of the margin between the lesion and the surrounding mucosa was made and recorded as present or absent. A: High definition
white light endoscopy finding of a focal lesion 15 mm x 10 mm in diameter, Ⅱa + Ⅱc type in the gastric antrum; B: Magnifying endoscopy shows irregular pattern
of microsurface, with a relatively clear demarcation line; C: Magnifying narrow-band imaging endoscopy shows irregular and absent microsurface pattern, and
microvascular dilation, with a clear demarcation line. The histopathological diagnosis of the surgery specimen is early gastric cancer (revised Vienna classification
C5).

determine the appearance of the suspicious gastric
mucosa as a whole. ME was then used to reveal the
microstructure of the targeted mucosa. The endoscope
was then changed to magnifying NBI mode for
further observations of the gastric lesions. The biopsy
specimens were collected using standard forceps after
observing the target gastric lesions. The images of the
lesions obtained by each endoscopic modality were
recorded and saved in the digital filling system for
subsequent evaluation.

in four different referential medical centers in China.
Patients who were more than 40 years old without
any obvious epiabdominal symptoms, patients with
gastrointestinal symptoms such as anorexia or
dyspepsia, and patients seeking a follow-up endoscopy
subsequent to a previous pathological diagnosis of
intestinal metaplasia or chronic atrophic gastritis were
eligible for inclusion. Patients who had an established
diagnosis of advanced gastric cancer and those who
had been treated with prior gastric surgery were
excluded from the study. The study protocol was
approved by the Ethics Committee of the medical
centers. All of the participants, or their legal guardian,
provided written informed consent before being
enrolled in the study.

Analysis of endoscopic images

Four experienced endoscopists diagnosed the lesions
based on the images recorded in one of the endoscopic
modalities regardless of the images of the other two
modalities. This strategy was used to avoid potential
subjective deviation and guarantee the quality of the
study. The endoscopists had no access to patients’
clinical or pathological data. A conclusion for each
image was made after discussion among the four
endoscopists. In the HD-WLE mode, cancerous lesions
were defined based on the color and appearance
of the mucosa. We concluded that the lesion was
cancerous if we visualized the following endoscopic
characteristics: color change (such as redness,
whiteness or obvious color contrast), uneven mucosal
surface, and irregular lesion margins. For images
obtained in the ME and ME-NBI mode, the diagnosis
of cancerous and non-cancerous lesions was made by
evaluating the microsurface and microvascular pattern
using the VS classification system developed by Yao
[13]
et al . The microstructure (including microsurface
and microvascular patterns) was classified as regular,
irregular or absent. In addition, an assessment of the
margin between the lesion and the surrounding mucosa
was made and recorded as present or absent (Figure
1). Gastric mucosa with an irregular microvascular
pattern and a demarcation line and/or an irregular
microsurface pattern with a demarcation line was

Endoscopic procedure

The patients were administered a mixture of following
medications to eliminate the mucus adhering to
mucosa approximately 30 min before endoscopic
procedures: 8000 units of chymotrypsin (Shanghai
No. 1 Biochemical and Pharmaceutical, Shanghai,
China), 8 ml of dimeticone (Berlin-Chemie AG, Berlin,
Germany), 25 ml of sodium bicarbonate (CR DoubleCrane, Beijing, China), 50 mL of sodium chloride (CR
Double-Crane, Beijing, China). The patients were
asked to roll on the examination table for 10-15
min. The patients were then injected with 20 mg of
scopolamine butylbromide (ZiZhu Pharmaceutical,
Beijing, China) to reduce stomach spasms during the
procedure.
All of the endoscopic examinations were performed
using an upper gastrointestinal zoom endoscope (GIFH260Z; Olympus, Tokyo, Japan). A soft black hook
was mounted on the tip of the endoscope. The hook
helps fix the focal distance between the tip of the
endoscope and the target mucosa at 3 mm and allows
the endoscopist to clearly visualize the gastric lesions.
HD-WLE was first performed in eligible patients to
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257 cases of EGC (including category 4 and category
5), 631 cases of low-grade neoplasia (category 3),
and 1279 cases of chronic gastritis with intestinal
metaplasia. There were 1508 cases defined as chronic
gastritis. The patients’ clinical characteristics and lesion
types are summarized in Table 1.

Table 1 Clinical characteristics of eligible patients with gastric
lesions
Characteristic

Number

Patients
Gender (male/female)
Gastric mucosal lesions
Location of lesions
Upper third
Middle third
Lower third
Pathological diagnosis
Chronic gastritis with/without intestinal metaplasia
Low-grade neoplasia (C3)1
EGC (including C4 and C5)1

3616
1910/1706
3675

Relationship between endoscopic and pathological
diagnosis

182 (5.0)
206 (5.6)
3287 (89.4)

We analyzed the diagnostic value of HD-WLE, ME and
ME-NBI and found that all three modalities had a high
diagnostic accuracy (> 97%) for EGC compared with
pathology. The sensitivity of HD-WLE was 71.2%. The
sensitivity was 81.3% and 87.2% for ME and MENBI, respectively. The data for sensitivity, specificity,
positive predictive value, negative predictive value, and
accuracy used to evaluate the diagnostic value of each
method for EGC are shown in Table 2. The diagnostic
sensitivity and accuracy of both ME and ME-NBI were
significantly better at detecting ECG than those of
HD-WLE based on the VS classification system (P <
0.05). Thus, the use of ME and ME-NBI improved the
endoscopic recognition of EGC.

2787 (75.8)
631 (17.2)
257 (7.0)

1

According to revised Vienna classification[14].

[13]

defined as a cancerous lesion

.

Histopathology

The forceps biopsy specimens taken from the
target lesion were immediately placed in 10% buf
fered formalin. The histopathological diagnoses of
biopsy specimens were made by an experienced
gastrointestinal pathologist who had access to the
clinical patient information. In the present study,
lesions were diagnosed pathologically as chronic
gastritis, chronic gastritis with intestinal metaplasia,
and low-grade neoplasia (category 3) according to the
[14]
revised Vienna classification
and were designated
as non-cancerous lesions. High-grade neoplasias and
noninvasive cancerous lesions (category 4 and category
5) were designated as EGC. The histopathology of
biopsy specimens was used as the gold standard for the
diagnosis of EGC.

DISCUSSION
The early detection and proper treatment of gastric
cancer are closely associated with its cure rate. Gastric
endoscopy is globally recognized as the main method
for the early diagnosis of gastric cancer. However, it
should be noted that early pathological changes such
as altered arrangement of the gastric pit are not easily
detected by conventional HD-WLE before the cancer
progresses into advanced stages. The administration
of intravital dyes such as acetic acid or indigo carmine
during chromo-endoscopy facilitates the detection
[15,16]
of small neoplastic lesions
. However, chromoendoscopy is a relatively time-consuming process
and is inconvenient for endoscopists. Recent progress
in ME and NBI technology has allowed endoscopists
to visualize the microsurface pattern and the micro
vascular architecture of gastric lesions without the
[13]
administration of dyes . The maximal resolution
of ME is 6-9 micrometers. Thus, ME can reveal the
configuration of the gastric pit clearly and can identify
[13,17]
superficial lesions
. The NBI technology uses special
light filters and reduces white light to two 30-nmwide spectra corresponding to blue and green light,
[18]
which creates a pseudo-colored image . This image
has enhanced blood vessel contrast relative to the
[19]
surrounding mucosa . As a result, the microvascular
architecture of gastric lesions is clearly revealed and
a subsequent target biopsy of the suspected mucosa
[20]
could be performed with higher accuracy . There are
several studies on the diagnostic value of HD-WLE and
[17,21-26]
ME-NBI in EGC screening
. However, the sample
size of these studies was small and a comparison
between HD-WLE and ME not presented. The present

Statistical analysis

The statistical data were analyzed by Statistical Program
for Social Sciences (SPSS), Version 22.0 software (IBM,
United States). The accuracy, sensitivity, specificity,
positive predictive value, and negative predictive
value of the diagnoses were evaluated for HD-WLE,
ME and ME-NBI. The values were calculated with
reference to the pathological diagnosis. The Wilson
score method was used to measure the 95%CI. The
comparison of accuracy and sensitivity among the
three different endoscopic modalities was performed
using the McNemar test, and P < 0.05 was considered
significant. All authors had access to the study data
and reviewed and approved the final manuscript.

RESULTS
Clinical characteristics of patients and lesions

Overall, 3616 patients were enrolled in the study,
and the median age was 56 years (range: 40-90
years). There were 1910 male patients and 1706
female patients. There were 3675 lesions detected.
The pathological diagnoses revealed that there were
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Table 2 Comparison of the diagnostic value for early gastric cancer among different modalities of endoscopy
Procedure
HD-WLE
0
1
ME
0
1
ME-NBI
0
1

Number

Pathological diagnosis

Sensitivity

Specificity

Positive predictive value

Negative predictive value

Accuracy

0

1

(95%CI)

(95%CI)

(95%CI)

(95%CI)

(95%CI)

3461
214

3387
31

74
183

71.2%
(65.4-76.4)

99.1%
(98.7-99.4)

85.5%
(80.2-89.6)

97.9%
(97.3-98.3)

97.1%
(96.6-97.6)

3424
251

3376
42

48
209

81.3%a
(76.1-85.6)

98.8%
(98.3-99.1)

83.3%
(78.2-87.4)

98.6%
(98.2-98.9)

97.6%a
(97.0-98.0)

3402
273

3369
49

33
224

87.2%a
(82.5-90.1)

98.6%
(98.1-98.9)

82.1%
(77.1-86.2)

99.0%
(98.6-99.3)

97.8%a
(97.2-98.2)

a

P < 0.05 vs WLE. 0: Noncancerous lesions (chronic gastritis, chronic gastritis with intestinal metaplasia and low-grade neoplasia); 1: Cancerous lesions (EGC
including high-grade neoplasia); HD-WLE: High definition white light endoscopy; ME: Magnifying endoscopy; ME-NBI: Magnifying narrow-band imaging
endoscopy.

study enrolled a large number of patients from four
medical centers and analyzed the statistical data to
evaluate the exact diagnostic value of HD-WLE, ME
and ME-NBI for EGC.
As mentioned above, progress in the detection
of EGC is largely attributed to the development of
enhanced endoscopy (including ME, ME-NBI), which
enables the endoscopists to visualize the micro
structure within superficial gastric lesions. Based on
the microsurface and microvascular characteristics
[13]
and the presence of a demarcation line, Yao et al
proposed the vs classification system. In this system,
gastric mucosa with an irregular microvascular
pattern and a demarcation line and/or an irregular
microsurface pattern with a demarcation line could be
considered cancer. In the present study, we evaluated
the diagnostic effectiveness of different endoscopic
modalities according to this criterion.
Our study showed that the specificity and nega
tive predictive value of HD-WLE (both > 97%) are
high, and we believe that a further examination is
not required if no abnormal mucosa is detected by
HD-WLE because such a mucosa is likely to be a
noncancerous lesion. HD-WLE also showed a high
diagnostic accuracy (97.1%), which means that the
endoscopic diagnosis from HD-WLE images is already
consistent with the pathological diagnosis. Additionally,
HD-WLE is convenient and does not require other
special equipment. Thus, we recommend HD-WLE as
the first choice for EGC screening.
ME and ME-NBI showed superior diagnostic sensi
tivity and accuracy to HD-WLE in our study, and
the differences are statistically significant. ME and
NBI can reveal the morphology of microsurfaces
and microvasculature. When used together, these
two technologies further facilitate the observation
[27-29]
of the microstructures of suspected lesions
.
Moreover, it is known that pathological results instead
of endoscopic findings are the gold standard for the
diagnosis of gastric carcinoma. As a result, determining
which area of the gastric mucosa is most likely to be
cancerous and how to perform a subsequent biopsy at
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the exact target mucosa is critical to the diagnosis of
EGC. Therefore, using ME and ME-NBI may increase
both the accuracy of locating suspicious mucosa and
the positive biopsy rate. Furthermore, early diagnosis
of gastric cancer is not the ultimate goal for clinicians.
The long-term prognosis of gastric cancer could be
improved only if proper and successful endoscopic
or surgical resection of the cancerous mucosa is
performed. Therefore, it is crucial for endoscopists to
delineate the exact margin of gastric lesions. ME-NBI
is superior to other endoscopic modalities because it
distinguishes the cancerous mucosa from surrounding
tissues by revealing the irregular microstructure of
[30]
gastric lesions . It is then obvious that although
conventional HD-WLE could be used as a screening
tool for EGC, ME and ME-NBI show great superiority
in delineating gastric lesions for subsequent targeted
biopsy and endoscopic resection.
There are some limitations of the present study:
(1) the data of our study can not be directly applied
to real life clinical practice, since the diagnosis of the
endoscopic images was obtained by four experienced
endoscopists instead of real time evaluation during the
process. Moreover, the participants in our study were
administered a mixture of medication to eliminate
mucus adhering to mucosa, thus achieving perfect
conditions for endoscopic observations, which was
not commonly used in clinical practice. As a result,
the data of our study should be further confirmed in
more clinical trials where the differences of HD-WLE,
ME and ME-NBI in detecting EGC may appear less
relevant or even more significant; (2) since there are
no well-recognized diagnostic criteria for precancerous
lesions such as low-grade neoplasia, we only analyzed
the differences of three endoscopic modalities in
recognizing cancerous lesions including high-grade
neoplasia and noninvasive gastric cancer, and no
data involving precancerous lesions were present;
and (3) in the present study, we analyzed the overall
diagnostic value for gastric lesions regardless of the
specific shape, type and location of these lesions. In
order to obtain more statistics as to which subtype of
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lesions is more easily recognized by some endoscopic
modality, further clinical trials are needed.
In conclusion, HD-WLE can remain the first choice of
doctors for screening EGC because it is a convenient and
effective method of examination. Additionally, HD-WLE
has a high diagnostic accuracy compared with pathology.
However, ME and ME-NBI show superior sensitivity and
accuracy for diagnosing gastric mucosal lesions in early
stages. These two endoscopic technologies could enable
endoscopists to observe gastric lesions more clearly and
identify suspected lesions more accurately. Furthermore,
proper identification could facilitate the subsequent
endoscopic resection of gastric mucosa if a cancerous
lesion is validated by histopathological results.

4
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who underwent triple therapy with the first generation
NS3/4A protease inhibitors, boceprevir (BOC) and
telaprevir (TVR), in combination with pegylated
interferon and ribavirin. The patients were treatment in
routine practice settings. Data on the study population
and on adverse clinical and virologic effects were
compiled during the treatment period and during follow
up.

Gómez M, Navarro JM, Testillano M, Fernández C, Espinosa D,
Carmona I, Pons JA, Jorquera F, Rodriguez FJ, Pérez R, Montero
JL, Granados R, Fernández M and the Alhambra Spanish Study
Group contributed to treatment of patients and planning the study.
Institutional review board statement: The study was reviewed
and approved by Andalusian Coordinating Committee for
Biomedical Research Ethics and Spanish Agency of Medicines
and Health Product.

RESULTS: One thousand and fifty seven patients were
included, 405 (38%) were treated with BOC and 652
(62%) with TVR. Of this total, 30% (n = 319) were TN
and the remaining were TE: 28% (n = 298) relapsers,
12% (n = 123) partial responders (PR), 25% (n = 260)
null-responders (NR) and for 5% (n = 57) with prior
response unknown. The rate of sustained virologic
response (SVR) by intention-to-treatment (ITT) was
greater in those treated with TVR (65%) than in those
treated with BOC (52%) (P < 0.0001), whereas by
modified intention-to-treatment (mITT) no were found
significant differences. By degree of fibrosis, 56%
of patients were F4 and the highest SVR rates were
recorded in the non-F4 patients, both TN and TE. In the
analysis by groups, the TN patients treated with TVR
by ITT showed a higher SVR (P = 0.005). However, by
mITT there were no significant differences between
BOC and TVR. In the multivariate analysis by mITT,
the significant SVR factors were relapsers, IL28B CC
and non-F4; the type of treatment (BOC or TVR) was
not significant. The lowest SVR values were presented
by the F4-NR patients, treated with BOC (46%) or
with TVR (45%). 28% of the patients interrupted the
treatment, mainly by non-viral response (51%): this
outcome was more frequent in the TE than in the TN
patients (57% vs 40%, P = 0.01). With respect to
severe haematological disorders, neutropaenia was
more likely to affect the patients treated with BOC
(33% vs 20%, P ≤ 0.0001), and thrombocytopaenia
and anaemia, the F4 patients (P = 0.000, P = 0.025,
respectively).

Clinical trial registration statement: This study is registered
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CONCLUSION: In a real clinical practice setting with
a high proportion of patients with advanced fibrosis,
effectiveness of first-generation PIs was high except for
NR patients, with similar SVR rates being achieved by
BOC and TVR.
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Abstract
AIM: To evaluates the effectiveness and safety of the
first generation, NS3/4A protease inhibitors (PIs) in
clinical practice against chronic C virus, especially in
patients with advanced fibrosis.

Core tip: To the best of our knowledge, this study
objectively evaluates the effectiveness and safety of
first-generation protease inhibitors in routine clinical
practice against chronic C virus infection. A total of
1057 patients with chronic hepatitis C genotype 1,
treatment with triple therapy (boceprevir or telaprevir
in combination with peginterferon and ribavirin) were
included: 30% (n = 319) were treatment-naïve and

METHODS: Prospective study and non-experimental
analysis of a multicentre cohort of 38 Spanish hospitals
that includes patients with chronic hepatitis C genotype
1, treatment-naïve (TN) or treatment-experienced (TE),
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[10-12]

the remaining 738 (70%) were treatment-experienced:
28% were relapsers, 12% were partial responders,
25% were null-responders and for 5% the prior
response was unknown. At present not all patients
can be treated with new molecules as simeprevir or
sofosbuvir.

one serious adverse effect
.
In Spain, this approach has mainly been used
to treat patients presenting a high degree of liver
fibrosis, in accordance with Ministry of Health re
[13]
commendations , in the view that this population
is a more complex one, with more comorbidities
than HCV patients detected at earlier stages of the
[7,8,14,15]
disease
. The aim of the present study is to
evaluate the efficacy and safety of triple therapy
with first-generation PIs in clinical practice, both in
treatment-naïve patients (TN) and in treatmentexperienced ones (TE).

Salmerón J, Vinaixa C, Berenguer R, Pascasio JM, Sánchez
Ruano JJ, Serra MÁ, Gila A, Diago M, Romero-Gómez M,
Navarro JM, Testillano M, Fernández C, Espinosa D, Carmona
I, Pons JA, Jorquera F, Rodriguez FJ, Pérez R, Montero JL,
Granados R, Fernández M, Martín AB, Muñoz de Rueda P,
Quiles R; Alhambra Spanish Study Group. Effectiveness and
safety of first-generation protease inhibitors in clinical practice:
Hepatitis C virus patients with advanced fibrosis. World J
Gastroenterol 2015; 21(30): 9163-9174 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i30/9163.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i30.9163

MATERIALS AND METHODS
Patients

A total of 1057 Spanish patients have been included in
the national Register of Patients with Chronic Hepatitis
C treated with PIs, administered by the Andalusian
Public Health and Progress Foundation (protocol
code FSE-TEL-2013-01), designed in compliance with
applicable national legislation (Act 15/1999 LOPD and
the Biomedical Research Act 14/2007). All patients
involved in the study were informed verbally and in
writing of the characteristics of the study obtaining
their consent to participate by signing the informed
consent (in accordance with the Declaration of
Helsinki). This study was approved of the Andalusian
Coordinating Committee for Biomedical Research
Ethics, the Ethics Committees of each of the 38
hospitals that have contributed to the Register and
Spanish Agency of Medicines and Health Product.
The present study is an open, prospective, nonexperimental analysis of a multicentre cohort including
patients with HCV genotype 1, both TN and TE, who
meet the requirements, according to rules set out
by the Health Ministry and by each Autonomous
Community, to be treated with first-generation PIs,
BOC or TVR, i.e., these patients all present moderate
or advanced liver fibrosis (Metavir fibrosis score of F3
or F4). The diagnosis of liver fibrosis was established
according to local clinical practice. For most patients,
Fibroscan was used according to the manufacturer’s
instructions (Fibroscan, Echosens). The results were
expressed in kilopascals (kPa) applying the following
[16]
cut-off values to determine the degree of fibrosis :
< 7.5 kPa, mild or no fibrosis (F0-F1); ≥ 7.5 kPa
and < 9.5 kPa, significant fibrosis (F2); ≥ 9.5 kPa
and < 12.5 kPa, severe fibrosis (F3); ≥ 12.5 kPa,
liver cirrhosis (F4). All patients in the study, and
in accordance with applicable national legislation,
gave their informed consent to be included in the
Register. The following exclusion criteria were applied:
simultaneous participation in another research study,
non-availability to follow up, contraindications for triple
therapy, coinfection with HBV and/or HIV, advanced
liver cirrhosis and liver transplantation.

INTRODUCTION
The hepatitis C virus (HCV) is a global health problem.
Estimates suggest that in 2005 about 185 million
people worldwide were infected with HCV and that
the prevalence had increased by 2.3% with respect to
[1]
1990 . Moreover, about 80% of patients progress to
chronicity, and between 5%-30% to liver cirrhosis and
[2]
hepatocellular carcinoma , which provoke 366000
[3]
deaths annually .
For decades, the standard treatment for chronic
hepatitis C (CHC) has been based on a combination
of pegylated interferon (PEG-IFN) and ribavirin (RBV),
which achieve a rate of sustained virologic response
[4,5]
(SVR) of 41% . However, a few years ago, directacting antiviral agents (DAAs) such as boceprevir
(BOC) and telaprevir (TVR), which are first-generation
NS3/4A protease inhibitors (PIs), were incorporated
into treatment protocols. With the use of these PIs, the
rate of SVR has increased in clinical phase Ⅲ trials by
up to 75% in HCV genotype 1 patients, although the
treatment is complicated by problems of tolerability
and other adverse effects. However, to date most
clinical trials have not accurately reflected the patients
being treated in clinical practice, because the study
population tends to be composed of carefully selected
subjects, with very few cirrhotic patients being
[6-9]
included . For this reason, some studies conducted
to examine the efficacy and safety of triple therapy in
patients with advanced liver disease, such as those
examining the CUPIC cohort in the French Early
Access programme and the American Veterans cohort,
have concluded that despite achieving high levels of
SVR, PIs are associated with a higher rate of adverse
events, including deaths, cirrhotic decompensation,
dermatologic disorders and severe anaemias, with
51%-54% of the patients treated presenting at least
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Data compilation and processing

nonparametric test. The response to antiviral therapy
was tested using binary logistic regression with
bivariate and multivariate analysis, together with the
propensity score. In nonrandomized studies treatment
selection is often influenced by subject characteristics.
Thus, in our case, the baseline characteristics of
the subjects may differ depending on the treatment
used. Therefore, one must account for systematic
differences in baseline characteristics between different
treatments when estimating the effect of treatment on
outcomes. Therefore, one must account for systematic
differences in baseline characteristics between different
treatments when estimating the effect of treatment
on outcomes. For this reason, we used methods
based on the propensity score to reduce or eliminate
confounding effects when using observational
[17,18]
data
. Thus, in a set of subjects, all of whom have
the same propensity score, the distribution of the
observed baseline covariates will be the same between
the two treatment groups. To adjust the regression, we
incorporated a large set of background covariates to
estimate the propensity score and then used a subset
of these covariates (previous response, IL28B, fibrosis,
treatment, logarithm GGT and logarithm viral load)
and the propensity score in the regression adjustment.
The criterion for statistical significance was P ≤ 0.05.
Data management and analysis were performed using
SPSS 15.0 for Windows.
The statistical methods of this study were reviewed
by Paloma Muñoz de Rueda from San Cecilio University
Hospital

Treatment was prescribed according to the recom
mendations of product characteristics for each of the
drugs used. Data were compiled by the specialist
in question during the treatment and follow-up.
The minimum set of common data was obtained
using data collection protocols, taking into account
sociodemographic, diagnostic, clinical, treatment and
analytical variables.

RNA-HCV monitoring

The viral load, or level of HCV RNA, was determined,
following the recommendations of standard clinical
practice, at the following times: baseline, at weeks
4, 12, 24 and 48 wk of treatment and at 12 wk posttreatment. HCV-RNA was determined in serum with
the Amplicor HCV Kit (Roche Diagnostics System).
HCV-RNA serum levels were validated real-time PCRbased assays COBAS AmpliPrep/COBAS TaqMan (Roche
Molecular Systems, Pleasanton, CA, United States)
with a lower limit of detection of 15 IU/mL. Testing was
performed at each site, following local practice.

Effectiveness and safety

Treatment effectiveness, i.e., the likelihood of achieving
SVR at 12 wk post-treatment, was assessed by
intention to treatment (ITT), including all patients
(n = 1057), and by modified intention to treatment
(mITT; n = 952), excluding patients who had a
decrease of less than 1log10 IU per millilitre in the
HCV RNA level during the 4-wk lead-in period and had
not received any dose of BOC or TVR (Figure 1). The
adverse effects reported by patients were compiled
prospectively during the treatment period and during
follow-up (12 wk post-treatment). Anaemia events
were managed according to the usual practice at each
hospital. Anaemia was defined as mild or grade 0-1-2
for haemoglobin values > 8 gr/dL, and as severe or
grade 3-4 for Hb < 8 gr/dL. Other cytopaenias were
also classed as mild (grade 0-1-2) or severe (grade 3-4)
according to the values of neutrophils (neutropaenia
grade 0-1-2, > 750 μL; grade 3-4 neutropaenia, < 750
μL) and of platelets (thrombocytopaenia grade 0-1-2,
> 50000 μL; grade 3-4 thrombocytopaenia, < 50000
μL). The use of erythropoietin or other growth factors,
and/or of blood transfusion, was also noted.

RESULTS
A total of 1057 patients with CHC participated in this
study. 405 (38%) were treated with BOC and 652
(62%) with TVR (Table 1). Of the 1057 patients, 30%
(n = 319) were TN and the rest were TE. 34% of the
patients treated with TVR were relapsers (R), vs 19%
of those treated with BOC (P ≤ 0.0001). 958 patients
were tested for liver fibrosis (Table 1), and 33% of the
non-F4 patients were found to be R (compared to 24%
of the F4 patients), while 28% of the F4 patients were
null responders (NR) (vs 20% of the non-F4 patients,
P = 0.01) (Table 1).
The baseline characteristics of all patients and
those according to prior response are shown in Table 2.
In the total patients, there were significant differences
between BOC and TVR in liver fibrosis (P = 0.002),
GGT (P = 0.05) and albumin (P = 0.04); in the TN
patients, in liver fibrosis (P = 0.000); in the R patients,
in albumin (P = 0.03); in the partial responders (PR)
patients, in liver fibrosis (P = 0.03) and in albumin (P
= 0.02) and, finally, in the NR patients, in GGT (P =
0.04).
The SVR results (Figure 2) were obtained by
grouping the patients by ITT (n = 1057) (Figure 2A)
and by mITT (n = 952) (Figure 2B). In the group

Statistical analysis

The baseline and demographic characteristics of
the study population were analysed descriptively by
treatment arm (BOC and TVR) and clinical situation (TN
and TE). The quantitative variables are expressed as
mean ± SD and the qualitative variables as absolute
values with percentages. Inter-group comparisons
2
for qualitative variables were made using the χ test
or Fisher’s exact test, and the quantitative variables,
using Student’s t-test; non-normal distribution
variables were tested using the Mann-Whitney U
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SVR
achieved
n = 424, 65%

TVR
(n = 652, 62%)

SVR
achieved
n = 204, 64%

Stop treatment
(n = 88, 27%)

BOC
(n = 321, 34%)

SVR
achieved
n = 422, 67%

Stop treatment
(n = 175, 28%)

TVR
(n = 631, 66%)

Non-RV (n = 48, 54%)
AE severe (n = 22, 25%)
Abandonment (n = 4, 4%)
Infection (n = 4, 4%)
Exitus (n = 3, 3%)
Others (n = 3, 3%)

Modified intent to treatment (mITT)
(n = 952)

Lead-in < 1 log W4
(n = 105)

Stage fibrosis
(n = 958)

SVR
achieved
n = 180, 76%

TVR
(n = 236)

Non-RV (n = 85, 49%)
AE severe (n = 61, 35%)
Abandonment (n = 2, 1%)
Infection (n = 2, 1%)
Exitus (n = 8, 5%)
Others (n = 11, 6%)

SVR
achieved
n = 96, 75%

BOC
(n = 127)

Non F4 (n = 363)

SVR
achieved
n = 87, 54%

BOC
(n = 161)

SVR
achieved
n = 187, 62%

TVR
(n = 302)

F4 (n = 463)

Modified intent to treatment (mITT)
(n = 826)

treated with BOC (n = 405), 99% (n = 401) were given the lead-in treatment, and of these, 20% (81/401) did not respond well; whereas in the patients treated with
TVR (n = 652), only 14% (n = 90) were given the lead-in treatment, and of these, 23% (n = 21) responded poorly. By ITT, among the all patients group those treated
with TVR achieved a higher SVR rate than those given BOC (65% vs 52%, P < 0.0001) as did the NR group (45% vs 28%, P = 0.005). By contrast, there were no
significant differences in the TN, R or PR groups (P > 0.05). As expected, the analysis by mITT revealed no significant differences in any of the study groups (Figure 2B).
In response to treatment by type of fibrosis (non-F4 vs F4), the non-F4 patients achieved a higher SVR rate in the TN and PR patients (P = 0.01 and P = 0.008,
respectively) (Figure 3A). The same pattern was observed in the patients given BOC (P = 0.03 and P = 0.01) (Figure 3B). However, among the patients given TVR,

Figure 1 Study ALHAMBRA cohort. Cohort global of patients included in the study (n = 1057) according to treatment PIs (BOC or TVR) by ITT and mITT and stage of fibrosis (non-F4 and F4). PIs: Protease inhibitors; BOC: Boceprevir; TVR:
Telaprevir; ITT: Intention-to-treatment; mITT: Modified intention-to-treatment.

SVR
achieved
n = 212, 52%

BOC
(n = 405, 38%)

Intent to treatment (ITT)
(n = 1057)

Treatment PIs
(n = 1057)

Global patients
(n = 1057)
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Table 1 Group of patients according to hepatitis C virus treatment history n (%)
All patients

BOC

P value

TVR

Fibrosis

(n = 1057) (100) (n = 405) (38) (n = 652) (62)

Non-F4

P value

F4

(n = 423) (44) (n = 545) (56)

All patients
(n = 958) (100)

TN
TE
R
PR
NR
Unknown responders

319 (30)
738 (70)
298 (28)
123 (12)
260 (25)
57 (5)

130 (32)
275 (68)
77 (19)
55 (14)
119 (29)
24 (6)

189 (29)
463 (71)
221 (34)
68 (10)
141 (22)
33 (5)

0.000

294 (30)
664 (70)
270 (28)
113 (12)
238 (25)
53 (6)

129 (31)
294 (67)
138 (33)
44 (10)
86 (20)
26 (6)

165 (30)
380 (70)
132 (24)
69 (13)
152 (28)
27 (5)

0.010

Bivariate analysis: χ 2 tests. TN: Treatment-naïve; TE: Treatment-experienced; R: Relapsers; PR: Partial responders; NR: Null responders; Unknown
responders: Treatment-experienced with response unknown.

BOC
100

0.000

NS

NS
77

SVRw12 (%) ITT

80
65
60

52

59

B

TVR
NS

0.00

82

63

63

55

45

40

28

20
0

212/ 424/
405 652

77/ 120/
130 189

59/ 182/
77 221

Total patients

Naïve

Relapsers

30/ 43/
55 68

33/ 63/
119 141

BOC
100

SVRw12 (%) mITT

A

NS

TVR

NS

NS
79

80
64 67

60

NS

NS

82

65 64

64

58

46

50

40
20
0

Partial
Null
responders responders

204/ 422/
321 631

73/ 119/
112 186

57/ 182/
72 221

Total patients

Naïve

Relapsers

30/ 43/
52 67

32/ 62/
70 125

Partial
Null
responders responders

Figure 2 SVRw12 intention-to-treatment and modified-intention-to-treatment. SVRw12 rates in ITT (n = 1057) (A), and mITT (n = 952) (B) groups. BOC: Boceprevir;
TVR: Telaprevir; ITT: Intention-to-treatment; mITT: Modified intention-to-treatment; TN: Treatment-naïve patients; R: Relapsers; PR: Partial responder; NR: Null responder.
Non-F4

Global patients treated
HCV RNA(-) (%)

100
80

0.000

0.01
77

76
59

60

NS
85
76

0.008
77

58

52

55
45

20

276/ 274/
363 463

92/ 90/
119 155

115/ 99/
135 130

Total patients

Naïve

Relapsers

C

Non-F4
100
80
60

0.000

0.01
78

76
62

33/ 35/
43 68

36/ 50/
66 110

Non-F4
100

NS

40

0

Patients treated with TVR
HCV RNA(-) (%)

B

F4

Patients treated with BOC
HCV RNA(-) (%)

A

80
60

0.03
76

75
54

NS
86

0.01

NS

82

72
56
45

50

46

40
20
0

Partial
Null
responders responders

0.000

F4

96/ 87/
127 161

41/ 29/
54 52

31/ 23/
36 32

Total patients

Naïve

Relapsers

14/ 14/
17 31

10/ 21/
20 46

Partial
Null
responders responders

F4
NS
85
78

59

NS

NS

73
57

56
45

40
20
0

180/ 187/
236 302

51/ 61/
65 103

84/ 76/
99 98

Total patients

Naïve

Relapsers

19/ 21/
26 37

26/ 29/
46 64

Partial
Null
responders responders

Figure 3 SVRw12 according to stage of fibrosis. Response to treatment according to stage of fibrosis (Non-F4 vs F4) in all patients (A), in the group of patients
treated with BOC (B) and in the group of patients treated with TVR (C). BOC: Boceprevir; TVR: Telaprevir; HCV: Hepatitis C virus.
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55 (18)
191 (64)
54 (18)

157 (20)
510 (63)
138 (17)

95 ± 46
4.0 ± 0.5
0.8 ± 0.2
3.3 × 106 ±
6 × 106

161358 ±
66199
94 ± 14
89 ± 65
107 ± 103

102 (20)
319 (63)
84 (17)

137 (24)
429 (76)

53 ± 8
460 (71)

93.6 ± 40.8
4.18 ± 0.428
0.79 ± 0.16
3.5 × 106 ±
5.9 × 106

95.2 ± 49.6
4.25 ± 0.52
0.81 ± 0.2
3.2 × 106 ±
5.9 × 106

46 (12)
35 (6)
42 (11)
96 (16)
76 (20)
128 (22)
217 (57)
328 (56)
15 ± 1.5
15.1 ± 1.5
3241.4 ±
3220.4 ±
1329.6
1290.3
162194.7 ±
160841.2 ±
65144.4
66889.7
94.7 ± 12.6
92.7 ± 14.8
88.9 ± 70.1
89.8 ± 61.6
115.3 ± 106.1 101.8 ± 101.3

102 (28)
263 (72)

239 (26)
692 (74)

81 (8)
138 (14)
204 (21)
545 (56)
15 ± 1
3228 ± 1305

54 ± 9
264 (65)

54 ± 8
724 (69)

NS
0.040
NS
NS

NS
NS
0.050

NS

NS
NS

0.002

NS

NS

NS

35 (23)
94 (61)
24 (16)

47 (29)
116 (71)

53 ± 9
124 (66)

88.4 ± 31
4.2 ± 0.5
0.8 ± 0.2
3.5 × 106 ±
6.2 × 106

99 ± 57
4.2 ± 0.4
0.8 ± 0.1
3.8 × 106 ±
8.9 × 106

19 (15)
4 (2)
17 (14)
28 (16)
27 (22)
34 (20)
60 (49)
105 (62)
15 ± 1.6
14.8 ± 1.5
3317.8 ±
3155.1 ±
1250.4
1276.1
169727.3 ± 159038.1 ±
68082
72104.9
93.7 ± 11
95.6 ± 15.3
80.6 ± 55
92.4 ± 62.0
90.6 ± 86.5 107.0 ± 133.8

27 (26)
57 (54)
21 (20)

32 (27)
85 (73)

52 ± 10
85 (65)

NS
NS
NS
NS

NS
NS
NS

NS

NS
NS

0

NS

NS

NS

TVR
P value
BOC
TVR
P value
(n = 652)
(n = 130) (n = 189)

TN (n = 319)

89.4 ± 30.0
4.2 ± 0.4
0.8 ± 0.2
2.8 × 106 ±
3.8 × 106

172671 ±
69822
94.2 ± 13.0
80 ± 64
110 ± 144

11 (15)
7 (10)
21 (29)
34 (46)
15 ± 1.6
3499 ± 1405

8 (16)
36 (74)
5 (10)

18 (25)
54 (75)

54.6 ± 8
46 (60)

BOC
(n = 77)

89.3 ± 43.0
4.4 ± 0.4
0.8 ± 0.2
3 × 106 ±
4.1 × 106

178393 ±
66412
90 ± 15
76.0 ± 51.2
81.2 ± 70.0

27 (14)
31 (16)
41 (21)
98 (49)
15.3 ± 1.3
3366 ± 1392

46 (29)
97 (61)
16 (10)

38 (20)
151 (80)

53 ± 8
157 (71)

NS
0.030
NS
NS

NS
NS
NS

NS

NS
NS

NS

NS

NS

NS

TVR
P value
(n = 221)

R (n = 298)

5 (9)
38 (72)
10 (19)

13 (23)
44 (77)

53 ± 8
55 (81)

TVR
(n = 68)

99.6 ± 50.6 101.8 ± 48.1
4.1 ± 0.4
4.3 ± 0.5
0.8 ± 0.2
0.8 ± 0.2
4.1 × 106 ± 2.3 × 106 ±
9.5 × 106
2.6 × 106

8 (16)
2 (3)
3 (6)
9 (14)
7 (14)
15 (24)
32 (64)
37 (59)
14.9 ± 1.5
15.2 ± 1.5
3002 ±
3168 ±
1364.5
1182.5
156907 ±
147308 ±
57085
61828
95.8 ± 16.0 93.4 ± 11.0
90 ± 53
87 ± 46
116.8 ± 79.0 113.0 ± 87.5

5 (13)
24 (63)
9 (24)

15 (31)
34 (69)

54.6 ± 8
35 (64)

BOC
(n = 55)

PR (n = 123)

NS
0.020
NS
NS

NS
NS
NS

NS

NS
NS

0.03

NS

NS

0.03

P value

3 (3)
14 (12)
16 (14)
80 (71)
15.2 ± 1.5
3156 ±
1385.5
154046 ±
62558
95.6 ± 0.7
93.6 ± 48.8
143.1 ±
107.0
96.7 ± 46.6
4.2 ± 0.4
0.7 ± 0.2
3.3 × 106 ±
4.7 × 106

9 (10)
61 (70)
17 (20)

34 (32)
72 (68)

54 ± 9
85 (71)

BOC
(n = 119)

95.1 ± 49.1
4.0 ± 0.6
0.8 ± 0.22
3 × 106 ±
4 × 106

1 (1)
20 (16)
32 (25)
72 (58)
15.3 ± 1.6
3176.0 ±
1208.1
144128.6 ±
55066
92.6 ± 15.5
106.3 ± 77.0
117.7 ± 93.0

9 (8)
77 (68)
27 (24)

31 (24)
99 (76)

54 ± 7
101 (72)

TVR
(n = 141)

NR (n = 260)

NS
NS
NS
NS

NS
NS
0.040

NS

NS
NS

NS

NS

NS

NS

P value

there were only differences among the TN patients (P = 0.01) (Figure 3C).
In the univariate and multivariate analysis (Table 3), taking into account the baseline characteristics of patients by ITT and by response to antiviral therapy, we found
that the type of prior response, IL28B, liver fibrosis, GGT and treatment with PIs were all significantly associated with SVR rates. When the analysis was performed
using the propensity score, treatment with PIs lost statistical significance (OR = 1.3, 95%CI: 0.8-2.05, P = 0.89). This outcome was confirmed in the group of patients
by mITT, for whom treatment with PIs was not associated with SVR rates (OR = 1.1, 95%CI: 0.7-1.7, P = 0.77) (Table 3).
Twenty eight percent of the all patients group (263/952 patients, mITT) had to discontinue treatment, for various reasons, the most common of which was nonviral response (51%), followed by serious adverse effects (31%) (Table 4). By type of treatment (BOC vs TVR), there were no statistically significant differences. Nonviral response was greater in the TE than in the TN patients (57% vs 40%, P = 0.01), while there were more deaths in the TN group (8% vs 2%, P = 0.02). The

n (%) and χ 2 tests summarise the categorical variables; mean ± SD and Student’s t-test or Mann-Whitney U test summarise the continuous variables. NS: Not significant; BOC: Boceprevir; TVR: Telaprevir; TN: Treatment-naïve; R:
Relapsers; PR: Partial responders; NR: Null responders.

Alkaline phosphatase (mL)
Albumin (g/L)
Creatinine (mg/dL)
HCV viral load (IU/mL)

Prothrombin (%)
ALT (IU/mL)
GGT (IU/mL)

Platelets (%)

Age (yr), mean ± SD
Male sex
HCV genotype 1 subtype
1a
1b
IL28b genotype
CC
CT
TT
Stage of fibrosis
F0F1
F2
F3
F4
Hb (g/dL)
PMN (mL)

All
BOC
(n = 1057) (n = 405)

All patients (n = 1057)

Table 2 Baseline characteristics of the study patients (unknown previous virologic response patients, n = 57)
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Table 3 Analyses of factors related to sustained virologic response: Univariate and multivariate effectiveness analysis
ITT

mITT

Univariate

Multivariate

Univariate

Multivariate

OR

95%CI

P value

OR

95%CI

P value

OR

95%CI

P value

OR

95%CI

P value

2.6
0.9
0.4

1.8-3.7
0.6-1.3
0.2-0.5

0.000
NS
0.000

1.8
0.9
0.6

1.09-3.1
0.5-1.7
0.37-0.9

0.022
NS
0.330

2.4
0.9
0.5

1.6-3.5
0.6-1.3
0.3-0.7

0.000
NS
0.000

1.9
0.8
0.7

1.1-3.3
0.4-1.6
0.39-1.1

0.019
NS
NS

3.6
1.8

2.2-5.9
1.2-2.6

0.000
0.003

3.07
1.6

1.5-5.9
1.001-2.6

0.001
0.049

3.2
1.8

1.9-5.4
1.2-2.8

0.000
0.004

3.0
1.6

1.4-6.0
0.9-2.7

0.002
NS

2.1

1.6-2.8

0.000

2.0

1.33-3.0

0.001

2.26

1.7-3.04

0.000

2.1

1.4-3.3

0.000

1.7
0.19
0.8

1.3-2.1
0.12-0.3
0.6-1.003

0.000
0.000
NS

1.5
0.3
0.7

1.02-2.2
0.18-0.6
0.5-0.99

0.038
0
0.048

1.1
0.2
0.8

0.9-1.5
0.15-0.23
0.6-1.003

NS
0.000
NS

1.1
0.4
0.7

0.7-1.7
0.2-0.7
0.4-1.1

NS
0.004
NS

1

Previous response
R
PR
NR
IL28B2
CC
CT
Fibrosis3
Non-F4
Treatment4
TVR
LogGGT
LogViral load
1

TN; 2TT; 3F4; 4BOC. TN: Treatment-naïve patients; R: Relapsers; PR: Partial responders; NR: Null responders; BOC: Boceprevir; ITT: Intention-to-treatment;
mITT: Modified intention-to-treatment.

following causes of death were recorded: two patients,
cardiovascular problems; one patient, lung neoplasm
unrelated to treatment; two patients, severe infection
(pneumonia and salmonellosis respectively); one
patient with non-F4 stage, hepatic decompensation;
four patients with very advanced liver cirrhosis, multiorgan failure caused by severe anaemia, hepatic
decompensation, hepatic encephalopathy, infection
and digestive haemorrhage; one patient, unknown
cause unrelated to treatment.
The adverse haematologic effects observed are
shown in Table 5. With respect to neutrophils (n =
943), 25% of the patients had severe neutropaenia
(grade 3-4), this being more common in the
patients given BOC (33% vs 20%, P ≤ 0.0001).
Thrombocytopaenia occurred in the same proportion in
patients given BOC and in those given TVR, although it
was higher in the F4 than in the non-F4 patients (26%
vs 8%, P ≤ 0.0001). No significant differences were
observed in the degree of anaemia among the patients
treated with BOC or TVR; however, the fact that the
proportion of patients with severe anaemia (grade 3-4)
was greater in the TVR patients (10% vs 8%, P > 0.05),
led to more of these patients receiving transfusions
(P = 0.001) and EPO (P ≤ 0.0001). Severe anaemia
was also more frequent in the F4 patients than in the
non-F4 patients (11% vs 7%, P = 0.025).

the treatment arms was decided by the physician, and
for this reason more R patients were given TVR than
BOC, while more NR patients were given BOC than
TVR. The baseline characteristics were very similar
among the two groups of patients, although the
presence of liver fibrosis may have led to different SVR
rates in the TN and PR groups, to different levels of
albumin in the R and PR groups, and to different levels
of GGT in the NR patients. The remaining variables did
not present significant differences.
The SVR rates obtained were similar to those
[19,20]
reported in previous clinical trials
. Thus, the R
patients presented the highest SVR rates and the NR
[21]
patients, the lowest . The SVR rates were similar
in all the subgroups of patients, for BOC and TVR by
ITT and mITT, with the sole exception of the NR group
by ITT. In a prospective analysis of 511 patients with
[12]
liver cirrhosis, treated previously (the CUPIC study) ,
the SVR rates were lower than those obtained in
our cohort, probably because these patients had a
more advanced stage of liver disease. However, in
the CUPIC study the proportion of patients with no
response to previous treatment was 8% vs 25% in
our study. Regarding the TN patients treated with BOC
or TVR, our observed rates of SVR were also lower
than those observed in another prospective study of
621 TN patients, in which 266 patients were treated
with BOC or TVR, obtaining SVR rates of 76.6% and
[22]
71.1% respectively . In our study, the SVR rates
in the TN patients were closer to those achieved in
an observational study of a cohort of 835 American
[23]
Veterans patients . The high proportion of F4 patients
(56%) in our study is comparable to the observations
obtained from a study of over 1500 TN and TE patients
[14]
with advanced liver fibrosis and treated with TVR .
Analysis of the rate of SVR in response to treatment,
according to the degree of fibrosis, showed that
non-F4 patients responded better than F4 patients,

DISCUSSION
The data presented in this study reflect the experience
of standard clinical practice, in a cohort of 1057
patients with CHC genotype 1, treated with BOC or
TVR in triple therapy. We analyse the effectiveness and
safety profiles of triple therapy with first-generation PIs
in combination with PEG-IFN/RBV, in both TN and TE
patients, most of whom presented an advanced grade
of fibrosis. The inclusion of patients in one or other of
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263/952 (28)
133/263 (51)
83/263 (31)
6/263 (2)
6/263 (2)
11/263 (4)
14/263 (5)

All patients (n = 952)

97/298 (33)
39/97 (40)
31/97 (32)
2/97 (2)
2/97 (2)
8/97 (8)
5/97 (5)

166/654 (25)
94/166 (57)
52/166 (31)
4/166 (2)
4/166 (2)
3/166 (2)
9/166 (5)

0.022
0.010
NS
NS
NS
0.020
NS

TN (n = 298) TE (n = 654) P value

TE (n = 654)

88/321 (27)
48/88 (54)
22/88 (25)
4/88 (4)
4/88 (4)
3/88 (3)
3/88 (3)

175/631 (28)
85/175 (49)
61/175 (35)
2/175 (1)
2/175 (1)
8/175 (5)
11/175 (6)

NS
NS
NS
NS
NS
NS
NS

33/112 (30)
11/33 (33)
10/33 (30)
2/33 (6)
2/33 (6)
2/33 (6)
2/33 (6)

64/186 (34)
28/64 (44)
21/64 (33)
0/64 (0)
0/64 (0)
6/64 (9)
3/64 (5)

NS
NS
NS
NS
NS
NS
NS

55/209 (26)
37/55 (67)
12/55 (22)
2/55 (4)
2/55 (4)
1/55 (2)
1/55 (2)

111/445 (25)
54/111 (51)
40/111 (36)
2/111 (2)
2/111 (2)
2/111 (2)
8/111 (7)

[7,12,20]

thus confirming the negative relationship between response to treatment with PIs and the increasing severity of liver fibrosis
. In our cohort, the SVR of the non-F4
patients in the TN and PR groups was significantly related to the degree of hepatic fibrosis. In the R and NR patients, although the rate of SVR was lower in the F4
patients, the differences were not significant. The R patients presented the highest rate of SVR, both in the BOC group and in the TVR group, especially when these
patients were non-F4 (85%). On the other hand, the NR patients were the poorest responders to treatment, although the overall rate of SVR was 55% in the non-F4
and 45% in the F4 patients. In general, the non-F4 patients achieved a high rate of SVR; however, this was not the case among the F4 patients, which suggests that
triple therapy with BOC or TVR is less effective in these patients, especially if they are NR. The data concerning patients with advanced fibrosis are important, because
very few F3 and F4 patients were included in the clinical trials register.
[21]
With regard to effectiveness, bivariate and multivariate analysis identified the following factors as predictors of SVR, both by ITT and by mITT: relapsers , the
[24,25]
IL28B CC genotype
, the non-F4 stage and logGGT. The type of treatment with PIs was statistically significant in favour of TVR in the bivariate and multivariate
analysis by ITT but not in that by mITT. To examine on an equal basis the characteristics of patients treated with two different PIs, propensity score statistical analysis
[17,18]
was applied to the results obtained
. Following this process, the type of treatment, BOC or TVR, lost statistical significance as a predictor of SVR. Therefore, the
effectiveness obtained is similar with both of these first-generation PIs.
[7,20,26]
One of the major drawbacks in using first-generation PIs in combination with PEG-IFN/RBV is the increased presence of adverse effects
. More than a quarter
of the patients in this study stopped treatment, this proportion being higher in the TN than in the TE patients. The most important reason for interrupting the treatment
was the absence of virologic response in the TE patients. In the case of the TN patients, treatment interruption was due to the death of the patient in a significant
number of cases, but this was a consequence of several patients with well advanced hepatic cirrhosis having been included by one of the participating hospitals. The
other reasons, such as severe adverse effects, abandonment or other infection, were similar in both TN and TE patients and there were no differences between BOC
and TVR.
Our analysis of haematologic alterations revealed that treatment with TVR led to higher levels of neutropaenia than that with BOC. Furthermore, the TVR patients
required a larger number of blood transfusions and greater use of erythropoietin, even though levels of anaemia were similar in the two groups of patients. The sharper
fall in haemoglobin in the patients treated with TVR, taking into account that the onset of anaemia was weaker in this group, may have led to the increased need for
transfusions and for erythropoietin. Regarding thrombocytopaenia, there were no differences between BOC and TVR in clinical practice despite the longer duration
of treatment with BOC with respect to TVR. The analysis of adverse effects according to the stage of fibrosis showed that the F4 patients had a higher degree of
thrombocytopaenia and severe anaemia than the non-F4 patients.
These results reflect the experience of actual clinical practice in a population of patients with advanced fibrosis, and highlight the importance of such studies in
providing more realistic data about the treatment of HCV, on a broad scale. The effectiveness of first-generation PIs is generally high, except for NR patients. Future

NS
NS
NS
NS
NS
NS
NS

BOC (n = 321) TVR (n = 631) P value BOC (n = 112) TVR (n = 186) P value BOC (n = 209) TVR (n = 445) P value

TN (n = 298)

Bivariate analysis: χ 2 tests. NS: Not significant; BOC: Boceprevir; TVR: Telaprevir; Non-VR: Non-virologic response; AE: Adverse effect; TN: Treatment-naïve patients; TE: Treatment-experienced patients.

Stop treatment
Non-VR
Severe AE
Abandonment
Infection
Exitus
Other

All patients (n = 952)

Table 4 Stop treatment modified-intention-to-treatment group n (%)
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Table 5 Haematological adverse events n (%)

Neutropaenia
Grade 0-1-2:
> 750 μL
Grade 3-4:
≤ 750 μL
Thrombocytopaenia
Grade 0-1-2:
> 50.000 μL
Grade 3-4:
≤ 50.000 μL
Anaemia
Grade 0-1-2:
> 8 g/dL
Grade 3-4:
< 8 g/dL
Transfusion
EPO
Onset of anaemia
(≤ 9.5 g/dL)

P value

Non-F4

F4

P value

0

n = 369
289 (78)

n = 505
370 (73)

NS

117 (20)

80 (22)

135 (27)

n = 359

n = 576

n = 365

n = 501

753 (81)

293 (82)

460 (80)

NS

337 (92)

371 (74)

182 (20)
n = 1036
943 (91)

66 (18)
n = 397
367 (92)

116 (20)
n = 639
576 (90)

NS

28 (8)
n = 411
384 (93)

130 (26)
n = 539
481 (89)

93 (9)

30 (8)

63 (10)

27 (7)

58 (11)

n = 1036
150 (15)
n = 1033
218 (21)
12 ± 8

n = 397
39 (10)
n = 396
60 (15)
15 ± 11

n = 639
111 (17)
n = 637
158 (25)
9.5 ± 6.1

n = 411
49 (12)
n = 410
75 (18)
11.3 ± 7.2

n = 539
85 (16)
n = 539
117 (22)
11.5 ± 9

All patients

Boceprevir

Telaprevir

n = 943
707 (75)

n = 360
241 (67)

n = 583
466 (80)

236 (25)

119 (33)

n = 935

0.000

0.001
0
0

0.025

NS
NS
NS

n (%) and χ 2 tests summarise the categorical variables; mean ± SD and Student’s t-test. NS: Not significant.

treatments, especially those based on interferon-free
regimens, will radically change the use of these drugs,
which currently have a very significant rate of adverse
effects.
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Background

Triple therapy with first generation NS3/4A protease inhibitors (PIs), including
boceprevir (BOC) or telaprevir (TVR) accounted for the standard of care for
patients with chronic hepatitis C (CHC) genotype 1 infection. Few clinical
trials have been conducted in patients with advanced fibrosis. Moreover, the
analyses of clinical records provide useful, necessary information to objectively
evaluate the effectiveness and safety of new treatments in routine clinical
practice against hepatitis C virus (HCV) infection.

Research frontiers

The present results show, the experience of actual clinical practice in a
population of 1057 Spanish patients from 38 hospitals with advanced fibrosis,
and the highlight the importance of such studies in providing more realistic
data about the treatment of HCV, on a broad scale. The effectiveness of firstgeneration PIs was generally high, except for null responders (NR) patients.
Future treatments, especially those based on interferon (IFN)-free regimens,
will radically change the use of these drugs, which currently have a very
significant rate of adverse effects.

Innovations and breakthroughs

This study represents a significant contribution to knowledge of the
effectiveness and safety of the first generation NS3/4A PIs in patients with
advanced fibrosis in routine clinical practice and contributes to the new
treatment with inhibitors of second generation NS3/4A and IFN-free treatment.
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Applications

This report is the largest real-practice analysis in Spain; it represents a
nationwide registry with 1057 patients treated with HCV antiviral therapy with
triple therapy containing 1st generation PIs BOC and TVR. These results could
be useful to the medical community, especially in those countries were access
to new direct agents antiviral may be restricted or non-accessible.
11

Peer-review

This manuscript by Salmerón et al described the effectiveness and safety of PIbased triple therapy in real-world cohorts including large numbers of patients
with advanced liver disease (56% of patients with cirrhosis). The effectiveness
of first-generation PIs was generally high, except for NR patients, and according
to the degree of fibrosis, the non-F4 patients responded better than F4 patients.
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Abstract
AIM: To investigate the safety and efficacy of peroral
endoscopic myotomy (POEM) for achalasia in patients
aged ≥ 65 years.

Institutional review board statement: The study was approved
by the Ethics Committee of the Second Xiangya Hospital of
Central South University, Changsha, China.

METHODS: From November 2011 to August 2014,
15 consecutive patients (aged ≥ 65 years) diagnosed
with achalasia were prospectively recruited and all
underwent POEM at our institution. Eckardt score,
lower esophageal sphincter (LES) pressure, esophageal
diameter, SF-36 questionnaire, and procedure-related
complications were used to evaluate the outcomes.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: There was no potential conflict
of interest related to this study.
Data sharing statement: No additional data are available.

RESULTS: All 15 patients were treated successfully by
POEM, with a median operation time of 55 min. Median
myotomy length was 10 cm. Three patients underwent
circular myotomy and 12 full-thickness myotomies.
Symptoms remitted in all cases during post-POEM
follow-up of 6-39 mo. Eckardt score reduced
significantly (pre-operation vs post-operation: 8.0 vs
1.0, P < 0.05). Median LES pressure decreased from
27.4 to 9.6 mmHg (P < 0.05). Median diameter of the
esophagus was significantly decreased (pre-operation
vs post-operation: 51.0 mm vs 30.0 mm, P < 0.05).
Only one patient had reflux, which was resolved with
oral proton pump inhibitors. No serious complications
related to POEM were found. The quality of life of the
15 patients improved significantly after POEM.
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CONCLUSION: POEM is a safe and effective technique
for treatment of achalasia in patients aged ≥ 65 years,
with improvement in symptoms and quality of life.
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MATERIALS AND METHODS

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

Patients

This study was approved by the Ethics Committee of
the Second Xiangya Hospital of Central South University,
Changsha, China. The enrollment criteria were as follows:
(1) patients diagnosed with achalasia by established
methods of esophagogastroduodenoscopy (EGD),
esophageal manometry and barium esophagography
on the basis of symptoms; (2) patients aged ≥ 65
years; and (3) patients who consented to receive POEM.
Patients who could not tolerate anesthesia and those with
severe cardiopulmonary disease or blood coagulation
disorders were excluded. For patients diagnosed with
severe achalasia (Eckardt score ≥ 6, esophageal
diameter ≥ 6 cm, or sigmoid-type esophagus), fullthickness myotomy was recommended, while others
underwent circular myotomy.
From November 2011 to August 2014, 15 con
secutive patients were enrolled. There were six men
and nine women with a median age of 67 years (range,
65-84 years) (Table 1). Written informed consent was
obtained from all the patients before the procedure. All
of them were informed of possible adverse events and
other possible treatment options.

Core tip: Peroral endoscopic myotomy (POEM) is a
novel technique for treatment of achalasia, and has
shown exciting results in clinical studies. However,
little is known about its efficacy in elderly patients. In
the present study, 15 achalasia patients aged ≥ 65
years received POEM. Eckardt score, lower esophageal
sphincter pressure, esophageal diameter, SF-36
questionnaire, and procedure-related complications
were used to evaluate the outcomes. Our study showed
that POEM is a safe and effective therapy for achalasia
in elderly patients, with improvement in symptoms and
quality of life.
Li CJ, Tan YY, Wang XH, Liu DL. Peroral endoscopic myotomy
for achalasia in patients aged ≥ 65 years. World J Gastroenterol
2015; 21(30): 9175-9181 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i30/9175.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9175

INTRODUCTION

POEM procedure

Prophylactic intravenous antibiotics and proton pump
inhibitors (PPIs) were introduced before the procedure.
POEM was performed under general anesthesia via
tracheal intubation using a standard single-channel
endoscope (GIF-Q260Z; Olympus, Tokyo, Japan) with
a transparent cap (D-201-11802; Olympus) attached
to the front. CO2 was used as the air supply from the
endoscope. Other equipment and accessories included
a high-frequency generator (ICC 200; Erbe, Tübingen,
Germany), argon plasma coagulation unit (APC300;
Erbe), injection needle (NM-4L-1; Olympus), hybrid
knife (Erbe), dual knife (KD-650L; Olympus), and
hemostatic clips (HX-600-135; Olympus).
The POEM procedure was performed as follows:
(1) A submucosal injection (mixed solution of 100 mL
saline + 2 mL indigo carmine + 1 mg epinephrine)
was administered into the right posterior esophageal
wall at 8-10 cm above the esophagogastric junction
(EGJ); (2) To create the tunnel entry, a longitudinal
mucosal incision of > 2 cm was made using a dual
or hybrid knife, and submucosal dissection with the
range of ≥ 0.5 cm was performed along both sides
of the longitudinal incision; (3) A submucosal tunnel
was created, passing over the EGJ, and 3 cm into the
proximal stomach. The width of the submucosal tunnel
was ≥ 3 cm; (4) Myotomy was started from 2-3 cm
below the tunnel entry. Three patients underwent
circular myotomy alone and nine received fullthickness myotomy within the range of 6 cm from the
EGJ; and (5) After careful hemostasis, several metal
clips were applied to close the mucosal entry (Figure 1).

Achalasia is an esophageal motility disorder charac
terized by aperistalsis of the esophageal body and
[1]
impaired lower esophageal sphincter (LES) relaxation .
Although it occurs only rarely, with an estimated
annual incidence between 0.3 and 1.5 per 100000
population and a prevalence of 1/10000, the disease
is more common in older people, and the highest
[2,3]
incidence appears in the seventh decade of life .
Clinical symptoms of achalasia include dysphagia, chest
pain, and regurgitation. The disease course is usually
chronic, with progressive dysphagia and weight loss
over several months to years, which severely impairs
quality of life, even resulting in aspiration pneumonia.
Thus, proper treatment is of vital importance. Current
treatment modalities for achalasia in elderly patients
include medical treatment, endoscopy and surgery.
Laparoscopic Heller myotomy (LHM) is the most
definitive and successful treatment of choice. However,
its safety and efficacy in elderly patients remain
controversial, and some gastroenterologists recommend
[4,5]
balloon dilatation as the primary therapy , whereas
[6]
others prefer botulinum toxin injection .
Peroral endoscopic myotomy (POEM) is a novel
technique for treatment of achalasia, and has shown
[7-9]
exciting results in clinical studies
. However, the
relative risk of POEM in patients aged ≥ 65 years has
yet to be determined. It is also unclear whether POEM
in these patients is as effective as it is in younger
patients. Our aim was to evaluate the safety and
efficacy of POEM in patients aged ≥ 65 years and
report our preliminary experience in this pilot study.
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Statistical analysis

Table 1 Demographics, clinical and operative data in elderly
patients treated with peroral endoscopic myotomy

Statistical analysis was performed using SPSS version
21.0 software (Chicago, IL, United States). As for the
small sample, all the data were expressed as median
and range, and analyzed by Wilcoxon rank sum test. P
< 0.05 was considered statistically significant.

Patient characteristics
Sex, female/male, n
Age, median (range), yr
Duration of symptoms, yr
Primary procedure, n
Heller surgical myotomy
Pneumatic dilatation
Self-expanding metallic stent
Interval between primary procedure and POEM,
median (range), yr
Procedure-related parameters
Operating time, median (range), min
Mode of myotomy
Circular myotomy
Full-thickness
Submucosal tunnel length, cm
Myotomy length, median (range), cm
Total
Esophageal
Gastric
Eckardt score
Pre-operation
Post-operation
LES pressure, mmHg
Pre-operation
Post-operation
Diameter of esophagus, mm
Pre-operation
Post-operation
Complications, n
Reflux esophagitis
Follow-up, median (range), mo

9/6
67 (65-84)
17 (4-40)

RESULTS

1
4
1
8.0 (2-20)

Clinical and operative data

Of the 15 patients, three had hypertension and the
other 12 had no comorbidity. Five (33%) patients
had received endoscopic therapy and one (7%)
Heller myotomy, and the other nine patients had not
received prior treatment for achalasia. Demographics,
clinical and operative data are summarized in Table 1.
The duration of symptoms ranged from 4 to 40 years
with a median of 17 years. POEM was successfully
completed in all 15 patients, with a median operation
time of 55 min. The median length of the submucosal
tunnel was 13.0 cm, and median myotomy length was
10.0 cm.

55 (40-110)
3
12
13 (13-15)
10 (9-13)
7 (6-11)
3 (2-3)
8 (5-10)
1 (0-3)

Comparison of clinical symptoms, LES pressure,
esophageal diameters and SF-36 domain scores before
and after POEM

27.4 (22.8-33.5)
9.6 (7.2-13.1)
51 (43-57)
30 (24-35)

Follow-up duration ranged from 6 to 39 mo with a
median of 18 mo. The results were excellent in terms
of symptomatic improvement in all the patients.
Treatment success, as defined by a post-POEM Eckardt
score ≤ 3, was achieved in all cases. Median posttreatment Eckardt score was 1, which was obviously
decreased compared with 8 before treatment (P <
0.05). Median LES pressure decreased from 27.4 to 9.6
mmHg (P < 0.05). Median esophageal diameter was
dramatically decreased from 51.0 to 30.0 mm (P <
0.05). SF-36 data were obtained at 1 and 6 mo after
the operation. These results are described in Table
2 with medians and interquartile ranges and further
depicted in Figure 2. Role Limitations due to Emotional
Problems and Emotional Well-being domains did not
demonstrate any significant differences in scores at
any time point. However, Physical Functioning, Role
Limitations due to Physical Problems, Energy/Fatigue,
Social Functioning, Pain and General Health scores
were all significantly higher at 1 and 6 mo (P < 0.05).

1
18 (6-39)

POEM: Peroral endoscopic myotomy.

Postoperative management

Patients were kept nil by mouth for 24 h, a liquid diet
for 3 d, and resumed gradually a normal diet within 2
wk. Intravenous PPI and antibiotics were used for 3 d.
On postoperative day 2, thoracoabdominal X-ray was
performed to check for the occurrence of emphysema,
pneumothorax, pneumoperitoneum and pleural effusion.

Outcome and follow-up

Primary outcome was treatment success defined as a
reduction in the Eckardt score to ≤ 3 during follow-up.
Secondary outcomes included quality of life, esophageal
diameter, LES pressure, and procedure-related
parameters such as operation time, myotomy length,
and rate of complications. Patients were scheduled
for a follow-up visit at 1, 3, 6 and 12 mo after POEM,
followed by EGD annually to observe the status
of esophageal closure and check for any objective
sign of reflux esophagitis. Esophageal manometry
was also performed to determine LES pressure and
barium esophagography was performed to measure
esophageal diameter. Patients were contacted via
telephone to obtain a current Eckardt score. SF-36
questionnaires were collected preoperatively, and at 1
and 6 mo after POEM.

WJG|www.wjgnet.com

Complications

Complications occurred in only one case. The patient
experienced reflux symptom 2 mo after POEM, and
EGD revealed esophagitis, which was relieved after
oral PPI therapy. No complications occurred in the rest
of the patients during the operation and follow-up.

DISCUSSION
All treatments for achalasia aim to reduce LES pressure
with three goals of relieving symptoms, improving
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A

B

C

D

E

F

G

H

Figure 1 Case illustration of endoscopic full-thickness myotomy. A: A twisting esophagus was shown before POEM; B: Submucosal injection was made to
provide a cushion; C: A longitudinal mucosal incision was made as the tunnel entry; D: Submucosal tunnel creation; E: Submucosal injection to the esophageal cavity
to preset the tunnel route; F-G: Endoscopic full-thickness myotomy, peri-esophageal membrane could be seen; H: The mucosal entry was closed with several clips.
POEM: Peroral endoscopic myotomy.

esophageal emptying, and preventing development of
[10]
mega-esophagus . Current treatments for achalasia
include pharmacological and endoscopic therapy
(injection of botulinum toxin, pneumatic balloon
[10]
dilation, and POEM) and surgical myotomy . Medical
treatment with nitrates or calcium antagonists has
been largely abandoned due to its poor efficacy and
significant side effects. LHM is the most definitive
and successful treatment for elderly patients with
[11]
no contraindications for the surgical procedure .
Nevertheless, it is still an invasive procedure, and
it often leads to complications such as perforation,
esophageal reflux, and stricture. Therefore, endoscopic
treatment is recommended as the first-line option
due to poly-morbidity (hypertension, cardiac diseases
and diabetes) in elderly patients. Endoscopic dilation

WJG|www.wjgnet.com

and botulinum toxin injection are safe and effective
in aged patients, but the effect tends to attenuate
over time, and repeated treatment is thus needed.
POEM is a novel endoscopic treatment for achalasia
[7-9,12]
and has shown exciting results
. Compared with
Heller myotomy, POEM bears the advantages of
shorter duration of operation and hospitalization, lower
[13]
complication rate, and a similar short-term efficacy .
However, the safety and efficacy of POEM in elderly
patients has yet to be well documented. Six centers
have reported POEM for only a total of 14 achalasia
[14]
patients aged 84-97 years . In our pilot study, a total
of 15 achalasia patients aged 65-84 years underwent
POEM at our hospital. Symptoms remitted in all cases,
and no serious complications or recurrence were noted
during follow-up of 6-39 mo. SF-36 questionnaires
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Table 2 SF-36 domain scores before operation and at 1 and 6 mo after operation

Physical functioning
Role limitations due to physical problems
Role limitations due to emotional problems
Energy/fatigue
Emotional well-being
Social functioning
Pain
General health

Preoperative

1 mo after operation

P value

6 mo after operation

P value

85 (75-90)
100 (50-100)
100 (67-100)
80 (50-80)
80 (72-88)
100 (67-100)
68 (52-100)
52 (35-77)

90 (85-90)
100 (81-100)
100 (100-100)
85 (80-85)
84 (80-88)
100 (78-100)
84 (72-100)
77 (57-77)

0.005
0.007
0.110
0.002
0.084
0.013
0.009
0.000

90 (85-95)
100 (100-100)
100 (100-100)
85 (80-85)
84 (80-84)
100 (100-100)
92 (84-100)
87 (72-97)

0.001
0.009
0.055
0.002
0.079
0.010
0.005
0.000

All scores expressed as median with interquartile range.

Time

100.00

Preoperative
1 mo after POEM
6 mo after POEM

Median score

80.00

60.00

40.00

20.00

0.00

PF

RP

RE

EF

EW

SF

Pain

GH

Figure 2 Quality of life outcomes (SF-36 domain).

demonstrated a significant improvement in quality of
life. This indicates that POEM is an effective and safe
technique for achalasia in elderly patients.
However, we should pay attention to the following
points during POEM for achalasia in elderly patients.
First, elderly patients usually complain of long-term
symptoms and some may have a dilated or distorted
esophagus, even with sigmoid-type esophagus. In
these cases, creating a straight submucosal tunnel
is technically difficult because of the “tunnel maze”.
Second, some elderly patients have undergone
endoscopic or surgical treatments prior to POEM.
Although a few studies have shown that POEM is safe
and effective for achalasia patients in the setting of prior
[15,16]
interventions
, POEM may be technically difficult
due to the presence of fibrosis of varying degrees
and altered intramural planes resulting from prior
procedures. In our experience, submucosal injection into
the esophageal cavity with a mixed solution containing
indigo can be used to preset tunnel routes to ensure a
straight tunnel into the proximal stomach. Moreover, we
can avoid the most fibrotic site by the same method.
When encountering fibrotic submucosa near the LES
during initial tunnel dissection, caution should be used to
avoid thermal injury to the mucosa. In case of difficulty
in making a safe submucosal passage when traversing
the LES, we can start myotomy prematurely in order to

WJG|www.wjgnet.com

gain access to the distal esophagus and proximal gastric
wall. In the present study, one patient had sigmoid-type
esophagus and six had undergone prior treatments,
and all of them underwent POEM uneventfully. Six of
them gained sustained symptomatic improvement. One
patient experienced reflux symptoms 2 mo after POEM,
and EGD revealed esophagitis, which was relieved after
oral PPI therapy.
During POEM, a selective circular myotomy pre
serving the longitudinal outer esophageal muscular
layer is designed to avoid entering the pleural space
[17]
and reduce morbidity . However, completeness of
myotomy is the prerequisite of sufficient and longterm reduction of LES pressure, and is the basis
for the excellent results of conventional surgical
[1,18]
myotomy
. Two clinical studies have demonstrated
that full-thickness myotomy may be superior for rapid
esophagogastric emptying and reducing operation
time, without increasing procedure-related adverse
[12,19]
events and clinical reflux complications
. Given the
fact that full-thickness myotomy theoretically results
in long-term symptom remission, we performed
full-thickness myotomy in 12 patients. Although 15
patients may not be sufficient for a comparative
study of circular and full-thickness myotomy, only one
patient had reflux esophagitis in the full-thickness
myotomy group, which was relieved after oral PPI
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therapy. However, because the follow-up period was
short, whether full-thickness myotomy has better
long-term efficacy than circular myotomy needs further
study.
In conclusion, POEM is safe and effective in elderly
patients with achalasia. It is a less-invasive endoscopic
procedure for achalasia, and shows good results
without causing serious complications. Although the
sample size was small and duration of follow-up was
short, this new method showed satisfactory initial
results. A large randomized controlled study is needed
to evaluate the long-term efficacy of POEM compared
with other treatments for achalasia in elderly patients.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Medical Ethics Committee of Showa
University Hospital.

AIM: To compare the clinical outcomes between
0.025-inch and 0.035-inch guide wires (GWs) when
used in wire-guided cannulation (WGC).

Clinical trial registration statement: This study is registered
at UMIN Clinical Trial Registry. The registration identification
number is UMIN000010082.

METHODS: A single center, randomized study was
conducted between April 2011 and March 2013. This
study was approved by the Medical Ethics Committee
at our hospital. Informed, written consent was
obtained from each patient prior to study enrollment.
Three hundred and twenty-two patients with a naïve
papilla of Vater who underwent endoscopic retrograde
cholangiopancreatography (ERCP) for the purpose of
selective bile duct cannulation with WGC were enrolled
in this study. Fifty-three patients were excluded based
on the exclusion criteria, and 269 patients were
randomly allocated to two groups by a computer and
analyzed: the 0.025-inch GW group (n = 109) and the
0.035-inch GW group (n = 160). The primary endpoint
was the success rate of selective bile duct cannulation
with WGC. Secondary endpoints were the success
rates of the pancreatic GW technique and precutting,
selective bile duct cannulation time, ERCP procedure
time, the rate of pancreatic duct stent placement, the
final success rate of selective bile duct cannulation, and
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the incidence of post-ERCP pancreatitis (PEP).

(ERCP) is important for diagnosing and performing
procedures related to the biliary tract and pancreatic
disease. Selective bile duct cannulation is a basic biliary
tract procedure in ERCP. Cannulation using contrast
medium has been performed as a conventional
cannulation technique; however, it has been suggested
that pancreatic contrast injection might be associated
[1]
with the mechanism of post-ERCP pancreatitis (PEP) .
According to several reports, the incidence of PEP
[2-5]
following this procedure is 1%-15% . In a metaanalysis of randomized, controlled trials (RCTs), it was
suggested that selective bile duct cannulation using
wire-guided cannulation (WGC) might improve the
primary bile duct cannulation rate and reduce the risk
[6]
of PEP .
A sphincterotome or catheter and a guide wire
(GW) are necessary for the WGC procedure. Various
GWs are used, such as a straight or an angled type
of tip with different outer diameters. One report
suggested that there were no significant differences in
the success rate of primary cannulation or in the risk
of adverse events between 0.025-inch and 0.035-inch
[7]
GWs ; however, no consensus exists regarding the
type of GW that is most appropriate for the WGC
procedure.
The aim of this study was to investigate whether
clinical differences exist in the success rate of selective
bile duct cannulation and the incidence of PEP during
WGC using 0.025-inch or 0.035-inch GWs.

RESULTS: The primary success rates of selective bile
duct cannulation with WGC were 80.7% (88/109) and
86.3% (138/160) for the 0.025-inch and the 0.035-inch
groups, respectively (P = 0.226). There were no
statistically significant differences in the success rates of
selective bile duct cannulation using the pancreatic duct
GW technique (46.7% vs 52.4% for the 0.025-inch and
0.035-inch groups, respectively; P = 0.884) or in the
success rates of selective bile duct cannulation using
precutting (66.7% vs 63.6% for the 0.025-inch and
0.035-inch groups, respectively; P = 0.893). The final
success rates for selective bile duct cannulation using
these procedures were 92.7% (101/109) and 97.5%
(156/160) for the 0.025-inch and 0.035-inch groups,
respectively (P = 0.113). There were no significant
differences in selective bile duct cannulation time
(median ± interquartile range: 3.7 ± 13.9 min vs 4.0
± 11.2 min for the 0.025-inch and 0.035-inch groups,
respectively; P = 0.851), ERCP procedure time (median
± interquartile range: 32 ± 29 min vs 30 ± 25 min for
the 0.025-inch and 0.035-inch groups, respectively; P =
0.184) or in the rate of pancreatic duct stent placement
(14.7% vs 15.6% for the 0.025-inch and 0.035-inch
groups, respectively; P = 0.832). The incidence of PEP
was 2.8% (3/109) and 2.5% (4/160) for the 0.025-inch
and 0.035-inch groups, respectively (P = 0.793).
CONCLUSION: The thickness of the GW for WGC does
not appear to affect either the success rate of selective
bile duct cannulation or the incidence of PEP.

MATERIALS AND METHODS

Key words: Endoscopic retrograde cholangiopan
creatography; Guide wire; Post-endoscopic retrograde
cholangiopancreatography pancreatitis; Selective bile
duct cannulation; Wire-guided cannulation

This study was conducted as an exploratory rando
mized study at Showa University Hospital. The
study protocol was approved by the Medical Ethics
Committee at our hospital and was registered at UMIN
Clinical Trial Registry (UMIN000010082). Informed,
written consent was obtained from each patient.
Endoscopists performed ERCP either as an operator or
as an assistant.

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

Core tip: The thickness of the guide wire for wireguided cannulation does not appear to affect either
the success rate of selective bile duct cannulation
or the incidence of post-endoscopic retrograde
cholangiopancreatography pancreatitis.

Patients

The success rate of selective bile duct cannulation
with WGC using a sphincterotome is reportedly
[8-13]
69.1%-98.5%
. The sample size was calculated
based on the assumption of a 90% success rate
of selective bile duct cannulation using WGC. Noninferiority was demonstrated within a margin of 10%
at a one-sided significance level of 0.025 and a power
of 80%, with a sample size of 142 patients in each
group.
Between April 2011 and March 2013, 322 patients
with a naïve papilla of Vater who underwent ERCP for
the purpose of selective bile duct cannulation with
WGC were enrolled in this study. Exclusion criteria
were as follows: age under 15 years, postoperative
intestinal reconstruction (Billroth Ⅱ or Roux-en-Y),
acute biliary pancreatitis, or inability to obtain informed

Kitamura K, Yamamiya A, Ishii Y, Sato Y, Iwata T, Nomoto T,
Ikegami A, Yoshida H. 0.025-inch vs 0.035-inch guide wires
for wire-guided cannulation during endoscopic retrograde
cholangiopancreatography: A randomized study. World J
Gastroenterol 2015; 21(30): 9182-9188 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i30/9182.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i30.9182
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Naïve papillae used for the purpose of
selective bile duct cannulation
n = 322

Exclusion:
Acute biliary pancreatitis n = 34
Postoperative intestinal reconstruction n = 4
Others n = 15
Randomization
n = 269

Allocated 0.025-inch group
n = 109

Analyzed 0.025-inch group
n = 109

Allocated 0.035-inch group
n = 160

Analyzed 0.035-inch group
n = 160

Figure 1 Flow diagram representing the study.

consent. Fifty-three patients were excluded based on
the exclusion criteria; the remaining 269 patients were
randomly allocated to two groups using a computer
and analyzed: the 0.025-inch GW group (n = 109) and
the 0.035-inch GW group (n = 160) (Figure 1).

on the pancreatic ductal side and had 2 flanges on
the duodenal side (GPDS-5-3, COOK Endoscopy Inc.,
Winston-Salem, NC, United States), was retained
after performing the pancreatic GW technique and
precutting. Stent dislodgments were confirmed using
abdominal X-rays, which were recorded the day after
ERCP.

Devices

ERCP was performed using a duodenoscope (JF-260V;
Olympus Medical Systems Corp, Tokyo, Japan). A
0.025-inch, 450-cm-long GW with an outer diameter
of 0.65 mm or a 0.035-inch, 450-cm-long GW with
an outer diameter of 0.91 mm with a straight tip
(Jagwire; Boston Scientific, Natick, MA, United States)
was used. Jagwire contains a nitinol core covered with
polytetrafluoroethylene, and the tip is coated with a
hydrophilic polymer. A sphincterotome with a tip length
of 7 mm and a cutting wire length of 20 mm (Autotome
RX39 or RX44; Boston Scientific) was used.

Outcome measurements

The primary endpoint was the success rate of selective
bile duct cannulation using WGC. The secondary
endpoints were the success rates of the pancreatic
GW technique and precutting, selective bile duct
cannulation time, ERCP procedure time, the rate of
pancreatic duct stent placement, the final success rate
of selective bile duct cannulation, and the incidence of
PEP.
PEP was defined as abdominal pain and serum
amylase level more than three times the upper
[14]
limit of normal within 24 h after the procedure .
The severity of PEP was graded according to widely
accepted criteria: mild, requiring hospitalization for
2-3 d; moderate, requiring hospitalization for 4-10
d; and severe, requiring hospitalization for more
than 10 d, requiring intervention (percutaneous
drainage or surgery), the development of necrosis, or
[14]
the development of a pseudocyst . Other adverse
events, such as bleeding, perforation, and cholangitis,
[14]
were defined according to the same criteria .

Selective bile duct cannulation by WGC

Physician-controlled WGC using a sphincterotome and
a GW was performed for bile duct cannulation. When
we could not perform bile duct cannulation within
approximately ten minutes after seeing the papilla of
Vater, bile duct cannulation using the pancreatic duct
GW technique (double-wire technique) was attempted.
If bile duct cannulation using the pancreatic duct GW
technique was not successful within approximately
five minutes, pancreatic sphincter precutting was
performed. If cannulation with the GW to the pancreatic
duct was difficult, precutting from the papilla of Vater
without use of the pancreatic duct GW technique was
performed. To prevent pancreatitis, all patients received
intravenous infusions of protease inhibitor (gabexate
mesilate, 600 mg) for approximately 12 h, beginning
immediately after the ERCP procedures. A 5-Fr straight,
3-cm-long pancreatic duct stent, which was unflanged

WJG|www.wjgnet.com

Statistical analysis

Continuous variables are expressed as medians with
interquartile ranges (IQRs). Statistical analyses were
performed using StatMate Ⅲ (ATMS Co. Ltd., Tokyo,
Japan). Data were analyzed using the Mann-Whitney
2
U-test and the χ test, and differences of P < 0.05
were considered significant.
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in the 0.035-inch group. There was no statistically
significant difference in pancreatic duct stent
placement between the groups (P = 0.832).

Table 1 Baseline characteristics of the patients n (%)
0.025-inch group 0.035-inch group P value
(n = 109)
(n = 160)
Age, median ± IQR,
year (range)
Sex male/female
Benign disease
Choledocholithiasis
Gallbladder stones
Benign biliary stricture
Cholangitis
Others
Malignant disease
Pancreatic cancer
Cholangiocarcinoma
Gallbladder cancer
Ampullary cancer
Cholangiocellular
carcinoma
Others

73 ± 12 (31-90)

72 ± 16 (20-97)

Selective bile duct cannulation time and ERCP
procedure time

0.8691
2

68/41
69 (63.3)
54 (49.5)
8 (7.3)
5 (4.6)
1 (0.9)
1 (0.9)
40 (36.7)
13 (11.9)
12 (11.0)
5 (4.6)
3 (2.8)
1 (0.9)

83/77
114 (71.3)
78 (48.8)
15 (9.4)
7 (4.4)
7 (4.4)
7 (4.4)
46 (28.8)
26 (16.3)
6 (3.8)
3 (1.9)
3 (1.9)
1 (0.6)

0.088
0.1702
0.8992
0.5582
0.8272
0.2032
0.2032
0.1702
0.3232
0.0192
0.3582
0.9542
0.6542

6 (5.5)

7 (4.4)

0.8932

Median selective bile duct cannulation time was 3.7
min (IQR: 13.9) in the 0.025-inch group and 4.0 min
(IQR: 11.2) in the 0.035-inch group. The median ERCP
procedure times were 32 min (IQR: 29) and 30 min
(IQR: 25) for the 0.025-inch and 0.035-inch groups,
respectively. There were no statistically significant
differences in selective bile duct cannulation time (P =
0.851) and ERCP procedure time (P = 0.184) between
the groups.

Adverse events

PEP occurred in 2.8% of the 0.025-inch group and
in 2.5% of the 0.035-inch group. There was no
statistically significant difference in the incidence of
PEP between the groups (P = 0.793). With respect
to the severity of PEP, in the 0.025-inch group, 2
patients had moderate pancreatitis and 1 patient
had severe pancreatitis, whereas in the 0.035-inch
group, 1 patient had mild pancreatitis, 2 patients
had moderate pancreatitis, and 1 patient had severe
pancreatitis. Adverse events of bleeding, perforation,
and cholangitis were not significantly different between
the groups (Table 3).

1

Mann-Whitney U-test; 2χ 2 test. IQR: Interquartile range.

RESULTS
Patient characteristics

Patient characteristics are shown in Table 1. There
were no statistically significant differences in age and
sex between the groups. There was significantly more
cholangiocarcinoma in the 0.025-inch group than in
the 0.035-inch group (P = 0.019), but other diseases
were not significantly different between the groups.
There were no significant differences in the biliary and
pancreatic procedures between the groups.

DISCUSSION
Several reports noted that PEP occurred in 1%-15% of
[2-5]
cases . Risk factors for PEP in multivariate analyses
were patient and procedure-related factors, such
as young age, female sex, suspected sphincter of
Oddi dysfunction, prior PEP, recurrent pancreatitis,
chronic pancreatitis absent, pancreatic duct injection,
pancreatic sphincterotomy, balloon dilation of intact
biliary sphincter, difficult or failed cannulation, and pre[1]
cut sphincterotomy .
[8]
Lella et al reported that WGC using a sphinctero
tome reduced the incidence of PEP compared with the
standard method with contrast injection. In a metaanalysis of RCTs without a cross-over design, it was
reported that WGC increased the primary bile duct
cannulation rate (OR = 2.05, 95%CI: 1.27-3.31) and
decreased the incidence of PEP (OR = 0.23, 95%CI:
0.13-0.41) compared with the standard contrast
[6]
injection method . However, a meta-analysis of RCTs
[15]
with a cross-over design by Shao et al
showed a
non-significant reduction in the rate of PEP with the
use of WGC. Based on these reports, the use of WGC
for the prevention of PEP remains controversial.
The WGC technique includes physician-controlled
(single-operator) or assistant-controlled cannulation.
One report showed that the single-operator WGC
technique was feasible, safe, and efficient without

Selective bile duct cannulation

The primary success rates of bile duct cannulation
using WGC were 80.7% and 86.3% for the 0.025-inch
and in 0.035-inch groups, respectively (P = 0.226).
Rates of use of the pancreatic duct GW technique were
13.8% and 13.1% for the 0.025-inch and 0.035-inch
groups, respectively (P = 0.880), and the success
rates of selective bile duct cannulation using the
pancreatic duct GW technique were 46.7% and 52.4%
for the 0.025-inch and 0.035-inch groups, respectively
(P = 0.884). Precutting rates were 8.3% and 6.9% for
the 0.025-inch and 0.035-inch groups, respectively
(P = 0.672), and selective success rates of bile duct
cannulation with precutting were 66.7% and 63.6%
for the 0.025-inch and 0.035-inch groups, respectively
(P = 0.893). The final success rates of selective bile
duct cannulation using these procedures were 92.7%
and 97.5% for the 0.025-inch and 0.035-inch groups,
respectively (P = 0.113). There were no statistically
significant differences regarding these procedures
between the groups (Table 2).

Pancreatic duct stent placement

The pancreatic duct stent placement rate was 14.7%
(16/109) in the 0.025-inch group and 15.6% (25/160)

WJG|www.wjgnet.com

9185

August 14, 2015|Volume 21|Issue 30|

Kitamura K et al . Guide wires for wire-guided cannulation
Table 2 Results of selective bile duct cannulation n (%)
0.025-inch group (n = 109) 0.035-inch group (n = 160)
Success rate of selective bile duct cannulation with WGC
Pancreatic duct GW
Success rate of selective bile duct cannulation with pancreatic duct GW
Precutting
Success rate of selective bile duct cannulation with precutting
Final success rate of selective bile duct cannulation

88 (80.7)
15 (13.8)
7 (46.7)
9 (8.3)
6 (66.7)
101 (92.7)

138 (86.3)
21 (13.1)
11 (52.4)
11 (6.9)
7 (63.6)
156 (97.5)

P value
0.2261
0.8801
0.8841
0.6721
0.8931
0.1131

1 2

χ test. WGC: Wire-guided cannulation; GW: Guide wire.

wire technique) for a difficult bile duct cannulation
using WGC; then, cannulation with precutting was
performed for difficult bile duct cannulation using the
pancreatic duct GW technique. The pancreatic duct
GW procedure was performed in 36 patients (13.3%)
for primary difficult bile duct cannulation using WGC;
however, it was difficult to perform selective bile duct
cannulation using the pancreatic duct GW technique
in approximately half of the cases. No statistically
significant differences were observed in the success
rates of bile duct cannulation using the pancreatic
duct GW technique between the groups (46.7% vs
52.4% for the 0.025-inch and 0.035-inch groups,
respectively). Precutting was performed for difficult
bile duct cannulation in 20 patients (12.5%). No
statistically significant differences were observed in the
success rates of bile duct cannulation with precutting
between the groups (66.7% vs 63.6% for the
0.025-inch and 0.035-inch groups, respectively). The
final success rates of selective bile duct cannulation
using these techniques showed no statistically
significant difference between the two groups (92.7%
vs 97.5% for the 0.025-inch and 0.035-inch groups,
respectively). Based on these results, it is suggested
that successful bile duct cannulation appears equi
valent for either GW during WGC.
The mechanism of PEP is suggested to involve a
defect in pancreatic duct drainage that is caused by
papillary edema, pancreatic duct injury, or spasm of
[1,14]
the sphincter of Oddi after the ERCP procedure
.
Several studies have reported the usefulness of
endoscopic pancreatic duct drainage using a pancreatic
duct stent for preventing PEP in patients at high
[26-30]
risk
. In the present study, a pancreatic duct stent
was used to treat 41 patients (15.2%) after using the
pancreatic GW technique and precutting, which have
been suggested as risk factors for PEP. There were
no statistically significant differences in the rates of
placement of pancreatic duct stents and the incidence
of PEP between the two groups.
In this study, there were no statistically significant
differences in the bile duct cannulation time and the
ERCP procedure time between the groups. Halttunen
[7]
et al also reported that there were no significant
differences in the bile duct cannulation time and the
ERCP procedure time between the 0.025-inch and
0.035-inch GWs for WGC.

Table 3 Adverse events following endoscopic retrograde
cholangiopancreatography procedures n (%)
0.025-inch group 0.035-inch group P value
(n = 109)
(n = 160)
Pancreatitis
Mild/moderate/
severe, n
Bleeding
Perforation
Cholangitis

3 (2.8)
0/2/1

4 (2.5)
1/2/1

0.7931

2 (1.8)
0%
0%

1 (0.6)
0%
2 (1.3)

0.7371
0.6541

1 2

χ test.

requiring an experienced assistant and precise
[16]
coordination between the operator and assistant .
A sphincterotome or a catheter is used as the
[13]
device for WGC. Kawakami et al
reported that
WGC appears to significantly shorten cannulation and
fluoroscopy times compared with the contrast injection
method; however, there was no significant difference
in either the success rate of bile duct cannulation or
the PEP rate, regardless of the type of sphincterotome
and catheter, based on a multicenter, prospective,
randomized study.
A GW with a straight or angled tip is used for WGC.
Several articles on WGC using GW with a straight or
[11-13,17]
angled tip have been reported
.
Normal and thin types of GW are used. It is not
yet known which GW is more suitable for WGC. A
prospective, randomized study reported that GW
thickness did not appear to affect either the success
rate of primary cannulation or the risk of adverse
[7]
events . In the present study of WGC using a
0.025-inch or a 0.035-inch GW of the straight type
with a sphincterotome, the primary success rates of
selective bile duct cannulation using WGC were 80.7%
in the 0.025-inch group and 86.3% in the 0.035-inch
group. No statistically significant difference was seen
in the primary success rate of selective bile duct
cannulation between the groups.
A case of difficult biliary cannulation was treated
using the pancreatic duct GW technique, the doublewire technique, pancreatic duct stenting, needle knife
precutting, and transpancreatic sphincterotomy as the
[18-25]
next step
.
In the present study, cannulation was performed
using the pancreatic duct GW technique (double-
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slightly, although not statistically, favouring the regular wire.

A difference in the incidence of PEP caused by the
mechanical stimulation of the papilla of Vater and
pancreatic duct cannulation due to the use of 0.025-inch
or 0.035-inch GW with WGC was expected; however,
no statistically significant difference was observed
in the incidence of PEP between the groups (2.8%
vs 2.5% for the 0.025-inch and 0.035-inch groups,
respectively). Other adverse events of bleeding,
perforation, and cholangitis were not significantly
different between the groups. A previous study also
reported that the thickness of the hydrophilic GW used
in that study did not appear to affect the risk of adverse
[7]
events .
A limitation of this study was the use of a small
number of patients in a single center, with a consequent
lack of power. Furthermore, a protease inhibitor was
used to prevent PEP during the ERCP procedure in all
cases.
In conclusion, the thickness of the GW during WGC
does not appear to affect either the success rate of
selective bile duct cannulation or the incidence of PEP.
However, multi-center RCTs are needed to confirm
these findings.
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of selective bile duct cannulation and the incidence of PEP with WGC using
0.025-inch or 0.035-inch GWs.

10

Applications

11

The results of this study suggest that the thickness of the GW for WGC does
not appear to affect either the success rate of selective bile duct cannulation or
the incidence of PEP. However, multi-center, randomized, controlled trials are
needed to confirm these findings.

12

Terminology

Wire-guided cannulation is a method of selective bile duct cannulation using the
guide wire without contrast medium.
13

Peer-review

This is a most interesting study on the use of guidewires in ERCP. Randomized
studies in endoscopy are scarce and the subject of this study is particularly of
interest for the reader of the journal. Fairly well written paper on cannulation
using regular and thin guide wire in random fashion. The result is expected
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AIM: To investigate the efficacy and adverse effects of
antioxidant therapy in acute pancreatitis (AP), chronic
pancreatitis (CP) and post-endoscopic retrograde
cholangiopancreatography pancreatitis (PEP).
METHODS: PubMed, Scopus, Google Scholar, Co
chrane library database, and Evidence-based medicine/
clinical trials published before August 2014 were
searched. Clinical and laboratory outcomes of ran
domized trials of antioxidant therapy in patients with
AP, CP and PEP were included. The methodological
quality of the trials was assessed by the Jadad score
based on the description of randomization, blinding,
and dropouts (withdrawals). The results of the studies
were pooled and meta-analyzed to provide estimates
of the efficacy of antioxidant therapy.
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RESULTS: Thirty four trials out of 1069 potentially
relevant studies with data for 4898 patients were
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eligible for inclusion. Antioxidant therapy significantly
reduced the length of hospital stay in AP patients {mean
difference -2.59 d (95%CI: -4.25-(-0.93)], P = 0.002}.
Although, antioxidant therapy had no significant effect
on serum C reactive protein (CRP) after 5-7 d in AP
patients [mean difference -9.57 (95%CI: -40.61-21.48,
P = 0.55], it significantly reduced serum CRP after 10
d {mean difference -45.16 [95%CI: -89.99-(-0.33)],
P = 0.048}. In addition, antioxidant therapy had no
significant effect on CP-induced pain [mean difference
-2.13 (95%CI: -5.87-1.6), P = 0.26]. Antioxidant
therapy had no significant effects on the incidence
of all types of PEP [mean difference 1.05 (95%CI:
0.74-1.5), P = 0.78], severe PEP [mean difference
0.92 (95%CI: 0.43-1.97), P = 0.83], moderate PEP
[mean difference 0.82 (95%CI: 0.54-1.23), P =
0.33], and mild PEP [mean difference 1.33 (95%CI:
0.99-1.78), P = 0.06]. Furthermore, while antioxidant
therapy had no significant effect on serum amylase
after less than 8 h sampling [mean difference -20.61
(95%CI: -143.61-102.39), P = 0.74], it significantly
reduced serum amylase close to 24-h sampling {mean
difference -16.13 [95%CI: -22.98-(-9.28)], P <
0.0001}.

INTRODUCTION
Pancreatitis is an inflammatory metabolic disorder,
which is a major cause of physical and socioeconomic
[1-3]
loss worldwide . Generally, pancreatitis is categorized
[4]
into two different entities of acute and chronic .
Acute pancreatitis (AP) is sudden painful infla
mmation of the pancreas, basically caused by tissue
destruction as a consequence of innate immune[5]
induced epithelial stress pathways . The most
common cause of gut-related hospitalization in the
[6]
United States is AP . Several complicated factors
are associated with the development of AP, however,
alcohol abuse and ductal obstruction caused by
[5]
gallstones or bacterial infection are the main factors .
Furthermore, pancreatitis remains the most
common adverse event of endoscopic retrograde
cholangiopancreatography (ERCP). The incidence of
post-ERCP pancreatitis (PEP) varies widely, ranging
from 1% to 40% in the normal population, to as high
[7]
as 67% in high-risk patients . While investigations
toward preventing or limiting the complications of
PEP with pharmacological agents have drawn much
attention, these have so far had limited success.
Chronic pancreatitis (CP) is a progressive fibroinflammatory disorder, representing a continuum from
a first inflammatory episode to parenchymal fibrosis
[8]
and functional insufficiency . While alcohol is the most
frequent causative factor in the development of chronic
pancreatitis, idiopathic, genetic, and autoimmune
[8]
factors are considered less frequent causes . CP
can eventually give rise to several complications that
should be treated accordingly. Principally, the only
[9]
observable symptom in chronic pancreatitis is pain .
Reactive oxidative species (ROS) are inevitable
epiphenomenon or the cause of vital processes,
particularly aerobic metabolism. When production of
ROS exceeds their catabolism in any physiologic and
pathologic conditions, oxidant-derived cellular injury
[10,11]
can occur which is known as oxidative stress
.
Interestingly, there is ample evidence suggesting
that oxidative stress is a common pivotal factor in the
[12]
pathogenesis of AP, CP and PEP . While an extensive
and multilayered antioxidant defense system is present
in the human body, dietary intake can play a crucial
role in strengthening antioxidant capacity within the
[13,14]
blood
. Thus, it is not surprising that the use of
antioxidants have positive effects in pancreatitis.
The question of whether antioxidant supplements
might protect against pancreatitis has drawn much
attention in recent years, and a meta-analysis has
[15]
shown some positive effects , although the results of
randomized trials have been contradictory. The present
systematic review with meta-analyses was conducted
to critically update the knowledge on the beneficial or
harmful effects of antioxidant supplementation in the

CONCLUSION: While there is some evidence to support
antioxidant therapy in AP, its effect on CP and PEP is
still controversial.
Key words: Acute pancreatitis; Chronic pancreatitis;
Post-endoscopic retrograde cholangiopancreatography
pancreatitis; Antioxidants; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Antioxidant therapy reduces the length of
hospital stay in acute pancreatitis patients. Although
antioxidant therapy shows no significant effect
on serum amylase after less than 8 h sampling, it
significantly reduces serum amylase after 24 h sampling.
Antioxidant therapy has no significant effect on serum
C reactive protein (CRP) after 5-7 d sampling, but
significantly reduces serum CRP after 10 d sampling.
Evidence to support the efficacy of antioxidant therapy
in the management of chronic pancreatitis and postendoscopic retrograde cholangiopancreatography
pancreatitis is limited. Further trials should be based on
etiology-differentiated designs.
Gooshe M, Abdolghaffari ah, Nikfar s, Mahdaviani p, Abdollahi
M. Antioxidant therapy in acute, chronic and post-endoscopic
retrograde cholangiopancreatography pancreatitis: An updated
systematic review and meta-analysis. World J Gastroenterol
2015; 21(30): 9189-9208 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i30/9189.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9189
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management of AP, CP and PEP.

2 × 2 tables by study characteristics. Included studies
were weighted by effect size and pooled. Data were
analyzed using Statsdirect software version 3.0.146.
Relative risk (RR) and 95% confidence intervals
(95%CI) were calculated using Mantel-Haenszel,
Rothman-Boice (for fixed effects) and DerSimonianLaird (for random effects) methods. Standardized
effect size and 95%CI were calculated using MulrowOxman (for fixed effects) and Der Simonian-Laird
(for random effects) methods. The Cochran Q test
was used to test heterogeneity and p < 0.05 was
considered significant. In the case of heterogeneity or
few included studies, the random effects model was
used. Egger and Begg-Mazumdar tests were used to
evaluate publication bias indicators in funnel plots.

MATERIALS AND METHODS
Data sources

All randomized clinical trials (RCTs) evaluating antio
xidants for the treatment of pain, hospitalization, C
reactive protein (CRP) and serum amylase in CP, AP
and the severity and rate of PEP were included. Data
were searched from PubMed, Scopus, Google Scholar,
Cochrane library database, and Evidence-based
medicine/clinical trials published before August 2014
were searched.
The search terms were as follows: AP, CP, PEP,
pancreatic inflammation, antioxidant, vitamin, super
oxide dismutase, manganese, glutamine, butylated
hydroxyanisole, taurine, glutathione, curcumin, catalase,
peroxidase, lutein, xanthophylls, zeaxanthin, selenium,
riboflavin, zinc, carotenoid, cobalamin, retinol, alphatocopherol, ascorbic acid, beta-carotene, carotene and
all MeSH terms of pharmacologically active antioxidants.
The studies were limited to clinical trials and those written
in the English language.

RESULTS
From the 1069 studies identified through the literature
search, 34 randomized controlled trials were identified
as eligible (4898 patients; 551 AP, 673 CP and 3674
PEP) (Figure 1). Of these, 12 trials used antioxidant
[17-28]
[28-39]
therapy in AP (Table 1)
, 12 trials in CP (Table 2)
[40-50]
and 11 trials in PEP (Table 3)
.
In these 35 papers, the Jadad score was 5 in 12
papers (34%), 4 in 9 (25%), 3 in 8 (22%), 2 in 5 (14%)
and only one study scored 1 (Tables 1-3).
Furthermore, the effects of early discontinuation
were minimized by the collection of updates, follow-up
and investigated in the analyses.
In each study, patients used antioxidant therapy in
order to treat or prevent pancreatitis, although various
methods of quantifying outcomes were employed.
Tables 1, 2, and 3 detail the characteristics of the trials.
In these cases, only the results for length of hospital
stay in AP patients, serum CRP in AP patients, pain
reduction in CP patients, the incidence and severity
of all types of PEP in patients undergoing ERCP, and
serum amylase in patients undergoing ERCP were
included in the meta-analysis.

Assessment of trial quality

The Jadad score, which indicates the quality of the
studies based on their description of randomization,
blinding, and dropouts (withdrawals) was used to
[16]
assess the methodological quality of trials . The
quality scale ranges from 0 to 5 points with a score of
2 or less for a low quality report and a score of at least
3 for a high quality report. The description of this score
is as follows: (1) whether randomized (yes = 1 point,
no = 0); (2) whether randomization was described
appropriately (yes = 1 point, no = 0); (3) double-blind
(yes = 1 point, no = 0); (4) was the double-blinding
described appropriately (yes = 1 point, no = 0); and (5)
whether withdrawals and dropouts were described (yes
= 1 point, no= 0). The quality score ranges from 0 to
5 points; a low-quality report score is ≤ 2 and a highquality report score is at least 3.

Antioxidant therapy in AP

Study selection

In the context of AP, ten of twelve studies assessed
clinical presentations, as outcomes of antioxidant
[17-22,24,25,27,28]
therapy
. One of four studies reported that
the mortality rate was reduced following antioxidant
[19]
therapy . Four of eight studies showed a significantly
[17,19,24,25]
shorter hospital stay in the treatment groups
.
In addition, four of eight trials reported a reduction in
[17,19,21,24]
complications and organ dysfunction
. However,
one study showed that antioxidant therapy did not
[28]
alleviate pain in AP .
On the other hand, ten of twelve studies assessed
laboratory outcomes, as outcomes of antioxidant
[17,18,20-26,28]
therapy
. Three of five studies showed a
significant increase in serum free radical activity and a
[17,24,28]
significant increase in serum antioxidant levels
.

Data synthesis was conducted by three reviewers
who read the title and abstract of the search results
separately to eliminate duplicates, reviews, case
studies, and uncontrolled trials. The inclusion criteria
were that the studies should be clinical trials on the
use of an antioxidant for the treatment or prevention
of pancreatitis. Outcomes of the studies were not
the point of selection and all studies that analyzed
the effects of an antioxidant on pancreatitis, from
pain reduction to changes in plasma cytokines, were
included.

Statistical analysis

Data from selected studies were extracted in the form of
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1069 potentially relevant
articles from electronic search

93 excluded because of duplication
897 reports excluded on the basis
of title and abstract

79 reports retrieved

45 reports excluded upon full
text search

34 eligible controlled clinical trials
included in the systematic review
and meta-analyses

Figure 1 Flow diagram of study selection.

Table 1 Controlled clinical trials of antioxidants in patients with acute pancreatitis
Ref.
Bansal et al[18], 2011

Sateesh et al[17], 2009

Xue et al[19], 2008

Drug/
supplements

Study design Jadad Participants
score

Combined
antioxidant
(vitamin A,
vitamin C,
vitamin E)

Single-center,
prospective
randomized,
open-label
with blinded
endpoint

4

Combined Randomized;
antioxidant
placebo(vitamin
controlled
C, N-acetyl
cysteine,
antoxyl forte)

3

Glutamine

Randomized;

WJG|www.wjgnet.com

1

Treatment (intervention)

39 patients
with severe
AP

Case

19 patients;
combined
antioxidants:
1000 mg vitamin
C in 100 mL
normal saline,
200 mg vitamin
E oral, and 10000
IU vitamin A
intramuscularly;
per day; for 14 d
53 patients
23 patients;
with AP
combined
antioxidants: 500
mg vitamin C,
200 mg 8 hourly
N-acetyl cysteine
and 1 capsule
hourly antoxyl
forte); per day;
for 7 d
80 patients 38 patients; 100
with severe mL/d of 20%
AP
AGD intravenous
infusion; for 10
d; starting on
the day 1 (Early
treatment)

9192

Outcome (results)

Control

Clinical

Laboratory

20 patients;
placebo

Multi-organ
dysfunction1
Length of
hospital stay1

Serum GSH1
Serum SOD1

30 patients;
placebo

Length of
hospital stay
and compli
cations ↓

Serum MDA1
TBARS ↓
SOD ↓

38 patients;
100 mL/d
of 20% AGD
intravenous
infusion/
for 10 d
starting
on the
day 5 (late
treatment)

Infection rate ↓
Operation rate
↓
Mortality ↓
Hospita
lization ↓
Duration of
ARDS ↓
Renal failure ↓
Acute hepatitis
↓
Encepha
lopathy ↓
Entero
paralysis ↓

TAC ↓
Vitamin C ↑
-

Adverse
effects/
events

-
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Fuentes-Orozco et al[20],
2008

Sahin et al[21], 2007

Siriwardena et al[22],
2008

Pearce CB et al[23], 2006

Glutamine

Randomized;
double blind;
controlled

4

Glutamine Randomized;
enriched total double blind;
parenteral
placebonutrition
controlled
(TPN)

3

Combined
antioxidant
(N-acety
lcysteine,
selenium,
vitamin C)

Randomized;
double blind;
placebocontrolled

5

Glutamine, Randomized;
arginine,
double blind;
tributyrin and
placeboantioxidants
controlled

5

Du et al[24], 2003

Vitamin C

Randomized;
controlled

3

Ockenga et al[25], 2002

Glutamine

Randomized,
double blind;
controlled

4
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44 patients
with AP

22 patients; 0.4 22 patients; Duration of
Serum IL10 ↑
g/kg per day
standard
shock ↓
Serum IL-6 ↓
of L-alanyl-LTPN; 10 d 15 d APACHE
CRP ↓
Ⅱ core ↓
Glutamine in
Ig A ↑
standard TPN; 10
Infectious
Protein ↑
d
morbidity ↓
Albumin ↑
Hospital stay
Leucocyte ↓
day1
Mortality1
40 patients 20 patients; 0.3 20 patients; Complication Total lymphocyte ↑
with AP
g/kg per day
placebo
rates ↓
Nitrogen balance
glutamine; for
was (+) in treated
7-15 d
group vs (-) in
control group
Transferrin level ↑
Fasting blood
sugar, albumin1
BUN1
Creatinine1
Total cholesterol
concentrations1
AST1
ALT1
LDH activities1
Leukocytes, CD4,
CD81
Serum Zn, Ca and P
43 patients
22 patients;
21 patients; Organ dysfun
Serum lipase ↓
with severe N-acetylcysteine,
placebo
ction1
Amylase activities↓
AP
selenium and
APACHE- Ⅱ1
CRP ↓
vitamin C; for 7d
Hospita
Serum vitamin C1
lization1
Serum selenium1
All case
GSH/GSSG ratio1
mortality1
CRP1
31 patients
15 patients;
16 patients;
CRP ↑
with severe
glutamine,
placebo
CAPAP↓
AP
arginine,
isocaloric
tributyrin and
isonitro
antioxidants; for
genous
3 d; If patients
control
required further feed was
feeding the study undertaken
was continued
up to 15 d
Hospita
84 patients 40 patients; Ⅳ 44 patients;
TNF-α ↓
Ⅳ vitamin
with AP
vitamin C; 10
lization ↓
IL-1 ↓
g/d; for 5 d
C; 1 g/d; for Deterioration
IL-8 ↓
5d
of disease ↓
CRP ↓
Improvement Serum interleukin-2
of disease ↑
receptor ↓
Cure rate ↑ Plasma vitamin C ↑
Plasma lipideroxide
↑
Plasma vitamin E ↑
Plasma β-carotene ↑
Whole blood
glutathione ↑
Activity of
erythrocyte
surperoxide
dismutase ↑
Erythrocyte catalase
↑
Hospita
28 patients Standard TPN
Standard
Cholinesterase ↑
with AP
which contains
TPN
lization ↓
Albumin ↑
0.3 g/kg per
Duration of
day L-alanineTPN ↓
L-glutamine; at
Cost of TPN1
least 1 wk

9193

-

-

Diarrhea
(1 patient)
Vomiting
(2
patients)

Hyper
natremia
(2
patients)
-

-
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de Beaux et al[26], 1998

Sharer et al[27], 1995

Bilton et al[28], 1994

Glutamine

Randomized;
double-blind;
controlled

5

14 patients 6 patients; 0.22 7 patients;
with AP
g/kg per day of
standard
glycyl-glutamine
TPN
in standard TPN;
for 7 d

Glutathione Randomized
precursors
(S-adenosyl
methionine
and N-acety
lcysteine)
S- adenosyl Randomized;
methionine double-blind;
(SAMe)
crossover;
Selenium and
placebocontrolled
β-carotene +
SAMe

2

79 patients
with AP

5

20 patients
20 patients;
with AP or SAMe 2.4 g/d; 10
CP
wk
20 patients;
SAMe 2.4 g/d,
Selenium 600 μg
and β-carotene
9000 IU; 10 wk

SAMe 43
mg/kg and
N-acetylcysteine
300 mg/kg

-

APACHE
Ⅱ score
reduction1
Complication
rate1

Placebo

Days in
hospital1
Mortality1
Attack
rate and
background
pain1

Lymphocyte count
↑
CRP ↓
Lymphocytic
proliferation (by
DNA synthesis) ↑
TNF1
IL61
IL8↓
-

-

Free radical activity
↓
Serum Selenium ↓
Serum β-carotene ↓
Serum vitamin E ↓
Serum vitamin C ↓
Serum SAMe ↑
Free radical activity
↓
Serum selenium ↓
Serum β-carotene ↑
Serum vitamin E ↑1
Serum vitamin C ↓
Serum SAMe ↑

-

-

1

No significant difference between groups. ↑: Significant increase as compared with control; ↓: Significant decrease as compared with control; TBARS:
Thiobarbitoric acid reactive substances; FRAP: Ferric reducing antioxidant power; SOD: Superoxide dismutase; AGD: Alanyl-glutamine dipeptide; CRP:
C-reaction protein; MDA: Malondialdehyde; LDH: Lactate dehydrogenase; APACHE Ⅱ: Acute Physiology and Chronic Health Evaluation Ⅱ; GSH:
Glutathione; TPN: Total parenteral nutrition; AST: Aspartate aminotransferase; ALT: Alanine transaminase; CAPAP: Carboxypeptidase B activation
peptide; BUN: Blood urea nitrogen.

Table 2 Controlled clinical trials of antioxidants in patients with chronic pancreatitis
Ref.

Drug/
supplements

Study design

Dhingra et al[29], 2013

Combined
antioxidant
(organic
selenium,
vitamin C,
β carotene,
vitamin E,
methionine)

Randomized;
placebocontrolled

3

Shah et al[30], 2013

Combined
antioxidant
(vitamin C,
vitamin E,
β carotene,
selenium,
methionine)

Randomized;
double blind;
placebocontrolled

5
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Jadad
score

Parti
cipants

Treatment (intervention)
Case

Outcome (results)
Clinical

Laboratory

61
31 patients; 600
30
patients Hg of organic patients;
with CP selenium, 0.54 placebo
g of vitamin
C, 9000 IU of β
carotene, 270
IU of vitamin
E, and 2 g of
methionine

Number of
painful days
per month ↓
Number of
analgesic
tablets per
month ↓

14
7 patients; Antox
7
patients tablet: vitamin patients;
with CP C, vitamin E,
placebo
β carotene,
selenium,
methionine
(Pharma Nord,
Morpeth, United
Kingdom); 6 m

Opiate usage1

Platelet-derived
growth factor
(PDGF) AA ↓
Transforming
growth factor β 11
Thiobarbituric
acid-reactive
substances1
Ferric-reducing
ability of plasma ↑
TBARS ↓
FRAP ↑
Serum vitamin C ↑
Serum vitamin E ↑
Serum b carotene
Serum vitamin A ↑
WCC1
Hb1
CRP1
Serum selenium1
IL 1b, 4, 6, and 101
TNF-a1

9194

Control

Adverse
effects/events
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Siriwardena et al[31],
2012

Combined
Randomized;
antioxidant double blind;
(selenium, d-aplacebotocopherol
controlled
acetate,
ascorbic acid,
l-methionine)

5

70
patients
with CP

33 patients;
Antox tablet:
38.5 mg
selenium
Yeast, 113.4 mg
d-a-tocopherol
acetate, 126.3
mg ascorbic
acid, 480 mg
l-methionine;
per d; for 6 m
68 patients;
Antox tablet:
vitamin C,
vitamin E,
β carotene,
selenium,
methionine
(Pharma Nord,
Morpeth, United
Kingdom); at
least 6 m
71 patients;
combined
antioxidants:
600 μg organic
selenium,0.54
g ascorbic acid,
9000 IU βcarotene, 270
IU α-tocopherol
and 2 g
methionine
(Betamore
G, Osper
Pharmanautics,
India); per d; for
6m

37
Quality of life1 Serum vitamin C ↑ Increased
patients; Average daily Serum vitamin E ↑ frequency
placebo
pain scores1
Serum beta
of stool,
Opiate use1
carotene ↑
occasional
Number
Serum selenium ↑ diarrhea, bad
of hospital
taste, and
admissions1
heartburn
Outpatient
with nausea
visits1

Shah et al[32], 2010

Combined
antioxidant
(vitamin C,
vitamin E,
β carotene,
selenium,
methionine)

Randomized;
placebocontrolled

2

137
patients
with CP

Bhardwaj et al[33], 2009

Combined
antioxidant
(organic
selenium,
vitamin C,
β- carotene,
α-tocopherol
and
methionine)

Randomized;
double blind;
placebocontrolled

5

147
patients
with CP

Combined
Randomized;
antioxidant
double(selenium,
blind;
placeboβ- carotene,
L-methionine, controlled;
vitamins C and crossover
E)

4

72
36 patients;
patients Antox tablet: 75
with CP mg of selenium,
3 mg β- carotene,
47 mg vitamin E,
150 mg vitamin
C, and 400 mg
methionone; 4
times per day;
for 10 wk

20
8 patients;
7
patients capsule: 500 mg patients;
with
curcumin (95%) placebo
tropical
with 5 mg of
(lactose)
pan piperine; 3 times
creatitis per day; for 6
(CP)
wk
26
13 patients;
13
patients 300 mg/d All patients,
with CP opurinol; 4 wk placebo

Kirk et al[34], 2006

Durgaprasad et al[35],
2005

Banks et al[36], 1997

Curcumin

Randomized;
single blind;
placebocontrolled

3

Allopurinol

Randomized,
doubleblind, twoperiod
crossover
clinical trial

4

WJG|www.wjgnet.com

9195

69
Median visual
patients; analogue pain
placebo
score ↓
Cognitive,
emotional,
social, physical
and role
function ↑
Analgesics and
opiate usage ↓
76
patients;
placebo

36
patients;
placebo;
4 times
per d; for
10 wk

Number of
painful days
per month ↓
Numbers of
oral analgesic
tablets and
parenteral
analgesic
injections per
month ↓
Hospitalization
↓
Percentage
of patients
become painfree ↓
Number of
man-days lost
per month ↓
Quality of life ↑
Pain ↓
Physical
and social
functioning ↑
Health
perception ↑
Emotional
functioning,
energy, mental
health:1
Median visual
analogue pain
score1
Severity of
Pain1

Pain1

-

-

Lipid peroxidation Headache &
(TBARS) ↓
Constipation
Serum SOD ↓
(all during
Total antioxidant
the first
capacity (FRAP) ↑
month of
Serum vitamin A↑ treatment)
Serum vitamin C ↑
Serum vitamin E ↑
Erythrocyte
superoxide
dismutase ↓

Plasma selenium ↑
Plasma vitamin C
↑
Plasma vitamin E
↑
Plasma β-carotene
↑

Two patients
complained
of nausea
and one of an
unpleasant
taste during
treatment
with Antox

Erythrocyte MDA
↓
GSH level1

-

Uric acid level ↓

-
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Bilton et al[28], 1994

S- adenosyl Randomized;
methionine
double(SAMe)
blind;
Selenium and
crossover;
placeboβ-carotene +
SAMe
controlled

5

20
patients
with AP
or CP

20 patients;
Placebo Attack rate and
SAMe 2.4 g/d;
background
10 wk
pain1
20 patients;
SAMe 2.4 g/d,
Selenium 600 μg
and β-carotene
9000 IU; 10 wk

78
patients
with CP

27
patients;
placebo
with
analgesic
regimen

Salim et al[39], 1991

Allopurinol;
dimethyl
sulfoxide

Randomized;
doubleblind;
placebocontrolled

4

Uden et al[37,38], 1990,
1992

Combined
antioxidant
(selenium ,
β-carotene,
vitamin C,
vitamin E,
methionine)

Randomized;
doubleblind;
crossover;
placebocontrolled

5

25 patients;
allopurinol;
50 mg 4 times
per day, with
analgesic
regimen (IM
pethidine
hydrochloride;
50 mg every 4
hours, and IM
metoclopramide
hydrochloride;
10 mg every 8 h)
28
26 patients;
patients
dimethyl
with CP sulfoxide; 500
mg 4 times
per day; with
analgesic
regimen
23 patients;
daily doses of
600 mg organic
selenium, 9000
IU β-carotene,
0.54 g vitamin C,
270 IU vitamin
E and 2 g
methionine;
10 wk

Free radical
activity ↓
Serum selenium ↓
Serum β-carotene ↓
Serum vitamin E ↓1
Serum vitamin C ↓
Serum SAMe ↑
Free radical
activity ↓
Serum selenium ↓
Serum β-carotene ↑
Serum vitamin E ↑1
Serum vitamin C ↓
Serum SAMe ↑
Pain free
WBC count ↓
patients ↑
Serum amylase ↓
Hospitalization
Serum LDH ↓
↓
Epigastric
tenderness ↓

23
Pain (Mc Gill) ↓
Free radical
patients;
activity ↓
placebo
Serum selenium ↑
Serum β-carotene ↑
Serum vitamin E ↑
Serum SAMe ↓

-

Allergies
General
malaise
Headache
Nausea
Vomiting
Dyspepsia
Abdominal
pain

-

1

No significant difference between groups. ↑: Significant increase as compared with control; ↓: Significant decrease as compared with control; TBARS:
Thiobarbitoric acid reactive substances; FRAP: Ferric reducing antioxidant power; SOD: Superoxide dismutase; AGD: Alanyl-glutamine dipeptide; CRP:
C-reaction protein; MDA: Malondialdehyde; LDH: Lactate dehydrogenase; APACHE Ⅱ: Acute Physiology and Chronic Health Evaluation Ⅱ; GSH:
Glutathione; TPN: Total parenteral nutrition.

While, three of seven trials reported a decrease in
[20,24,28]
inflammatory biomarkers
, one trial reported an
[25]
increase in inflammatory biomarkers . Indeed, three
of the five studies demonstrated a significant decrease
[20,21,24,25]
in CRP levels
. In addition, one study reported a
[21]
reduction in the levels of serum amylase and lipase .
It is noteworthy that one of twelve studies assessing
the antioxidant therapies reported diarrhea, vomiting
[23]
and hypernatremia in 5 patients .

showed a significantly shorter hospital stay in the
[33,39]
treatment groups
. In addition, six of eleven trials
[29,32-34,37-39]
reported a reduction of pain
.
On the other hand, eleven of twelve studies
assessed laboratory outcomes, as outcomes of antio
[28-39]
xidant therapy
. Eight of nine studies showed
a significant decrease in serum free radical activity
and a significant increase in serum antioxidant
[28-31,33,34,37,38]
levels
. Furthermore, one of two trials
[39]
reported a decrease in inflammatory biomarkers . In
addition, one study reported a decrease in the levels
[39]
of serum amylase . However, three of twelve studies
assessing the antioxidant therapies reported adverse
effects such as GI complications (nausea, vomiting,
dyspepsia, diarrhea, and constipation), unpleasant
taste, allergies, heartburn, headaches, general

Antioxidant therapy in CP

In the context of CP, all of the studies (twelve studies)
[28-39]
assessed clinical presentations
. Three of four
studies reported that antioxidant therapy improved the
quality of life as well as cognitive, emotional, social,
[32-34]
physical and role function
. Two of three studies

WJG|www.wjgnet.com
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Table 3 Controlled clinical trials for antioxidant management to prevent post-endoscopic retrograde cholangiopancreatography pancreatitis
Ref.

Jadad
score

n

Drug/
supplements

Study design

Abbasinazari et al[40],
2011

Allopurinol

Randomized
double blind
clinical trial

3

74

29 patients;

Martinez-Torres et al[41],
2009

Allopurinol

Randomized;
double-blind;
placebocontrolled

5

170

85 patients;
300 mg oral
allopurinol
15 h and 3 h
before ERCP

Kapetanos et al[42], 2009 Pentoxifylline Randomized;

2

590

Octreotide

Romagnuolo et al[43],
2008

Allopurinol

Randomized;
double blind;
placebocontrolled

WJG|www.wjgnet.com

4

Treatment (intervention)
Case

205 patients;
400 mg oral
Pentoxifylline,
40 h, 32 h, 24
h, 16 h and 8 h
before ERCP
(total dose 2 g)
180 patients;
0.5 mg
subcutaneous
octreotide, 64 h,
56 h, 48 h, 40 h,
32 h, 24 h, 16 h
and 8 h before
ERCP (total
dose 4 mg)
586 293 patients;
300 mg oral
allopurinol
60 min before
ERCP

9197

Adverse
effects/events

Other
comments

Serum
amylase
activity1

-

-

Serum
amylase
activity ↓

-

205
Rate of
patients; no
PEP1
medication (7.3% vs
2.9%)

TNF-a1
IL-61

-

21.7%
absolute
benefit in
patients with
high-risk
procedures
favoring
allopurinol,
no difference
in low-risk
procedures
-

205
patients; no
medication

Rate of
PEP1
(5% vs
2.9%)

TNF-a ↓
IL-61

293
patients;
placebo

Rate of
PEP1
(5.5% vs
4.1%)

Diseaserelated
adverse
events1
Procedurerelated
complications1
Hospita
lization1

Control

Outcome (results)
Primary

Other

45 patients; Rate of
no
PEP1
medication (11.5% vs
12.5%)
85 patients; Rate of
placebo
PEP ↓
(2.3% vs
9.4%)

-

In the non–
high-risk
group (n
= 520), the
crude PEP
rates were
5.4% for
allopurinol
and 1.5%
for placebo
(P = 0.017),
favoring
placebo,
indicating
harm
associated
with
allopurinol,
whereas in
the highrisk group
(n = 66), the
PEP rates
were 6.3% for
allopurinol
and 23.5%
for placebo
(P = 0.050),
favoring
allopurinol
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Kapetanos et al[44], 2007 Pentoxifylline Randomized;

2

320

Milewski et al[45], 2006

N-acety
lcysteine

Randomized;
placebocontrolled

2

106

Katsinelos et al[46], 2005

Allopurinol

Randomized;
double blind;
placebocontrolled

4

250

Katsinelos et al[47], 2005

N-acety
lcysteine

Randomized;
double-blind;
placebocontrolled

3

256

Mosler et al[48], 2005

Allopurinol

Randomized;
double blind;
placebocontrolled

4

701

Lavy et al[49], 2004

Natural
β-carotene

5

321

Budzyńska et al[50], 2001

Allopurinol

Randomized;
double-blind;
placebocontrolled
Randomized;
placebocontrolled

3

158 patients;
400 mg oral
pentoxifylline,
40 h, 32 h, 24
h, 16 h and 8 h
before ERCP
(total dose 2 g)
55 patients;
600 mg oral
N-acety
lcysteine 24 h
and 12 h before
ERCP and 1200
mg Ⅳ for 2 d
after the ERCP
125 patients;
600 mg oral
allopurinol 15
and 3 h before
ERCP
124 patients;
70 mg/kg 2
h before and
35 mg/kg at
4 h intervals
for a total of
24 h after the
procedure
355 patients;
600 mg 4 h and
300 mg 1 h oral
allopurinol
before ERCP

141 patients;
2 g oral
β-carotene 12 h
before ERCP
300
99 patients;
200 mg oral
Allopurinol
15 h and 3 h
before ERCP

162
Rate of
patients; no
PEP1
medication (5.6% vs
3%)

Hemorrhage1 Nausea and
Serum
vomiting in
amylase
10% of the
activity1
patients who
received the
drug

-

51 patients; Rate of
isotonic Ⅳ
PEP1
saline b.d (7.3% vs
for 2 d after 11.8%)
the ERCP

Urine amylase
activity1
Serum
amylase
activity1

-

-

118
patients;
placebo

Rate of
PEP ↓
(3.2% vs
17.8%)

Hospita
lization ↓
Severity of
Pancreatitis ↓

-

-

125
patients;
placebo
(normal
saline
solution)

Rate of
PEP1
Hospita
lization1

-

Nausea Skin
rash Diarrhea
Vomiting

2 patients
with
suspected
SOD

346
patients;
placebo

Rate of
PEP1
(13.0% vs
12.1%)

Severity of
pancreatitis1

-

180
patients;
placebo

Rate of
PEP1
(10% vs
9.4%)
Rate of
PEP1
(12.1% vs
7.9%)

Severe
pancreatitis ↓

-

4% absolute
benefit in
high-risk
patients; 4%
absolute harm
in average
risk
-

Severity of
pancreatitis1

-

101
patients;
placebo

3-arm study,
with third
arm (n =
100) given
prednisone

1

No significant difference between groups. ↑: Significant increase as compared with control; ↓: Significant decrease as compared with control; PEP: Postendoscopic pancreatitis.

Meta-analysis

[33,34,39]

malaise, and abdominal pain

.

Effect of antioxidants compared with placebo on
length of hospital stay (d) in acute pancreatitis
patients: The summary for standardized effect size of
mean differences in length of hospital stay in 303 AP
patients for antioxidants therapy for six included trials
[17,18,20-22,24]
compared to placebo
was -2.59 with 95%CI:
-4.25-(-0.93) (P = 0.002, Figure 2a). The Cochrane Q
test for heterogeneity indicated that the studies were
not heterogeneous (P = 0.16) and could be combined,
but due to publication bias the random effects for
individual and summary of effect size for standardized
mean was applied. For evaluation of publication bias,
Egger regression of normalized effect vs precision for
all included studies on length of hospital stay in AP
patients treated with antioxidants vs placebo therapy
was 2.17 (95%CI: 1.04-3.31, P = 0.006) and Begg-

Antioxidant therapy in PEP

In the context of PEP, two of eleven studies showed a
[41-46]
significant drop in the rate of PEP
. In addition, one
of two studies reported a significant decrease in the
[46]
rate of hospitalization in the treatment group . On
the other hand, two studies showed that antioxidant
[43,44]
therapy did not affect disease-related complications
.
One of four studies assessing laboratory outcomes,
reported a significant decrease in serum amylase
[41]
activity . Moreover, one trial reported a non[45]
significant alteration in urine amylase levels . Also,
one of two studies demonstrated a significant decrease
[42]
in serum TNF . Two of eleven trials reported adverse
events such as nausea, diarrhea, vomiting and skin
[44,47]
rash
.

WJG|www.wjgnet.com
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A

Effect size meta-analysis plot [fixed effects]

Bansal et al . 2011
Sateesh et al . 2009
Fuentes-Orozco et al . 2008
Sahin Het et al . 2007
Siriwardena et al . 2008
Du et al . 2003

-10

0

10

20

Pooled weighted mean difference = -3.049976 [95%CI: -4.190844-(-1.909108)]

B

Bias assessment plot

0

SE

2

4

6

8
-20

-10

0

10

20

Effect size

Figure 2 Individual and pooled effect size for standardized mean for the outcome of “rate of hospitalization in acute pancreatitis” in the studies
considering antioxidants compared to placebo therapy in 303 patients (a) and publication bias indicators for the outcome of “rate of hospitalization in
chronic pancreatitis” in the studies considering antioxidants compared to placebo therapy in 303 patients (b).

Mazumdar Kendall’s test on standardized effect vs
variance indicated tau= 0.47, P = 0.27 (Figure 2b).

too few strata.
Effect of antioxidants compared with placebo on
serum CRP in acute pancreatitis patients after
10 d: The summary for standardized effect size of
mean differences of serum CRP in 84 AP patients after
10 d for antioxidants therapy for two included trials
[20,21]
compared to placebo
was -45.16 with 95%CI:
-89.99-(-0.33) (P = 0.048, Figure 3B). The Cochrane
Q test for heterogeneity indicated that the studies were
not heterogeneous (P = 0.44) and could be combined,
but due to few included trials, the random effects for
individual and summary of effect size for standardized
mean was applied. Publication bias for included studies
for serum CRP in AP patients treated with antioxidants
vs placebo therapy could not be evaluated because of
too few strata.

Effect of antioxidants compared with placebo on
serum CRP in acute pancreatitis patients after 5-7
d: The summary for standardized effect size of mean
differences in serum CRP in 171 AP patients after 5-7
d for antioxidants therapy for three included trials
[20,22,24]
compared to placebo
was -9.57 with 95%CI:
-40.61-21.48 (P = 0.55, Figure 3A). The Cochrane Q
test for heterogeneity indicated that the studies were
not heterogeneous (P = 0.56) and could be combined,
but due to few included trials, the random effects for
individual and summary of effect size for standardized
mean was applied. Publication bias for included studies
for serum CRP in AP patients treated with antioxidants
vs placebo therapy could not be evaluated because of

WJG|www.wjgnet.com
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A

Effect size meta-analysis plot [random effects]

Fuentes-Orozco et al . 2008

Du et al . 2003

Siriwardena et al . 2008

-100

-50

0

50

100

DL pooled weighted mean difference = -9.565369 (95%CI: -40.610708-21.47997)

B

Effect size meta-analysis plot [random effects]

Fuentes-Orozco et al . 2008

Sahin Het et al . 2007

-150

-100

-50

0

50

DL pooled weighted mean difference = -45.160139 [95%CI: -89.989712-(-0.330565)]

Figure 3 Individual and pooled effect size for standardized mean for the outcome of “serum C reactive protein in acute pancreatitis patients after 5-7 d
sampling” in the studies considering antioxidants compared to placebo therapy in 171 patients (A) and individual and pooled effect size for standardized
mean for the outcome of “serum C reactive protein in acute pancreatitis patients after 10 d sampling” in the studies considering antioxidants compared to
placebo therapy in 84 patients (B).

Effect of antioxidants compared with placebo on
pain reduction in chronic pancreatitis patients:
The summary for standardized effect size of mean
differences of pain reduction in 189 CP patients for
antioxidants therapy for two included trials compared
[31,33]
to placebo
was -2.13 with 95%CI: -5.87-1.6 (P =
0.26, Figure 4). The Cochrane Q test for heterogeneity
indicated that the studies were heterogeneous (P =
0.0003) and could not be combined, thus the random
effects for individual and summary of effect size for
standardized mean was applied. Publication bias
for included studies of pain reduction in CP patients
treated with antioxidants vs placebo therapy could not
be evaluated because of too few strata.

indicated that the studies were heterogeneous (P =
0.02, Figure 5a-b) and could be not combined, thus
the random effects for individual and summary for RR
was applied. For evaluation of publication bias Egger
regression of normalized effect vs precision for all
included studies for “all types of PEP” in 1849 patients
treated with antioxidants vs placebo therapy was -0.78
(95%CI: -3.22-1.67, P = 0.5) and Begg-Mazumdar
Kendall’s test on standardized effect vs variance
indicated tau= -0.06, P = 0.73 (Figure 5a-c).
Effect of antioxidants compared with placebo
on the incidence of severe PEP in patients
undergoing ERCP: The summary for RR of severe
PEP in patients undergoing ERCP for ten included trials
[40,42-44,46-50]
in nine studies
comparing antioxidants to
placebo was 0.92 with 95%CI: 0.43-1.97 (P = 0.83,
Figure 5b-a). The Cochrane Q test for heterogeneity
indicated that the studies were not heterogeneous (P
= 0.85, Figure 5b-b) and could be combined, thus
the fixed effects for individual and summary for RR
was applied. For evaluation of publication bias, Egger

Effect of antioxidants compared with placebo
on the incidence of all types of PEP in patients
undergoing ERCP: The summary for RR of all types
of PEP in patients undergoing ERCP for twelve included
[40-50]
trials in eleven studies
comparing antioxidants to
placebo was 1.05 with 95%CI: 0.74-1.5 (P = 0.78,
Figure 5a-a). The Cochrane Q test for heterogeneity
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Effect size meta-analysis plot [random effects]
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Figure 4 Individual and pooled effect size for standardized mean for the outcome of “pain in chronic pancreatitis patients” in the studies considering
antioxidants compared to placebo therapy in 189 patients.
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Figure 5 Effect of antioxidants compared with placebo therapy on incidence. Individual and pooled relative risk (a-a), heterogeneity indicators for (a-b), and
publication bias indicators for (a-c) the outcome of “all types of PEP” in the studies considering antioxidants compared to placebo therapy in 1849 patients undergoing
ERCP; individual and pooled relative risk (B-a); Heterogeneity indicators (B-b); and publication bias indicators (b-c) for the outcome of “severe PEP” in the studies
considering antioxidants compared to placebo therapy in 1709 patients undergoing ERCP; individual and pooled relative risk (C-a); heterogeneity indicators for (C-b);
publication bias indicators (C-c) for the outcome of “moderate PEP” in the studies considering antioxidants compared to placebo therapy in 1709 patients undergoing
ERCP; individual and pooled relative risk (D-a); heterogeneity indicators (d-b); publication bias indicators (d-c) for the outcome of “mild PEP” in the studies
considering antioxidants compared to placebo therapy in 1709 patients undergoing ERCP. PEP: post-endoscopic retrograde cholangiopancreatography pancreatitis;
ERCP: endoscopic retrograde cholangiopancreatography.
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regression of normalized effect vs precision for all
included studies for “severe PEP” in 1709 patients
treated with antioxidants vs placebo therapy was 0.21
(95%CI: -2.12-2.54, P = 0.84) and Begg-Mazumdar
Kendall’s test on standardized effect vs variance
indicated tau= 0.2, P = 0.48 (Figure 5b-c).

be evaluated because of too few strata.
Effect of antioxidants compared with placebo
on serum amylase in patients undergoing ERCP
after less than 24-h sampling: The summary for
standardized effect size of mean differences in serum
amylase in 426 patients undergoing ERCP after less
than 24-h sampling for antioxidants therapy for two
[44,45]
included trials comparing to placebo
was -16.13
with 95%CI: -22.98-(-9.28) (P < 0.0001, Figure
6B). The Cochrane Q test for heterogeneity indicated
that the studies were not heterogeneous (P = 0.34)
and could be combined, but because of few included
trials, the random effects for individual and summary
of effect size for standardized mean was applied.
Publication bias for included studies for serum amylase
in patients undergoing ERCP treated with antioxidants
vs placebo therapy could not be evaluated because of
too few strata.

Effect of antioxidants compared with placebo
on the incidence of moderate PEP in patients
undergoing ERCP: The summary for RR of
moderate PEP in patients undergoing ERCP for ten
[40,42-44,46-50]
included trials in nine studies
comparing
antioxidants to placebo was 0.82 with 95%CI:
0.54-1.23 (P = 0.33, Figure 5c-a). The Cochrane Q
test for heterogeneity indicated that the studies were
not heterogeneous (P = 0.66, Figure 5c-b) and could
be combined, thus the fixed effects for individual
and summary for RR was applied. For evaluation of
publication bias, Egger regression of normalized effect
vs precision for all included studies for “moderate
PEP” in 1709 patients treated with antioxidants vs
placebo therapy was -0.37 (95%CI: -1.57-0.83,
P = 0.5) and Begg-Mazumdar Kendall’s test on
standardized effect vs variance indicated tau= -0.02,
P = 0.86 (Figure 5c-c).

DISCUSSION
Principal findings and comparison with other studies

We established that antioxidant therapy significantly
shortens hospital stay in AP patients, however, time
is needed for the best effects. In addition, we found
no significant decrease in serum CRP (as a marker of
inflammation) following antioxidant therapy after 5-7
d, while the CRP decreased after 10 d. In addition,
our results do not support an ameliorative role of
antioxidant supplements in the reduction of pain in CP.
Although in this meta-analysis, we aimed to include
as many patients as possible, only two trials were
eligible and eleven trials (456 patients) were excluded.
Therefore, further trials are required to provide more
[51]
solid evidence. The findings from another study
were not consistent with ours.
For interventions focused on PEP, the use of antio
xidant supplements resulted in no major clinical
evidence (rate and severity of PEP) of efficacy,
although a tendency to decrease the rate and severity
of PEP was observed. These findings are supported
[15,52,53]
by the results of previous meta-analyses
.
Controversially, although we found no significant effect
of antioxidant therapy in decreasing serum amylase
in PEP patients after less than 8 h sampling, serum
amylase after less than 24 h sampling was significantly
reduced.

Effect of antioxidants compared with placebo on
the incidence of mild PEP in patients undergoing
ERCP: The summary for RR of mild PEP in patients
undergoing ERCP for ten included trials in nine
[40,42-44,46-50]
studies
comparing antioxidants to placebo
was 1.33 with 95%CI: 0.99-1.78 (P = 0.06, Figure
5d-a). The Cochrane Q test for heterogeneity indicated
that the studies were not heterogeneous (P = 0.76,
Figure 5d-b) and could be combined, thus the fixed
effects for individual and summary for RR was applied.
For evaluation of publication bias, Egger regression
of normalized effect vs precision for all included
studies for “mild PEP” in 1709 patients treated with
antioxidants vs placebo therapy was 0.25 (95%CI:
-1.73-2.23, P = 0.78) and Begg-Mazumdar Kendall’s
test on standardized effect vs variance indicated tau=
0.07, P = 0.86 (Figure 5d-c).
Effect of antioxidants compared with placebo
on serum amylase in patients undergoing ERCP
after less than 8 h sampling: The summary for
standardized effect size of mean differences in serum
amylase in 500 patients undergoing ERCP after less
than 8 h sampling for antioxidants therapy for three
[40,44,45]
included trials compared to placebo
was -20.61
with 95%CI: -143.61-102.39 (P = 0.74, Figure 6A).
The Cochrane Q test for heterogeneity indicated that
the studies were heterogeneous (P < 0.0001) and
could not be combined, thus the random effects for
individual and summary of effect size for standardized
mean was applied. Publication bias for included studies
for serum amylase in patients undergoing ERCP
treated with antioxidants vs placebo therapy could not

WJG|www.wjgnet.com

Strengths and limitations of this study

To best of our knowledge, this is the most compre
hensive systematic review with meta-analysis on the
effect of antioxidant therapy in the management of
acute, chronic and post-ERCP pancreatitis. In order
to avoid bias, a comprehensive search and data
extraction were conducted, however, we reached
the conclusion that existing trials have inevitable
differences in the use of antioxidants or the study
design. Furthermore, excluding languages other than
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Figure 6 ndividual and pooled effect size for standardized mean for the outcome. A: Of “serum amylase in patients undergoing ERCP after less than 8 h
sampling” in the studies considering antioxidants comparing to Placebo therapy in 500 patients; B: Of “serum amylase of patients undergoing ERCP after less than 24
h sampling” in the studies considering antioxidants comparing to Placebo therapy in 426 patients. ERCP: Endoscopic retrograde cholangiopancreatography.

English may lead to language bias.

regardless of their etiology. Indeed, this meta-analysis
indicated that antioxidant therapy exerts alleviating
effects in the management of AP, but there is limited
evidence supporting the efficacy of antioxidant therapy
in PEP (as a particular type of AP). Thus, in order to
progress in making antioxidant therapy a realistic goal,
outcomes should be differentiated, based on their
etiology.
Antioxidants, as with all drugs, have adverse events.
Therefore, the complications of such compounds are
yet to be specified, although they seem less theoretical
than supposed.
Current advances in the field of antioxidant therapy
should provide the impetus for more clinical trials.
However, there is still a long way before such therapies
are used in routine clinical use.

Conclusion and implications for clinical practice and
future research

This meta-analysis suggests that antioxidant supplements
are safe and effective in the treatment of AP, while their
efficacy in CP and PEP was not confirmed. Although
there are several safe and efficacious compounds that
can control oxidative stress, yet antioxidant therapy
has shown little success in inflammatory disorders such
as pancreatitis. Lack of proper understanding of the
pathological processes underlying pancreatitis may be
the reason behind this failure. Evolving evidence suggests
that, depending on the etiology of AP, CP or PEP, different
underlying pathological processes might take part in
these conditions. Most of these trials targeted AP or CP
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pancreatitis (AP), chronic pancreatitis (CP) and post-endoscopic retrograde
cholangiopancreatography pancreatitis (PEP). Therefore, it is necessary to
systematically evaluate the efficacy and adverse effects of antioxidant therapy
in the management of different types of pancreatitis.

10

11

Research frontiers

12
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Enhanced recovery after surgery programs in patients
undergoing hepatectomy: a meta-analysis
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Abstract
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AIM: To evaluate the impact of enhanced recovery
after surgery (ERAS) programs in comparison with
traditional care on liver surgery outcomes.
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METHODS: The PubMed, EMBASE, CNKI and Cochrane
Central Register of Controlled Trials databases were
searched for randomized controlled trials (RCTs)
comparing the ERAS program with traditional care in
patients undergoing liver surgery. Studies selected for
the meta-analysis met all of the following inclusion
criteria: (1) evaluation of ERAS in comparison to
traditional care in adult patients undergoing elective
open or laparoscopic liver surgery; (2) outcome mea
sures including complications, recovery of bowel
function, and hospital length of stay; and (3) RCTs.
The following exclusion criteria were applied: (1) the
study was not an RCT; (2) the study did not compare
ERAS with traditional care; (3) the study reported on
emergency, non-elective or transplantation surgery; and
(4) the study consisted of unpublished studies with only
the abstract presented at a national or international
meeting. The primary outcomes were complications.
Secondary outcomes were length of hospital stay and
time to first flatus.
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RESULTS: Five RCTs containing 723 patients were
included in the meta-analysis. In 10/723 cases, patients
presented with benign diseases, while the remaining
713 cases had liver cancer. Of the five studies, three
were published in English and two were published in
Chinese. Three hundred and fifty-four patients were
in the ERAS group, while 369 patients were in the
traditional care group. Compared with traditional care,
ERAS programs were associated with significantly
decreased overall complications (RR = 0.66; 95%CI:
0.49-0.88; P = 0.005), grade Ⅰ complications (RR =
0.51; 95%CI: 0.33-0.79; P = 0.003), and hospital
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[3]

length of stay [WMD = -2.77 d, 95%CI: -3.87-(-1.66);
P < 0.00001]. Similarly, ERAS programs were asso
ciated with decreased time to first flatus [WMD =
-19.69 h, 95%CI: -34.63-(-4.74); P < 0.0001]. There
was no statistically significant difference in grade Ⅱ-Ⅴ
complications between the two groups.

a variety of surgical procedures . Preoperative
education, epidural or regional anesthesia, perioperative
fluid management, minimally invasive techniques,
optimal pain control, early initiation of oral feeding,
and mobilization are some of the hallmarks of ERAS
[4,5]
programs . In recent years, ERAS protocols have
been applied to different types of surgery, including
[6]
[7]
[8]
[9]
colorectal , gastric , vascular , urologic and gyne
[10]
cologic procedures.
ERAS programs have also been used during hepatic
[11,12]
surgery
. With the improvement of operative
techniques and perioperative management, mortality
after liver resection surgery has decreased to its current
level of 5%. Morbidity rates, however, remain high
[13]
and range from 15% to 50% . Although a number
of studies have evaluated ERAS programs in relation
to liver surgery, limited data have precluded proper
analysis of their effectiveness. Recently, randomized
controlled trials (RCTs) comparing ERAS programs
with traditional care in liver surgery patients have
been published. We performed a meta-analysis of the
published literature to assess the safety and efficacy of
ERAS programs in comparison with traditional care in
patients undergoing liver surgery for liver cancer. This
meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
[14]
Meta-Analyses (PRISMA) statement .

CONCLUSION: ERAS is a safe and effective program
in liver surgery. Future studies should define the active
elements to optimize postoperative outcomes for liver
surgery.
Key words: Enhanced recovery after surgery; Liver
surgery; Complications; Hospital length of stay; Metaanalysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To the best of our knowledge, this is the first
meta-analysis of randomized controlled trails that
have investigated the impact of enhanced recovery
after surgery (ERAS) programs on surgical outcomes
in liver surgery patients. The implementation of
ERAS programs is safe and effective for liver surgery.
However, we found some problems, which involved
inconsistent outcome measures and ERAS criteria that
were not specific to liver surgery. Future research in
this field should develop liver surgery-specific ERAS
programs.

MATERIALS AND METHODS
Publication search

Ni TG, Yang HT, Zhang H, Meng HP, Li B. Enhanced recovery
after surgery programs in patients undergoing hepatectomy: a
meta-analysis. World J Gastroenterol 2015; 21(30): 9209-9216
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i30/9209.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i30.9209

Two reviewers (Han-Teng Yang and Hao Zhang) inde
pendently performed a literature search in the PubMed,
EMBASE, China National Knowledge Infrastructure
(CNKI) and Cochrane Central Register of Controlled
Trials databases for all RCTs that assessed the impact
of ERAS programs on patients following hepatectomy
in comparison to traditional care, which had been
published in 1966 through November 8, 2014. We did
not apply language restrictions. The following search
terms were used: fast track, fast-track, enhanced
recovery, liver, hepatic, hepatocellular, hepatectomy,
resection, surgery, surgical, randomized controlled trial,
randomized, randomly and clinical trial. Synonyms
of each of the terms were also used in the search.
Abstracts from each of the studies were reviewed. In
addition, the references from each of the retrieved
articles were manually screened to identify other
potential eligible RCTs.

INTRODUCTION
The enhanced recovery after surgery (ERAS) program,
or fast-track surgery (FTS), was first initiated by
[1]
Kehlet et al in colorectal surgery during the 1990s.
In the first ERAS study, the authors demonstrated
accelerated recovery, shorter hospital length of stay
(LoS) and reduced postoperative morbidity in the
[2]
ERAS group . Since that study was published, ERAS
has been strongly promoted worldwide and has
revolutionized the traditional thinking and principles of
behavior in the perioperative process developed over
the past 100 years. Consequently, the clinical pattern
of many diseases has changed. ERAS is characterized
by a series of optimization measures grounded in
evidence-based medicine during the perioperative
period to attenuate the physical and psychological
stress responses and complications, and to potentiate
postoperative rehabilitation for patients following

WJG|www.wjgnet.com

Inclusion and exclusion criteria

Studies selected for the meta-analysis met all of the
following inclusion criteria: (1) the study evaluated
ERAS in comparison to traditional care in adult patients
undergoing elective open or laparoscopic liver surgery;
(2) the outcome measures included complications,
recovery of bowel function, and hospital LoS; and (3)
the study must be an RCT. The following exclusion
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criteria were applied: (1) the study was not an RCT;
(2) the study did not compare ERAS with traditional
care; (3) the study reported on emergency, nonelective or transplantation surgery; and (4) the study
consisted of unpublished data with only the abstract
presented at a national or international meeting.
For different publications with overlapping data, the
most complete publication was selected. Two authors
(Tian-Gen Ni and Bo L) independently assessed the
articles for compliance with the inclusion/exclusion
criteria, resolved disagreements, and reached a unified
decision.

LoS (defined as the number of days in the hospital
after surgery until discharge); and (2) time to first
flatus.

Statistical analysis

Meta-analyses were performed by using risk ratios
(RRs) for dichotomous outcomes, and weighted
mean differences (WMDs) were used for continuous
outcomes. Pooled estimates were presented with
95%CIs. If the included studies provided medians
and interquartile ranges, we calculated the mean ±
SD according to the methods outlined by Hozo et
[19]
al . When heterogeneity was found to be statistically
2
[20,21]
significant (P < 0.05 or I > 50%
), a random
effects model was applied. Otherwise, a fixed effects
model was adopted to calculate the pooled RRs or
WMDs. Funnel plots were generated to determine the
presence of publication bias. When a study presented
with significant heterogeneity, sensitivity analyses were
performed to assess how inferring standard deviations
from medians and interquartile ranges from poor
quality studies affected the overall results. We further
identified sources of heterogeneity and assessed the
robustness and consistency of statistical techniques
used. For all other comparisons, statistical significance
was defined by P < 0.05 and all tests were two-tailed.
All statistical analyses were performed using the
Review Manager (RevMan) software, version 5.3 from
the Cochrane Collaboration (http://tech.cochrane.
org/revman). Some outcomes were not analyzed but
instead were presented as descriptive information.

Data extraction

Two researchers (Han-Teng Yang and Hao Zhang)
independently reviewed and extracted the following
information from each of the studies: first author’s name,
publication year, country, total number of cases and
controls, age, sex, type of surgery, outcome measures,
and number of ERAS program items according to the
[15]
guidelines established by the ERAS group . The core
elements of ERAS include preadmission information
and counseling, preoperative bowel preparation,
preoperative fasting and carbohydrate loading,
preanesthetic medication, prophylaxis against th
romboembolism, antimicrobial prophylaxis, standard
anesthetic protocol, preventing and treating posto
perative nausea and vomiting, laparoscopy-assisted
surgery, surgical incisions, nasogastric intubation,
preventing intraoperative hypothermia, perioperative
fluid management, drainage of the peritoneal cavity,
urinary drainage, preventing postoperative ileus,
postoperative analgesia, postoperative nutritional care
and early mobilization. If there were any disagreements
between the two reviewers, a third reviewer (Hai-Peng
Meng) was recruited and the issue was discussed until
a consensus was achieved. When multiple publications
reported on the same or overlapping data, we selected
the study with the most complete dataset.

RESULTS
Study characteristics and assessment of bias risk

After the initial literature search, a total of 101
potentially relevant studies were identified. The final
meta-analysis, after application of inclusion and
exclusion criteria, included five RCTs with a total of 723
[22-26]
patients
. In 10/723 cases, patients presented with
benign diseases, while the remaining 713 cases had
liver cancer. Of the five studies, three were published
in English and two were published in Chinese. The
PRISMA flow diagram is shown in Figure 1. Three
hundred and fifty-four patients were in the ERAS group,
while 369 patients were in the traditional care group.
The sample size for the included studies ranged from
60 to 297 patients. The included RCTs were published
between 2012 and 2014 and were conducted solely
in adult patients. There were no multicenter trials.
Characteristics of each included RCT are presented in
Table 1. Each reviewer performed an assessment of
risk of bias of each methodological component. The risk
of bias summary for the included RCTs is presented in
Figure 2.

Assessment of risk of bias

The methodology for each RCT was assessed inde
pendently by two reviewers (Tian-Gen Ni and HanTeng Yang) according to the Cochrane Collaboration’s
[16,17]
risk of bias tool
, which analyzes the following
criteria: (1) random sequence generation; (2) allo
cation concealment; (3) blinding of participants and
personnel; (4) blinding of outcome assessment; (5)
incomplete outcome data; (6) selective reporting;
and (7) other bias. For each entry based on the risk
of bias assessment guidelines, we made a judgment
(low risk of bias, high risk of bias, or uncertain). All
disagreements were resolved by discussion until a
consensus was achieved.

Outcome measures

Primary outcome measures

Complications (defined according to the Dindo-Clavien
[18]
classification ) were the primary outcome measure.
Secondary outcome measures included: (1) hospital

WJG|www.wjgnet.com

Overall complications were reported in all included
studies. Because we did not identify significant
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performamce bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Huang 2013
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-
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  ?

Jones 2013

+

+

-

+

+

+

?

Lu 2014

+

?

  -

+

+

+

  +

Ni 2013

+

+

-

+

+

+

  +

Records identified through
database searching
(n = 101)

Included

Eligibility

Screening

Records after duplicates removed
(n = 26)

Records screened
(n = 75)

Full-text articles assessed
for eligibility
(n = 11)

Records excluded
(n = 64)

Full-text articles excluded,
with reasons
(n = 6)

Studies included in
qualitative synthesis
(n = 5)

Figure 2 Risk of bias summary in included studies. The symbol of (-) red
indicates that there is a high risk of bias, of (+) green indicates a low risk of bias
and of (?) yellow indicates uncertainty.

Studies included in
qualitative synthesis
(meta-analysis)
(n = 5)

hospital LoS [WMD = -2.77 d, 95%CI: -3.87-(-1.66);
P < 0.00001] (Figure 4A). After one study was
[24]
excluded
due to standard deviations from medians
and interquartile ranges, a sensitivity analysis did not
substantially change the results of the original analysis.
Time to first flatus was reported in 4/5 studies.
2
The heterogeneity among the trials was significant (I
= 99%, P < 0.00001), thus a random effects model
was applied. In the ERAS group, time to first flatus
was significantly reduced in comparison to those
undergoing traditional care [WMD = -19.69 h, 95%CI:
-34.63-(-4.74); P < 0.0001] (Figure 4B).

Figure 1 Preferred reporting items for systematic reviews and metaanalyses flow diagram.
2

heterogeneity among the trials (I = 0%, P = 0.93),
a fixed-effects model was applied to this metaanalysis. In the ERAS group, there was a significant
reduction in overall complications (RR = 0.66, 95%CI:
0.49-0.88; P = 0.005) (Figure 3). Using the Dindo[18]
Clavien classification , information regarding
grade Ⅰ complications and grade Ⅱ-Ⅴ complications
was available from the five studies. In the fixedeffects model, the ERAS group had significantly fewer
grade Ⅰ complications (RR = 0.51, 95%CI: 0.33-0.79;
2
P = 0.003), without heterogeneity among the trials (I
= 0%, P = 0.44) (Figure 3). However, no differences
in grade Ⅱ-Ⅴ complications were found between the
ERAS and traditional care groups (RR = 0.94, 95%CI:
0.58-1.52; P = 0.80), without heterogeneity among
2
the trials (I = 0%, P = 0.58) (Figure 3).

Publication bias

Because less than 10 studies were included in this
meta-analysis, we did not evaluate the publication
bias for ERAS programs in patients undergoing liver
surgery. In accordance with the guidelines established
by the Cochrane Handbook for Systematic Reviews,
the test for publication bias is unreliable when less
[27]
than 10 studies are included in a meta-analysis .

Secondary outcome measures

DISCUSSION

In all included RCTs, hospital LoS was reported and
was significantly shorter for the ERAS group than
the traditional care group [WMD = -2.97 d, 95%CI:
-3.18-(-2.76); P < 0.00001]. There was, however,
2
significant heterogeneity among the trials (I = 91%,
P < 0.00001). Due to this heterogeneity, a random
effects model was applied to the studies. This analysis
demonstrated that the ERAS group had a shorter

WJG|www.wjgnet.com

The aim of this meta-analysis was to evaluate the
effects of ERAS programs in comparison to traditional
care on patient recovery after liver surgery. Although
two reviews previously concluded that ERAS programs
showed lower complication rates and shorter hospital
[28,29]
LoS in patients undergoing liver surgery
, these
reviews predominantly included controlled clinical trials
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Table 1 Characteristics of included trials in this meta-analysis
Trials
Jones
Ni
Chi
Huang
Lu

Year
2013
2013
2012
2013
2014

Country
Britain
China
China
China
China

No. of patients

Age in years

Sex, M/F

ERAS

TC

ERAS

TC

ERAS

TC

46
80
63
30
135

45
80
52
30
162

64 (27-83)
48.4 ± 15.6
Total: 46.5 ± 5.8
NR
54.03 ± 11.4

67 (27-84)
50.1 ± 21.8

31/15
66/14
80/35
NR
111/24

23/22
59/21

52.55 ± 11.3

133/29

Type of surgery

ERAS items

Open, MR/mR
Open, PH
Open, PH/HH
LLR
Open, PH

19
12
10
14
13

ERAS: Enhanced recovery after surgery; HH: Hemihepatectomy; LLR: Laparoscopic liver resection; MR: Major resection ( ≥ 3 segments); mR: Minor
resection (< 3 segments); NR: Not reported; Open: Open surgery; PH: Partial hepatectomy; TC: Traditional care.

ERAS
TC
Study or subgroup
Events Total Events Total Weight
1.1.1 Overall complications
Chi 2012
15
63
16
52
21.2%
Huang 2013
1
30
3
30
3.6%
Jones 2013
8
46
14
45
17.1%
Lu 2014
7
135
12
162 13.2%
Ni 2013
24
80
37
80
44.8%
Subtotal (95%CI)
354
369 100.0%
Total events
55
82
2
2
Heterogeneity: χ = 0.84, df = 4 (P = 0.93); I = 0%
Test for overall effect: Z = 2.83 (P = 0.005)
1.1.2 Grade Ⅰ complications
Chi 2012
9
63
9
Jones 2013
3
46
12
Lu 2014
4
135
9
Ni 2013
10
80
20
Subtotal (95%CI)
324
Total events
26
50
2
2
Heterogeneity: χ = 2.70, df = 3 (P = 0.44); I = 0%
Test for overall effect: Z = 2.99 (P = 0.003)
1.1.3 Grade Ⅱ-Ⅴ complications
Chi 2012
6
63
7
Jones 2013
5
46
2
Lu 2014
3
135
3
Ni 2013
14
80
17
Subtotal (95%CI)
324
Total events
28
29
2
2
Heterogeneity: χ = 1.95, df = 3 (P = 0.58); I = 0%
Test for overall effect: Z = 0.25 (P = 0.80)
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Figure 3 Forest plot of enhanced recovery after surgery programs vs traditional care for patient complications. ERAS: Enhanced recovery after surgery; TC:
Traditional care.

or case-control studies. Therefore, the results of the
previous analyses may not be strong enough due to
a lack of sufficient data and/or the limited quality of
the clinical trials. Because additional RCTs comparing
ERAS to traditional care have been published since the
previous two studies, the present study was warranted.
This meta-analysis was performed according to the
[14]
PRISMA statement
and the results suggest that
implementation of ERAS programs is safe and effective
in liver surgery.
Compared with traditional care, ERAS programs
result in a significant reduction in overall complications,
gradeⅠcomplications and time to first flatus. Moreover,
the hospital LoS was shortened, which likely indicates a
reduction in associated hospital costs.

WJG|www.wjgnet.com

ERAS programs in colon surgery were first initiated
[3]
in 1997 by Kehlet . Over the past 17 years, ERAS
programs have received worldwide attention in patient
care, particularly after successful implementation and
promotion in the field of colorectal surgery, which
demonstrated its feasibility and superiority in clinical
applications. Several studies have reported that ERAS
programs significantly reduce both postoperative
hospital LoS and hospital cost, without increasing the
[30,31]
readmission rate, recurrence rate or mortality
.
In 2005 and 2009, consensus guidelines of ERAS
programs were developed and modified by a collective
[15,32]
of colorectal surgeons
. Despite the development
of these guidelines, ERAS programs have not been
implemented as a standard care in many other
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Figure 4 Forest plots of enhanced recovery after surgery programs vs traditional care for hospital length of stay (A) and time to first flatus (B). ERAS:
Enhanced recovery after surgery; TC: Traditional care.
[33]

is both safe and effective in hepatectomy performed
for liver cancer. ERAS reduces overall complication
rates, accelerates postoperative recovery and shortens
hospital LoS without increasing surgical complication
rates. Future studies should determine which com
ponents of ERAS are most effective for improving
outcomes in liver surgery patients.

surgical fields. After MacKay et al
published their
initial ERAS protocol for liver resection, the majority of
[12,34]
more recent studies were either observational
or
[11]
contained limited RCTs . Few studies have compared
ERAS programs with traditional care in liver surgery
patients. Moreover, principles of perioperative ERAS
and outcome measures have primarily been informed
by literature on colorectal surgery. Because features
like the patient’s physical condition, liver background,
surgical complexity and postoperative residual liver
function, are unique to liver surgery patients, liver
surgery-specific programs should be developed to
optimize ERAS protocols and outcome measures.
Although this meta-analysis included only RCTs
and resulted from a rigorous search strategy with
detailed inclusion and exclusion criteria, there are
[22,23,25]
still limitations. For example, some studies
did not provide adequate statements regarding their
random sequence generation methods and allocation
concealment, which could lead to selection bias.
Second, the nature of the surgical research often
precludes blinding of personnel and participants in
the RCT, which leads to an increased risk for both
performance and measurement bias. Factors such
as differences in basic patient characteristics, each
study’s inclusion and exclusion criteria, and the
personal experience of the surgeon may also affect,
to a certain extent, the stability of results. Finally, the
subjective nature of the chosen endpoint and variation
in data reported for outcome measures (e.g., “time
to flatus” and “length of stay”) suggest an underlying
imprecision in the reporting of both of these outcomes,
which can result in heterogeneity.
In conclusion, the results from our meta-analysis
confirm that the implementation of ERAS programs

WJG|www.wjgnet.com
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COMMENTS
Background

Enhanced recovery after surgery (ERAS) programs have been successfully
implemented in different surgical fields to improve postoperative outcomes.
Despite a number of studies evaluating ERAS programs in liver surgery, their
safety and effectiveness have not been systematically evaluated.

Research frontiers

In recent years, ERAS programs have been successfully implemented in
colorectal, gastric and gynecologic surgical procedures. ERAS programs
have also been used for hepatic surgery. This meta-analysis was performed
to evaluate the safety and effectiveness of ERAS programs on liver surgery
outcomes. The outcome measures in this study included complications, hospital
length of stay, and the time to first flatus.

Innovations and breakthroughs

The present meta-analysis indicates that ERAS programs are safe and
effective in liver surgery. ERAS reduces overall complication rates, accelerates
postoperative recovery, and shortens hospital length of stay, without increasing
surgical complication rates. Inconsistent and subjective outcome measures and
ERAS programs that were not specific to the livery surgery field still represent
limitations. Future studies should develop ERAS protocols and outcome
measures optimized for the liver surgery field.

Applications

The results of this meta-analysis demonstrated the enhanced clinical
effectiveness of ERAS programs in comparison to traditional care in liver
surgery. ERAS programs result in a significant reduction in complications and
recovery of intestinal function. Because the hospital length of stay is shortened
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after ERAS implementation, the authors infer that there is also a simultaneous
reduction in associated hospital costs. Thus, the implementation of ERAS
programs contributes to rapid postoperative recovery in liver surgery patients.
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In this meta-analysis of randomized controlled trials, the authors found a
positive impact of ERAS programs on liver surgery outcomes when compared
with traditional care. This study was well conducted and meets all of the
standard requirements for a meta-analysis. The study results are clear, reliable
and clinically relevant. The findings from this study are novel and applicable to
a wide readership audience.
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Abstract
We report a case of a 56-year-old woman with a history
of allogenic bone marrow transplantation for two
years, complaining with dysphagia and weight loss.
Upper endoscopy revealed esophageal stenosis and
extensive mucosa sloughing. Biopsies confirmed the
diagnosis of graft-vs -host disease (GVHD). Balloon
dilation, corticosteroids and cyclosporin resulted in
marked clinical improvement. Gastrointestinal tract
is involved in the majority of patients with chronic
GVHD. Esophageal manifestations are rare and include
vesiculobullous disease, ulceration, esophageal webs,
casts or strictures. Sloughing esophagitis along with
severe stenosis requiring endoscopic dilation has never
been reported in this context.
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disease (GVHD) are very rare. We report a case of
sloughing esophagitis along with severe stenosis requiring
endoscopic dilation, as a manifestation of chronic GVHD,
after allogenic bone marrow transplantation. This
manifestation has never been reported in this context.
Endoscopy may play a significant role in early diagnosis
and treatment of esophageal GVHD. Histological
examination of gastrointestinal biopsies is needed to
confirm the diagnosis.
Trabulo D, Ferreira S, Lage P, Rego RL, Teixeira G, Pereira
AD. Esophageal stenosis with sloughing esophagitis: A curious
manifestation of graft-vs-host disease. World J Gastroenterol
2015; 21(30): 9217-9222 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i30/9217.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9217

Figure 1 Skin lesions of the lower limbs, with erythematous papules and
induration areas.

and cysclosporine. The patient improved clinically and
after 10 mo of therapy, prednisolone was discontinued.
Two years after transplantation, the patient com
plained with dysphagia for solids with progressive
worsening in the last 2 wk and was referred to
Gastroenterology Department. She reported xerostomia,
anorexia and weight loss of 18 kg in 2 mo (> 20% of
total body weight). Physical exam revealed aphthous
stomatitis and skin lesions of the lower limbs, with
pruriginous and erythematous papules, desquamation
and induration areas (Figure 1). Her blood pressure,
pulse rate, and body temperature were normal.
Neurological examination was normal. Laboratory
studies revealed hemoglobin 11.5 g/dL, leucocytes
11000, albumin 2.7 g/dL, AST 82 IU/L, ALT 87 IU/L,
alkaline phosphatase 514 IU/L, GGT 282 IU/L, total
bilirubin 1.3 mg/dL, C-reactive protein 1.17 mg/dL,
international normalized ratio (INR) 1.1, antinuclear
antibody (ANA) 1:160. Hepatitis A, B and C, HIV,
cytomegalovirus, herpes and Epstein-Barr virus infections
were ruled out by serology. Based on these observations,
we considered as more probable the diagnostic
hypothesis of chronic GVHD with GI, cutaneous and liver
involvement. We also considered systemic-cutaneous
auto-immune diseases (pemphigus, pemphigoid),
infectious esophagitis, central cause dysphagia or a
paraneoplastic syndrome/LMA recurrence.
Upper GI endoscopy was performed and at 17 cm
from the dental arch, we identified a regular ring, with
5 mm in diameter, causing unsurpassable obstructive
stenosis (Figure 2). After barium instillation, we
concluded that the stenosis was 1 cm length and
®
proceeded to progressive dilation with Hercules 3
stage wire guided balloon (Cook Medical) to 13.5 mm.
After dilation, we were easily able to overcome the
stenosis and observed friability and severe extensive
detachment of the esophageal mucosa (Figure 3). In
bulbar apex and second portion of duodenum, the
mucosa was irregular with hyperemia and pearly areas
(Figure 4). Esophageal, gastric and duodenal biopsies
were obtained.
Esophageal biopsies showed increased intrae

INTRODUCTION
Graft-vs-host disease (GVHD) is a serious complication
of allogenic hematopoietic stem cell transplantation
(HSCT). It is a multisystem disorder that can involve
[1]
the skin, gastrointestinal (GI) tract and liver .
Nausea, vomiting, anorexia and diarrhea are common
manifestations of GI-GVHD, but they may also be
attributable to chemoradiation toxicity, medication side
[1,2]
effects or infections . Thus, it is difficult to establish
the diagnosis based only on clinical grounds.
Sometimes, GI-GVHD can cause life-threatening
complications such as massive diarrhea, hemorrhage,
[3,4]
paralytic ileus and perforation . Therefore, recognition
of GI-GVHD is essential for directing specific therapy.
Although endoscopy with biopsy is accurate in the
identification of GI-GVHD, several mucosal patterns can
be observed, ranging from normal to mild edema or
[2,5]
severe erythema, exudates, erosions and ulceration .
In particular, involvement of the esophagus in
chronic-GVHD (initially defined as a disorder occuring
[1]
100 d after HSCT) is not common, with only a
[5-8]
few reports found in the literature
. It can be
manifested as a vesiculobullous disease, ulceration,
web, desquamative esophagitis, esophageal cast or
[1,2,5-9]
stricture
.
We report a rare case of chronic-GVHD with
esophageal involvement, presenting with dysphagia
and weight loss, due to severe esophageal stenosis
and mucosal sloughing.

CASE REPORT
A 56-year-old woman with acute myeloid leukemia
M5b (monocitic) underwent allogenic bone marrow
transplantation (BMT). After 3 mo, she developed a fullbody skin rash and abnormal liver function tests with
increased bilirubin. She was diagnosed with acute GVHD
and was treated with prednisolone (1 mg/kg per day)
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Figures 2 Regular stenosis with 5 mm in diameter at the upper third of the esophagus (17 cm from the dental arch).

Figures 3 Friability and extensive detachment of the esophageal mucosa (esophageal mucosa sloughing) after balloon dilation.

pithelial lymphocytes, dyskeratotic squamous cells and
apoptosis of individual squamous cells, with acanthosis
and spongiosis. Congestion of the subepithelial vessels
and increased submucosal fibrosis were also observed
(Figure 5). These findings suggested the diagnosis
of GVHD. Duodenal and gastric biopsies supported
the diagnosis. Special stains for fungi and CMV were
negative. Skin biopsies also confirmed the diagnosis of
chronic GVHD.
The patient was treated with intravenous pred
nisolone 1 mg/kg per day, cyclosporine 1.5 mg/kg, 12
h/12 h and antifungal prophylaxis with posaconazole
300 mg/d. After 20 d of follow-up, she reported
marked improvement of the dysphagia, with tolerance
for solids and weight gain of 8 kg. Cutaneous lesions
and laboratory studies also improved significantly.

WJG|www.wjgnet.com

Prednisolone was maintained for 3 mo and then tapered
for a total duration of 9 mo. Immunosuppressive
therapy was maintained for 2 years.

DISCUSSION
Acute and chronic GVHD are multisystem disorders
[1]
that are common complications of allogenic HSCT .
They occur when immune cells transplanted from a
non-identical donor recognize the transplant recipient
as foreign, thereby initiating an immune reaction that
[9]
causes disease in the transplant recipient .
GVHD, the leading cause of morbidity and mortality
[2]
after HSCT , has been classically divided into acute
and chronic variants based upon the time of onset
[1]
using a cutoff of 100 d . However, this conventional
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Figures 4 Irregularity of the bulboduodenal mucosa, with hyperemia and pearly areas.

A

B

Figure 5 Microscopy. Esophageal mucosa with dyskeratotic squamous cells, apoptosis of individual squamous cells, acanthosis and spongiosis. Hematoxylin-eosin
staining, magnification × 100 (A), × 200 (B), respectively.
[11]

are present in 30% . The diagnosis is often difficult
because of the nonspecific GI symptoms. In fact, they
may also be attributable to chemoradiation toxicity,
medication side effects or a variety of bacterial, fungal
[2]
and viral infections .
Risk factors for the development of chronic GVHD
include higher degree of HLA mismatching, older age
of donor/receptor, donor and receptor gender disparity,
source of stem cells (peripheral blood rather than bone
marrow), cytomegalovirus seropositivity and prior
[1,11]
acute GVHD
. In fact, our patient developed acute
GVHD, 3 mo after BMT.
Endoscopy with biopsies remains the gold standard
[2]
for the diagnosis of GI-GVHD . The endoscopic
appearance can range from normal to edema, eythema,
erosion, ulceration and active bleeding. Histological
criteria are the presence of epitelial single-cell apoptosis
[12]
and crypt cell dropout . There is a discrepancy
between endoscopic and histologic assessment of the
[2]
severity of GI-GVHD .
Esophageal involvement in GVHD occurs in less
[13]
than 15% of BMT patients . This can be manifested
as vesiculobullous disease, esophageal cast, desqua
mative or sloughing esophagitis (esophageal dissecans
superficialis), or severe ulceration which leads to web
[1,2,5-9,13]
and stricture formation
. In patients with chronic

division has been challenged by the recognition that
signs of acute and chronic GVHD may occur outside
these designated periods. This has led to the increased
use of clinical findings, rather than a set time period,
to differentiate between acute and chronic GVHD. The
National Institute of Health consensus criteria for the
diagnosis of GVHD include an overlap syndrome in
which diagnostic or distinctive features of acute and
[1]
chronic GVHD appear together .
Clinical manifestations of acute GVHD include a
classic maculopapular rash (70%), nausea, vomiting
(and) abdominal cramps with high-volume diarrhea
(74%) and liver involvement (44%) with a rising serum
[10]
bilirubin . Patients with chronic GVHD commonly
demonstrate skin involvement (67%) resembling lichen
planus or cutaneous manifestations of scleroderma; dry
oral mucosa with ulcerations (60%); dysphagia, weight
loss, chronic diarrhea and malabsortion (30%); liver
involvement (52%) suggested by elevations in serum
alkaline phophatase and bilirubin concentrations; and
pulmonar involvement (50%) resulting in bronchiolitis
[1,11]
obliterans
. Chronic GVHD can also result in exocrine
[1,11]
pancreatic insufficiency
.
The GI tract is involved in the majority of patients
[1,11]
with chronic GVHD
. Oral lesions are seen in 60%
of patients and other areas of GI tract involvement
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Related reports

GVHD, the production of autoantibodies may alter
intercelular adhesions and cell matrix adhesion leading
[7-12]
to desquamative esophagitis and stenosis
.
We report a case of severe chronic GVHD two years
after BMT. In fact, the patient presented involvement
of the skin (erythematous papules, desquamation and
induration areas in the lower limbs), liver (altered liver
function tests) and esophagus (esophageal stricture and
mucosal sloughing). Only a few cases of esophageal
[5-9]
manifestations of GVHD were reported in literature .
Moreover, a wide area of sloughing mucosa along
with severe stenosis requiring endoscopic dilation, as
observed in the present case, has never been reported.
Therefore, we point out that this is a rare complication
of chronic GVHD, which is associated to the patient’s
background disease and its treatment - bone marrow
transplantation for acute myeloid leukemia two years
ago.
In conclusion, esophageal stenosis and sloughing
esophagitis are rare but typical manifestations of
chronic-GVHD. This diagnosis should be considered
when assessing patients with history of BMT.

Very few cases of esophageal manifestations of GVHD are reported in
literature. Sloughing esophagitis along with severe stenosis requiring
endoscopic dilation has never been reported in this context.

Experiences and lessons

This case report presents the clinical and endoscopic characteristics of an
extremely rare and curious manifestation of esophageal GVHD, which required
endoscopic intervention. Therefore, endoscopy may play a significant role in the
early diagnosis and treatment of GVHD.

Peer-review

The case report written by Trabulo et al describes a case of graft-vs-host
disease complicating a rare esophageal lesion. The case report is a unique
and interesting one, and well-described. This severe form of complication is
related to the treatment (bone marrow transplantation) of acute leukemia and
subsequent development of graft vs host disease.
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Abstract
A 91-year-old man was referred to our hospital
with intermittent dysphagia. He had undergone
esophagectomy for esophageal cancer (T3N2M0 Stage
Ⅲ) 11 years earlier. Endoscopic examination revealed
an anastomotic stricture; signs of inflammation,
including redness, erosion, edema, bleeding, friability,
and exudate with white plaques; and multiple
depressions in the residual esophagus. Radiographical
examination revealed numerous fine, gastrografinfilled projections and an anastomotic stricture. Biopsy
specimens from the area of the anastomotic stricture
revealed inflammatory changes without signs of
malignancy. Candida glabrata was detected with a
culture test of the biopsy specimens. The stricture was
diagnosed as a benign stricture that was caused by
esophageal intramural pseudodiverticulosis. Accordingly,
endoscopic balloon dilatation was performed and antifungal therapy was started in the hospital. Seven weeks
later, endoscopic examination revealed improvement in
the mucosal inflammation; only the pseudodiverticulosis
remained. Consequently, the patient was discharged.
At the latest follow-up, the patient was symptomfree and the pseudodiverticulosis remained in the
residual esophagus without any signs of stricture or
inflammation.
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Core tip: Although esophageal intramural pseudo
diverticulosis (EIPD) itself is a very rare disease, we
encountered a case of EIPD occurring in the residual
esophagus after esophagectomy. To our knowledge,
no previous reports have described EIPD as a cause of
benign stricture in esophagogastric anastomosis. The
mucosal inflammation and stricture were treated with
endoscopic balloon dilatation and anti-fungal therapy.
Herein, we report the first case of EIPD showing
anastomosis stricture 11 years after esophagectomy
was performed to treat esophageal cancer.

B

Takeshita N, Kanda N, Fukunaga T, Kimura M, Sugamoto
Y, Tasaki K, Uesato M, Sazuka T, Maruyama T, Aida N,
Tamachi T, Hosokawa T, Asai Y, Matsubara H. Esophageal
intramural pseudodiverticulosis of the residual esophagus after
esophagectomy for esophageal cancer. World J Gastroenterol
2015; 21(30): 9223-9227 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i30/9223.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9223

Figure 1 Endoscopy showing an anastomotic stricture with multiple
diverticula (arrow) and numerous white plaques (arrow).

A

INTRODUCTION
Esophageal intramural pseudodiverticulosis (EIPD)
[1]
was first described by Mendl et al in 1960. It is a
rare disease that is characterized by multiple small,
flask-shaped outpouchings of the esophageal wall.
To date, only approximately 200-300 cases of EIPD
[2,3]
have been reported worldwide . The predominant
symptom is dysphagia, which is often accompanied
by an esophageal stricture. However, to the best of
our knowledge, there has been no previous report
on EIPD developing in the residual esophagus after
esophagectomy. We report the first case of EIPD with
an anastomosis stricture that was observed 11 years
after esophagectomy, which had been performed to
treat esophageal cancer.

Figure 2 Radiological examination revealing an anastomotic stricture
(arrow) (A) and numerous fine, gastrografin-filled projections (arrow) (B).

showed a chronic, ill-looking overall appearance.
Laboratory data showed anemia (hemoglobin: 9.3
g/dl) and renal dysfunction (serum creatinine: 1.69
mg/dl).
Endoscopy of the upper gastrointestinal tract
was performed, which revealed an anastomotic
stricture, and the mucosa in the residual esophagus
exhibited chronic inflammation, showing redness,
erosion, edema, bleeding, friability, and exudate with
numerous white plaques. After washing the exudate
with plaques, multiple depressions were found, and
the endoscope could not pass the anastomosis (Figure
1). Radiographical examination revealed numerous
fine, gastrografin-filled projections and an anastomotic

CASE REPORT
A 91-year-old man was referred to our hospital
because of intermittent dysphagia. He had undergone
esophagectomy with gastric tube reconstruction and
intrathoracic anastomosis for esophageal cancer
(T3N2M0 Stage Ⅲ; using the seventh edition of
the Union for International Cancer Control TNM
classification system) 11 years earlier. No recurrence
had been observed. Other than the previous
esophageal cancer and hypertension, his medical
history was unremarkable. He had been a heavy,
regular drinker for several years. Physical examination

WJG|www.wjgnet.com

B

9224

August 14, 2015|Volume 21|Issue 30|

Takeshita N et al . Esophageal intramural pseudodiverticulosis of residual esophagus

A

A

B
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C

Figure 3 Computed tomography imaging showing the thickness of the
wall of the residual esophagus without any sign of metastatic lesions.

stricture (Figure 2). Computed tomography was
used to show the thickness of the wall of the residual
esophagus, and no metastatic lesions were observed
(Figure 3). Biopsy specimens from the area of the
anastomotic stricture revealed only inflammatory
changes without any signs of malignancy. Candida
glabrata was detected with a culture test of the biopsy
specimens. Based on these findings, the stricture
was diagnosed as a benign stricture caused by EIPD
instead of esophageal cancer recurrence; accordingly,
endoscopic balloon dilatation was performed and oral
anti-fungal therapy (amphotericin B) was started in
the hospital.
Two weeks later, endoscopic examination showed
that the dilated anastomosis remained and the
mucosal inflammation was partially improved (Figure
4a). As the symptoms had dramatically improved, the
patient was discharged. However, 3 wk after discharge,
even though endoscopic examination showed that
the dilated anastomosis still remained, the mucosal
inflammation had worsened (Figure 4b). Accordingly,
the patient was readmitted and started on micafungin
treatment by intravenous administration. Two weeks
after readmission, endoscopic examination revealed
improvement of the mucosal inflammation. Only
tiny orifices, corresponding to pseudodiverticulosis,
remained (Figure 4c). Consequently, the patient was
discharged. At the latest follow-up, the patient was
symptom-free and pseudodiverticulosis remained in
the residual esophagus without signs of stricture or

WJG|www.wjgnet.com

Figure 4 Endoscopic examination. A: Endoscopic examination revealed that
the dilated anastomosis remained and the mucosal inflammation was partially
improved; B: Three weeks after discharge, endoscopic examination revealed
that the dilated anastomosis remained, while the mucosal inflammation had
worsened; C: Two weeks after readmission, endoscopic examination revealed
improvements in the mucosal inflammation. Only tiny orifices, corresponding to
pseudodiverticulosis, remained.

inflammation.

DISCUSSION
EIPD is related to the submucosal esophageal glands,
involving cystic dilation of the excretory ducts; as a
result, it is not true diverticulosis. The etiology and
pathogenesis of EIPD need to be further clarified,
but they are thought to involve obstruction of the
esophageal mucous glands by chronic inflammation or
[4]
submucosal fibrosis . EIPD has been reported to be
associated with various risk factors, including diabetes
mellitus, esophageal candidiasis, alcohol consumption,
[4-6]
gastroesophageal reflux disease, and cancer .
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The main clinical symptom of EIPD is intermittent
dysphagia, which is often accompanied by esophageal
stricture. The possibility of severe complications,
such as esophageal perforation, has also been
[7]
reported . Radiographically, EIPD is characterized
by multiple, small, flask-shaped outpouchings in the
wall of the esophagus. The upper gastrointestinal
endoscopic findings show the presence of many tiny
pseudodiverticular openings with white plaques.
Benign anastomotic strictures after esophagectomy
are reportedly observed within a median of 5 mo
after esophagectomy (mean, 7 mo; range: 8 d to 36
mo) and are preferably treated by endoscopic balloon
dilatation. In one study, the overall clinical success
rate was 99% in patients undergoing single or multiple
[8]
balloon dilatations . For EIPD, when esophageal
candidiasis or reflux esophagitis is present, medical
treatment alone is often sufficient to relieve the
[9]
symptoms and reduce EIPD . However, when there is
a stricture, endoscopic dilatation should be considered.
Treatment of a stricture with endoscopic dilatation
is effective for resolving dysphagia, but repeated
[5]
dilatation may be necessary .
In our case, the cause of the stricture was thought
to be inflammation from EIPD, and the patient’s
EIPD itself did not improve with the combination of
dilatation and oral anti-fungal therapy. Although the
anastomotic stricture and dysphagia initially improved,
the remaining endoscopic findings, including redness,
erosion, edema, bleeding, friability, and exudate with
numerous white plaques, were considered to be risk
factors for recurrence. Upon recurrence, we restarted
the anti-fungal therapy by intravenous administration
until these endoscopic inflammatory findings improved.
In other words, we observed worsening of the mucosal
inflammation and recognized the necessity of criteria
regarding the therapeutic period and effects. As in
[10]
many of the reported cases , the pseudodiverticulosis
itself did not disappear in the present case. To prevent
the recurrence of EIPD and severe complications, such
as esophageal perforation, it is important to control the
background esophageal inflammation. Therefore, it is
necessary to perform regular follow-ups of both the
symptoms and endoscopic findings of the esophageal
mucosa.
Although the presence of cancer has been reported
as a potential risk factor for EIPD, in the present case,
the patient’s esophageal cancer had been cured 11
years before EIPD was observed. As a result, we
speculate that the main cause of EIPD in this case was
esophageal candidiasis, although alcohol consumption,
malnutrition, and susceptibility to infection due to
advanced age may also have played roles. However,
if possible, any modifiable risk factors should be
removed.
In conclusion, we described an extremely rare
case of EIPD of the residual esophagus after esopha
gectomy. EIPD itself is a very rare disease, and we
have now reported the first case of EIPD occurring
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in the residual esophagus after esophagectomy.
Furthermore, to our knowledge, no previous reports
have described EIPD as a cause of benign stricture in
an esophagogastric anastomosis.

COMMENTS
COMMENTS
Case characteristics

A 91-year-old man was referred to the hospital because of intermittent
dysphagia after having undergone esophagectomy to treat esophageal cancer
11 years earlier.

Clinical diagnosis

Esophageal intramural pseudodiverticulosis of the residual esophagus.

Differential diagnosis

Recurrence of esophageal cancer.

Imaging diagnosis

Endoscopy revealed an anastomotic stricture and multiple diverticula.
Radiological examination revealed numerous fine, gastrografin-filled projections
and an anastomotic stricture.

Pathological diagnosis

Biopsy specimens of the mucosa taken from the area of the stricture showed
desquamative squamous epithelium without evidence of neoplasm. Candida
glabrata was revealed with a culture test of the biopsy specimens.

Treatment

Anti-fungal therapy was administered and endoscopic dilatation was performed.

Related reports

No previous reports have described esophageal intramural pseudodiverticulosis
(EIPD) as a cause of benign stricture found in an esophagogastric anastomosis.
This is the first reported case of EIPD showing an anastomosis stricture 11
years after esophagectomy was performed to treat esophageal cancer.

Term explanation

EIPD is a rare disease that is characterized by multiple small, flask-shaped
outpouchings of the esophageal wall. To date, only approximately 200-300
cases of EIPD have been reported worldwide.

Experiences and lessons

This case report describes a rare case of EIPD found in the residual esophagus
after esophagectomy. To prevent recurrence of EIPD and severe complications,
it is important to control the background esophageal inflammation. Hence, it
is necessary to perform regular follow-ups to evaluate both the symptoms and
endoscopic findings of the esophageal mucosa.

Peer-review

This is the first reported case of EIPD showing anastomosis stricture 11 years
after esophagectomy was performed to treat esophageal cancer.
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CASE REPORT

Rare case of adult pancreatic hemangioma and review of
the literature
Tao Lu, Cheng Yang

Abstract

Tao Lu, Cheng Yang, Department of Radiology, Sichuan
Academy of Medical Science, Sichuan Provincial People’s
Hospital, Chengdu 610072, Sichuan Province, China

Pancreatic hemangiomas are a rare type of cystic
tumor, with very few cases reported in the literature.
Herein, we present the case of a 28-year-old woman
who was admitted to our hospital for abdominal pain. A
physical examination failed to reveal any abnormalities
that could explain her symptoms. A contrast-enhanced
computed tomography showed a multilocular cyst with
moderately enhanced septa and fluid-fluid levels in the
body and tail of the pancreas. A serous cystadenoma
or pseudocyst of the pancreas was initially suspected,
and the patient underwent a subtotal pancreatectomy
and splenectomy. The pathologic diagnosis was a
pancreatic hemangioma. This is the second case of
pancreatic hemangioma with fluid-fluid levels reported
in the literature. Upon imaging, the presentation of this
tumor can resemble serous or mucinous cystadenomas,
pseudocysts of the pancreas, and side-branch type
intraductal papillary mucinous neoplasms. This report
reviews the clinical symptoms, radiologic features,
pathologic characteristics, differential diagnoses, and
treatment of this rare lesion type.
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Core tip: Pancreatic hemangioma is a rare benign tumor
that is even more rare in adults. We report a case of
pancreatic hemangioma in a 28-year-old woman. The
tumor appeared as a multilocular cyst with septa and
fluid-fluid levels in the body and tail of the pancreas.
The septa were only moderately enhanced. This is the
second reported case of fluid-fluid level in pancreatic
hemangioma. Treatment of the pancreatic hemangioma
in this case involved resection of the body and tail of
the pancreas and concurrent splenectomy.
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was healthy without any signs of recurrence after the
surgery; follow-up was for 2 years and 4 mo.

Lu T, Yang C. Rare case of adult pancreatic hemangioma
and review of the literature. World J Gastroenterol 2015;
21(30): 9228-9232 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i30/9228.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i30.9228

DISCUSSION
Vascular tumors of the pancreas, including lymphangioma,
hemangioma, hemolymphangioma, hemangiopericytoma,
hemangioblastoma and hemangiosarcoma, are rare
cystic tumors that account for 0.1% of all pancreatic
[14]
tumors . Among the least common of these, pancreatic
hemangiomas undergo three phases in children:
proliferating phase, involuting phase, and involuted
phase. When observed in adulthood, however, this
tumor type can present as a fibrofatty residuum. Adult
pancreatic hemangiomas appear as cysts lined by a
single uniform layer of endothelial cells that may be
immunoreactive for the endothelial markers CD31,
CD34, and factor Ⅷ-related antigen.
To our knowledge, only 13 other cases of pancreatic
hemangioma have been reported in the literature (Table
1). These tumors are more commonly found in female
patients (12/14; 85.71%), with an average age of
presentation at 50.64 years (range: 23-79 years). The
most common presenting symptom was abdominal or
epigastric pain (8/14; 57.14%), though hematemesis,
malaise, nausea, thrombocytopenia, dizziness, and
palpitations were also noted. The tumors ranged in size
from 3 cm to 20 cm, and were most frequently located
in the pancreatic head (7/14; 50.00%), followed by
body/tail (5/14; 35.71%), neck (1/14; 7.14%), and
the whole pancreas (1/14; 7.14%).
The majority of reported cases of pancreatic
hemangioma were identified by CT (10/14; 71.43%)
or ultrasonography (6/14; 42.86%), with magnetic
resonance imaging (MRI) utilized in some of the more
recent cases (5/14; 35.71%). By ultrasonography, the
tumor appears as a hyperechogenic mass with slow
or no blood flow, which is distinct from the abundant
blood supply of malignant neoplasms. By CT and MRI,
the tumor appears as a well-defined cystic mass,
usually alveolar or multilocular, without dilation of
the main pancreatic duct. Although hemangiomas
are thought to show strong enhancement in the
arterial phase of contrast-enhanced CT images, this
phenomenon was not detected in most of the reported
cases, including the present case. This may have been
due to the fact that blood flow through cavernous
vascular areas of cystic pancreatic tumors is slowed
[5]
by neovascularization and arteriovenous shunting .
Additionally, the arterial phase signal intensity is
influenced by the ratio of cystic to solid tumor tissue,
[9]
which impacts the relative degree of vascularity .
As a result, a diagnosis of pancreatic hemangioma
should not be ruled out solely based on poor arterial
phase enhancement on contrast-enhanced CT. With
MRI, pancreatic hemangiomas show low signal
intensity on unenhanced T1-weighted images, and
moderate to high signal intensity on T2-weighted
images. In contrast, these lesions show only moderate

INTRODUCTION
Visceral hemangiomas are common benign tumors
that are typically found in the liver, spleen, and
gastrointestinal tract. Pancreatic hemangiomas are
very rare cystic lesions that are more common in
childhood, with only a few cases in adults reported
[1-13]
in the English language literature
. These lesions
show strong contrast enhancement in arterial phase
computed tomography (CT) scans. Herein, we report
a rare case of an adult pancreatic hemangioma that
presented as a multilocular cyst with septa and fluidfluid levels and only moderate enhancement of the
septa.

CASE REPORT
A 28-year-old woman was referred to our hospital for
upper abdominal pain. Her medical history included
gestational diabetes and a caesarean section. A
physical examination failed to reveal any abnormality
that would explain her symptoms. Blood test findings,
including a complete blood count and liver function
tests, were within normal ranges. Alpha-fetoprotein
and carcinoembryonic antigen levels were also within
normal ranges, however the tumor marker CA19-9
was slightly elevated at 35.42 U/mL.
Contrast-enhanced CT of the abdomen showed
a multilocular cyst with septa and fluid-fluid levels
measuring 5.5 cm × 6.5 cm × 8.8 cm in the body
and tail of the pancreas (Figure 1). The septa were
moderately enhanced after injection of contrast agent.
The tumor compressed the spleen forward and the
left kidney backward. The left prerenal fascia was
thickened. The findings indicated a cystic lesion with
a possible solid component such as cystadenoma
or pseudocyst of the pancreas with intracystic
hemorrhage.
The patient underwent a subtotal pancreatectomy.
During the laparotomy, a multilocular mass of
approximately 8 cm × 10 cm was palpated at
the body and tail of the pancreas. The tumor was
tightly adhered to the splenic hilum; therefore, a
splenectomy was performed, as preservation of the
spleen was difficult. Gross pathologic examination
revealed a reddish tumor composed of multilocular
cysts containing intracystic hemorrhaged blood
and formation of surrounding granulation tissue.
The spleen was normal. The mass was diagnosed
upon pathology as a pancreatic hemangioma. The
postoperative course was uneventful and the patient
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Figure 1 Enhanced computed tomography images of a 28-year-old female with pancreatic hemangioma. The tumor was a multilocular cyst with septa (left;
white arrow) and fluid-fluid levels (right; black arrow).

gadolinium-enhancement with washout on delayed
phase images, and no uptake of mangafodipir, with
[8]
better delineation of the mass .
There are several differential diagnoses to
consider for pancreatic hemangioma. Pseudocysts
are also rarely enhanced upon imaging, but follow
a history of pancreatitis. Serous cystadenomas
appear as multicystic or lobular cystic lesions with
septation, typically with central calcification within
the fibrous stroma. Mucinous cystadenomas have
a smooth shape, with or without septations, and
peripheral eggshell calcification. Side-branch type
intraductal papillary mucinous neoplasms appear
as a pleomorphic cystic mass with communication
[12]
between the lesion and the main pancreatic duct .
In the present case, the CT was a multilocular cystic
mass with septa and thickening of the left prerenal
fascia with no signs of adjacent structure infiltration
or destruction of the pancreatic or common bile ducts.
Thus, we initially considered a benign lesion, such as
a serous cystadenoma or pseudocyst of the pancreas.
However, after surgery, the tumor was confirmed
to be hemangioma with surrounding inflammation,
which may explain the thickening of the left prerenal
fascia. The fluid-fluid level observed in our case is a
very rare manifestation. Only one other case reported
[12]
in the literature by Lu et al
described a pancreatic
hemangioma with fluid-fluid levels, supposing it to be
intracystic hemorrhage.
Treatments of pancreatic hemangioma vary, though

WJG|www.wjgnet.com

a conservative therapy is recommended due to their
benign nature. In children, the lesions tend to regress,
thus follow-up with no treatment is advocated.
Pancreatic hemangiomas in adults have been treated
with surgical resection because of the risk of bleeding,
as well as the fact that it can be difficult to differentiate
them from epithelial tumors of the pancreas. Tumors
located in the body and tail of the pancreas have been
treated by resection of these areas with preservation
of the spleen or by local resection. Local resection is
also a suitable option for tumors in the head of the
pancreas, rather than pancreaticoduodenectomy,
as there is no increase in operative risks and
complications and more pancreatic tissue is preserved.
In the case presented here, the tumor was located
in the body and tail of the pancreas; however, the
characteristics of the lesion were not clear prior
to surgery. Intraoperatively, the tumor was tightly
adhered to the splenic hilum. Thus, a splenectomy was
performed along with the resection of the body and tail
of pancreas.
In conclusion, pancreatic hemangiomas are rare
benign tumors that are distinct from other visceral
hemangiomas. Pancreatic hemangioma should be
considered as a differential diagnosis in cases of a
multilocular cystic pancreatic mass without obvious
enhancement and with fluid-fluid levels that may
result from intracystic hemorrhage. In addition, these
tumors lack malignant signs such as infiltration of
adjacent structures and obstruction of the pancreatic
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Table 1 Adult pancreatic hemangiomas reported in the literature since 1939
Case Year

Ref.

Age/sex

1

1939

Ranström[1]

61/F

2

1961

Ringoir et al[2]

71/F

3

1972 Colardyn et al[3]

4

1985

5

1991 Kobayashi et al[5]

30/M

6

1991 Dageförde et al[6]

79/F

7

2003

Chang et al[7]

70/F

8

2006

Plank et al[8]

36/M

9

2008 Mundinger et al[9]

45/F

10

2011

73/F

11

2011

Weidenfeld
et al[10]
Lee et al[11]

12

2013

Lu et al[12]

23/F

13

2014

Naito et al[13]

14

2015

Present case

42/M

Mangin et al[4]

62/F

Symptoms

Diagnostic imaging

Found incidentally at
N/A
autopsy
Hemetemesis, melena Abdominal plain film,
iv cholangiography

Location

Size, cm

Treatment

IHC positivity

Head

7×7

N/A

N/A

Head

15

Retrocolic
gastroenterostomy,
vagotomy
Fat-free diet,
anticholinergics
Laparotomy,
observation
PD

N/A

Observation

N/A

Subtotal P

F8

Laparotomy

N/A

Pylous-preserving PD

CD31, CD34

PD

CD31, CD34,
F8
CD34

AP, back pain

Abdominal plain film
Body/tail
N/A
angiography
Malaise, nausea,
US, ERCP, nonHead/body/ 20 × 7
thrombocytopenia
contrast CT
tail
Abdominal distention
US, CT, MRI,
Head
20
angiography
AP
US, ERCP,
Body/tail
6×3
angiography
junction
EP
CT, angiography
Body/tail
4.0 × 3.2
junction
AP
CT, MRI,
Head
3
intraoperative US
EP radiating to back
CT, MRI
Head
6.2 × 5.3
CT

5×4×3

N/A
N/A

US, CT, EUS

Uncinate
process
Neck

US, CT, MRI

Head

40/F

Found during health
examination
AP

CT, MRI

Body/tail

10

P

N/A

28/F

EP

CT

Body/tail

10 × 8

Subtotal P,
splenectomy

N/A

49/F

AP radiating to the left
back
Dizziness, palpitation

N/A

5

Central P,
pancreatogastrostomy
5×4×3
Subtotal P

N/A

AP: Abdominal pain; EP: Epigastric pain; ERCP; Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic ultrasound; F8: Factor Ⅷ-related
antigen; IHC: Immunohistochemistry; MRI: Magnetic resonance imaging; N/A: Not available; P: Pancreatectomy; PD: Pancreaticoduodenectomy; US:
Ultrasound.
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Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing

II

Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Ying-Mo Shen, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
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Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague
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Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim

III

Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
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Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Guatemala
Carlos Maria Parellada, Guatemala

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
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Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

IV

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
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Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
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Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi



Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
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Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
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Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest

VI

Qatar
Abdulbari Bener, Doha
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Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
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EDITORIAL

Iron deficiency anemia in celiac disease
Hugh James Freeman
evident since surface absorptive area in the duodenum
is reduced, in large part, because celiac disease is
an immune-mediated disorder largely focused in the
proximal small intestinal mucosa. Some studies have
also suggested that blood loss may occur in celiac
disease, sometimes from superimposed small intestinal
disorders, including ulceration or neoplastic diseases,
particularly lymphoma. In addition, other associated
gastric or colonic disorders may be responsible for
blood loss. Rarely, an immune-mediated hemolytic
disorder with increased urine iron loss may occur that
may respond to a gluten-free diet. Reduced expression
of different regulatory proteins critical in iron uptake
has also been defined in the presence and absence of
anemia. Finally, other rare causes of microcytic anemia
may occur in celiac disease, including a sideroblastic
form of anemia reported to have responded to a
gluten-free diet.
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Core tip: Iron is a critical micronutrient that may be
deficient in well-established celiac disease or be the
presenting clinical feature even in the absence of
diarrhea or weight loss. Most often, impaired duodenal
mucosal uptake of iron is evident since surface
absorptive area in the duodenum in reduced, in large
part, because celiac disease is an immune-mediated
disorder largely focused in the proximal small intestine.
Other superimposed small intestinal complications of
celiac disease may be responsible causing blood loss,
including ulceration or neoplasia. Finally, associated
gastric or colonic causes of blood loss, immunemediated hemolysis and reduced expression of different
regulatory proteins critical in iron uptake may be
present.

Abstract
Iron is an important micronutrient that may be depleted
in celiac disease. Iron deficiency and anemia may
complicate well-established celiac disease, but may
also be the presenting clinical feature in the absence
of diarrhea or weight loss. If iron deficiency anemia
occurs, it should be thoroughly evaluated, even if celiac
disease has been defined since other superimposed
causes of iron deficiency anemia may be present. Most
often, impaired duodenal mucosal uptake of iron is
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entire brush border membrane. It has the capacity
to transport iron as well as several other divalent
[18]
metals . Normally, this carrier protein functions in a
[19]
co-transport mode with univalent protons . Microcytic
anemia caused by DMT1 mutations have also been
[20]
identified in human subjects . Iron transport by
DMT1 also requires conversion of ferric iron, the
predominant dietary form, to ferrous iron by means of
ferric reductases at the apical surface of the intestinal
enterocyte prior to cellular uptake. An acidic apical
surface membrane microenvironment is also required.
Inside the enterocyte, ferritin within the cytoplasmic
compartment appears to be able to store large
amounts of iron and may be important for controlled
delivery of iron to the basolateral membrane.
Iron exits the duodenal enterocyte by means of
a different carrier protein, ferroportin, also termed
the metal transporter 1 (MTP 1). Studies have
demonstrated that this critical protein is localized
to the basolateral membrane. Iron then binds a
separate glycosylated protein, transferrin, to permit
iron delivery through the bloodstream to developing
red cells. Transferrin has the capacity to transport two
ferric ions to distant target tissues. Prior to transferrin
binding, any ferrous ions must be initially converted
to ferric ions by ferroxidases (e.g., hephaestin,
[21]
ceruloplasmin) . A deficiency of these latter oxygendependent enzymes impedes iron uptake into cells.
Excessive iron can also be stored within the liver, and
made available later for transport to maturing red
blood cells.

Freeman HJ. Iron deficiency anemia in celiac disease. World J
Gastroenterol 2015; 21(31): 9233-9238 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i31/9233.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i31.9233

INTRODUCTION
Anemia, associated with iron deficiency, is most
often due to increased blood loss, or impaired iron
absorption. Iron-deficiency anemia is often recorded in
[1]
newly diagnosed celiac disease and may persist for
[2]
variable periods after initiation of a gluten-free diet .
Iron deficiency anemia in children and adults may also
be the presenting clinical feature of celiac disease, and
[3-5]
may be the only finding present . Unfortunately, this
interesting relationship between iron deficiency anemia
and celiac disease has been poorly appreciated, even
among subspecialty physicians, including practicing
[6]
hematologists .

IRON DEFICIENCY AND ANEMIA
From a global perspective, iron-deficiency anemia
is probably the most common cause of microcytic
anemia while other causes include thalassemia,
anemia associated with chronic inflammation and
[7]
sideroblastic anemia . Iron plays a crucial role in
the heme group of hemoglobin in order to transport
oxygen. Iron is also detected in other proteins
including cytochromes and myoglobin and may play a
role in fatigue associated with iron deficiency alone in
[8-10]
the absence of anemia, especially in females
. Due
to menses, premenopausal females are at increased
risk for iron deficiency and pregnancy further increases
daily iron requirements. A separate risk group for
iron deficiency includes athletes. Blood loss from the
gastrointestinal tract has been documented in athletes
along with low grade intravascular hemolysis causing
[11,12]
increased urinary loss of iron
. Inflammation
caused by exercise may also cause iron deficiency and
[13,14]
impaired performance
. Each of these risk factors
recognized particularly in healthy women (and healthy
athletes) may occur if underlying celiac disease is also
present. As a result, the degree of iron deficiency may
be exacerbated. Although detailed epidemiological
data on iron deficiency in celiac disease are limited,
some recent studies suggest that iron deficiency may
[15,16]
[17]
be significant in both children
and adults
with
celiac disease.

REGULATION OF IRON ABSORPTION
Body iron storage levels are well maintained in a
consistent range. With iron deficiency, iron absorption
[22]
may be increased, but with iron overload, decreased .
Iron homeostasis is regulated by hepcidin discovered
[23]
almost 2 decades ago .
Hepcidin is actively synthesized by hepatocytes
and then hepatocyte secrete this protein into
circulating plasma. The concentration of hepcidin is
affected by both iron stores. Hepcidin is found mostly
in free form in the bloodstream, and is eventually
filtered by the kidneys. Hepcidin regulates iron flow
into the blood plasma by controlling the membrane
protein, ferroportin. Hepcidin first appears to bind to
ferroportin. Then, endocytosis of ferroportin occurs
followed by destruction of the hepcidin within the cell
in lysosomes. This process impairs iron absorption.
As a result, release of iron into the circulation is
prevented from both the enterocyte and hepatocyte
stores. Mutations in this ferroportin protein have been
[24,25]
described
that prevent hepcidin binding and lead
to iron overload. Hepcidin may also be controlled by
a bone marrow suppressor of hepcidin that responds
to increased erythropoietin caused by hypoxia or
[26,27]
significant bleeding
. Other possible homeostatic

IRON ABSORPTION
Iron enters the epithelial cell of the duodenal mucosa
in ferrous form through an apical or brush border
membrane transport protein termed the divalent metal
transporter (DMT1). DMT1 is a protein that spans the
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mechanisms that may not be reliant on hepcidin
include hypoxia and cellular iron deficiency. Both
may result in an increase in ferroportin that may be
independent of hepcidin control. Further information
on role of hepcidin and details on systemic iron
[28,29]
homeostasis can be found elsewhere
.

complicated by a superimposed ulcerative small bowel
disorder. Either benign mucosal ulcers, so-called nongranulomatous ulcerative jejunitis, or malignant ulcers
due to a malignant lymphoma in celiac disease may
cause occult or overt blood loss, positive fecal occult
blood tests, and if chronically present over time, iron
deficiency and anemia.

IRON DEFICIENCY IN CELIAC DISEASE

Iron deficiency and hemolysis

Reduced duodenal iron absorption

Intravascular hemolysis, usually related to an
associated autoimmune disorder, with increased
urinary iron losses should be considered. Although
[45,46]
rare
, improvement with a gluten-free diet has
been recorded, even when prior steroid treatment
[46]
failed . To screen for hemosiderin, colorimetric
methods on a collected urine sample may be con
sidered along with hematopathological review of the
peripheral blood smear. These initial studies may lead
to a more detailed hematologic evaluation.

Clinical and other features of celiac disease have
been extensively reviewed in earlier reports in this
[30,31]
journal
. Iron deficiency anemia is itself an
independent clinical manifestation of either well
established celiac disease, or may lead to its initial
recognition, especially if other causes, such as a
colonic cancer, have been excluded and iron deficiency
[32]
appears refractory to oral iron treatment . In
part, this reflects the prominent duodenal mucosal
geographic distribution of celiac disease and con
currence with the principal site of enterocyte uptake
of iron by proximal small intestinal enterocytes. As
a result of disease localized in the proximal small
intestinal mucosa, impaired duodenal iron absorption
can be expected, even if there is provision of added
oral iron. Recently, more and more emphasis has been
placed on micronutrient deficiency as a diagnostic
clue to occult celiac disease, particularly for iron, and
[33]
iron deficiency anemia . In children, iron deficiency
anemia in celiac disease is common and further
screening with tissue transglutaminase antibodies has
[16]
been strongly recommended . Interestingly, pica may
be the presenting clinical symptom of celiac disease
[34]
coupled with iron deficiency anemia in children .

Unusual causes or associations of microcytic anemia

Occasionally, microcytic anemia may be due to
other rare conditions in celiac disease. These include
occasional anemias associated with co-existent chronic
inflammatory diseases along with a rare sideroblastic
[47]
anemia associated with pyridoxine deficiency .
Interestingly, the hematologic disorder in this initial
case report of sideroblastic anemia responded
completely to a gluten-free diet. Further screening
studies for celiac disease in patients with sideroblastic
anemia should be considered. A rare disorder of iron
deficiency anemia in children with celiac disease and
pulmonary hemosiderosis has been detailed, the so[48]
called Lane-Hamilton syndrome . In this series,
the authors reported on improvement with a glutenfree diet. This contrasted with a larger series from
France of 25 pediatric cases with idiopathic pulmonary
hemosiderosis and hemoptysis. In these, 28% had
celiac disease antibodies. Most children in this study
[49]
required corticosteroids and immunosuppressants .
Finally, gastric changes have been reported in studies
[50]
[51,52]
of children
and adults
with celiac disease,
and some believe that these are complicated by
superimposed Helicobacter pylori infection and be
responsible for iron deficiency anemia.

Gastrointestinal blood loss

Reports have also appeared in celiac disease with
occult gastrointestinal bleeding as a cause of iron
[35,36]
deficiency anemia
. In a study of young males
presenting with iron deficiency anemia, peptic ulcer
[37-39]
disease was the most common finding in 30%
.
However, in this report, malignant causes were not
detected but celiac disease was subsequently diagnosed
in 4%. In celiac disease, added common causes
of blood loss should be considered. Most experts
would recommend a thorough evaluation, including
[40]
endoscopic and radiologic imaging studies . Routine
duodenal biopsies obtained during upper endoscopic
[41]
evaluation for iron deficiency
or other upper
[42]
gastrointestinal symptoms
could lead to recognition
of histopathologic changes of untreated celiac disease
in the proximal small intestinal mucosa. In a recent
report, celiac disease with iron deficiency anemia was
more likely to be observed in Caucasians, than non[43]
Caucasians . Moreover, celiacs initially manifesting
with anemia appeared to have more severe disease
[44]
than celiacs presenting with diarrhea . It should
also be noted, however, that celiac disease may be
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REGULATION OF IRON ABSORPTION IN
CELIAC DISEASE
Related to reduced mucosal surface absorptive area

Modern studies on the absorption of inorganic iron
have been limited in celiac disease. Initial, essentially
[53]
historically reported studies
evaluated the absorp
tion of iron from a 5 mg dose of ferrous iron using a
total body counter and confirmed that ferrous iron
absorption was limited in untreated celiac disease,
particularly if already iron deficient. However, improved
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absorption resulted from a gluten free diet. In celiac
disease, iron deficiency has generally been attributed
to reduced surface area, particularly in the proximal
small intestine.

5

6

Studies of iron regulatory proteins in celiac disease

Interestingly, iron regulatory proteins have been
evaluated in celiacs compared to controls and iron
[54,55]
deficient patients using duodenal biopsies
. Results
showed that DMT1, ferroportin, hephaestin and
transferrin receptor protein mRNA were increased
while body iron stores were reduced in celiac disease.
These different iron regulatory proteins were also
increased with iron deficiency (unrelated to celiac
disease) suggesting that the upregulation in iron
absorption capacity that appears to occur in celiac
disease is primarily due to iron deficiency per se, while
increased enterocyte proliferation in celiac disease does
[54]
not have a specific effect on iron uptake regulation .
In contrast, a recent study showed that expression of
DMT1 and ferroportin are increased in celiac disease
[55]
with or without iron deficiency . In this study, ferritin
expression was also found to be increased in celiac
disease, but only in those with iron deficiency.

7
8

9

10

11

12

CONCLUSION
Iron is a key micronutrient that may be depleted in
children and adults with celiac disease. Iron deficiency
anemia may also complicate well-defined celiac
disease, or actually represent the initial extra-intestinal
clinical feature. Iron deficiency anemia should lead to
careful exclusion of other common causes, such as
colon cancer. Even with well-established celiac disease,
other superimposed causes should be excluded,
including occult lymphoma. In celiac disease, impaired
iron uptake from the duodenal lumen is the most likely
cause, even if other common features of classical celiac
disease, such as diarrhea or weight loss, are absent.
Although reduced duodenal mucosal surface area in
unrecognized and untreated celiac disease may be
present, recent studies have also evaluated duodenal
biopsies from celiac disease patients in the presence
and absence of anemia and documented reduced
expression of important iron regulatory proteins.
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EDITORIAL

Oral Campylobacter species: initiators of a subgroup of
inflammatory bowel disease?
Li Zhang
of zoonotic origin but are human oral Campylobacter
species. Bacterial species usually cause diseases in the
location where they colonize. However, C. concisus and
other oral Campylobacter species are associated with
IBD occurring at the lower parts of the gastrointestinal
tract, suggesting that these Campylobacter species may
have unique virulence factors that are expressed in the
lower parts of the gastrointestinal tract.
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Core tip: The human oral cavity is a reservoir of a
number of Campylobacter species. Accumulated evidence
suggests that some oral Campylobacter species such as
Campylobacter concisus may be initiators of a subgroup
of human inflammatory bowel disease.
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INFLAMMATORY BOWEL DISEASE
Inflammatory bowel disease (IBD) is a group of chronic
relapsing inflammatory diseases of the gastrointestinal
tract. The most common clinical types of IBD are
Crohn’s disease (CD) and Ulcerative colitis (UC);
the two forms of IBD differ in clinical presentation,
distribution of inflammation in the gastrointestinal
[1]
tract, endoscopic appearance and histology . The
cause of IBD is not well understood. It is thought

Abstract
In recent years, a number of studies detected a signi
ficantly higher prevalence of Campylobacter species such
as Campylobacter concisus (C. concisus ) in intestinal
biopsies and fecal samples collected from patients
with inflammatory bowel disease (IBD) compared to
controls. Most of these Campylobacter species are not
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species, which have co-evolved with the host’s
mucosal immune system, most likely are exacerbators
in the pathogenesis of IBD.
IBD is a group of diseases that have similar clinical
manifestation and histopathology. Given this, the
initiators of IBD may consist of several agents that
have some common virulence factors. Individual
cases may be initiated predominantly by one initiator
bacterial species or by more than one initiator. The
chronic and recurring nature of IBD suggests that IBD
patients are frequently exposed to these initiators.
CD can occur at any part of the gastrointestinal tract,
suggesting that some initiators are present in the
upper gastrointestinal tract. Accumulated evidence
suggests that Campylobacter concisus (C. concisus)
and a number of other oral Campylobacter species are
possible initiators of a subgroup of human IBD.

that the disease occurs in individuals with genetic
predisposition when triggered by environmental
[2]
factors . The incidence of IBD is increasing world
[3]
wide . Epidemiological studies suggest that environ
mental factors play a particularly important role in the
[4,5]
increased incidence of IBD .

Bacterial factors associated
with IBD
Studies have shown that microbes in the gastro
intestinal tract play a key role in the development
of IBD. Colitis did not occur in animal models of IBD
when raised germ-free, and the intestinal inflammation
resolved in patients with CD after faecal stream
[6,7]
diversion .
Extensive research has been conducted to search
for the identities of the bacterial species that might
contribute to the development of IBD. These include
analyses of gut microbiome and investigations of
associations between individual bacterial species and
IBD. Studies of gut microbiome, which were performed
by sequencing 16S rRNA genes, detected reduced
bacterial species diversity and changed relative
abundance (dysbiosis) in inflamed mucosal tissues of
[8,9]
patients with IBD . Recent studies suggest that such
changes were due to the impact of host inflammatory
[10,11]
responses on the resident microbes
. Indeed,
bacterial species have different abilities in resisting the
responses of the immune system and some may even
use the by-products of inflammatory responses to
[10,12]
boost their growth
.
A number of individual bacterial species were found
to be associated with patients with IBD, which were
[13]
summarized in a recent review by Hold et al . Whether
the gut bacterial dysbiosis and individual bacterial
species that are associated with IBD contribute to the
pathogenesis of IBD are still under investigation.

Most of the Campylobacter
species detected in patients with
IBD are not of zoonotic origin BUT
are human oral Campylobacter
species
To date, four studies have examined the intestinal
prevalence of Campylobacter species in patients with
CD and controls using Campylobacter genus PCR;
three of which have detected a significantly higher
intestinal prevalence of Campylobacter species in
[14-17]
patients with CD as compared with the controls
.
Three studies have examined the intestinal prevalence
of Campylobacter species in patients with UC and
controls using Campylobacter genus PCR, two of which
detected a significantly higher intestinal prevalence of
Campylobacter species in patients with UC compared
[16-18]
with the controls
.
At the single species level, three studies found a
significantly higher intestinal prevalence of C. concisus
[14-16]
in patients with CD as compared to controls
. Two
studies found a significantly higher intestinal prevalence
of C. concisus in patients with UC as compared to
[16,18]
[18]
controls
. Furthermore, Mukhopadhya et al .
detected a significantly higher intestinal prevalence of C.
ureolyticus in patients with UC as compared to controls.
In these studies, a total of eight Campylobacter
species were detected, including C. concisus, Campylo
bacter showae, Campylobacter hominis, Campylobacter
gracilis, Campylobacter rectus, Campylobacter jejuni,
Campylobacter curvus and Campylobacter ureoly
[14]
ticus . C. concisus was the most commonly detected
[14-18]
species
. The majority of Campylobacter species
detected in these studies were not of zoonotic origin
but were previously reported human oral Campylo
bacter species (Table 1). These Campylobacter
species do not have strong abilities in resisting the
antimicrobial effects of bile, suggesting that the

Differential role of bacterial
species in the pathogenesis of IBD
The generally accepted concept is that IBD is caused
by multiple bacterial species. This concept may require
some refinement in order to more clearly define the
role of different bacterial species in the pathogenesis of
IBD.
It may be more informative to divide bacterial
species that are involved in the pathogenesis of IBD
into two broad categories, initiators and exacerbators.
The initiator bacterial species are those that instigate
the inflammation in the early stage of IBD, while the
exacerbator bacterial species are those that contribute
to the on-going inflammation after the intestinal
epithelial barrier is breached by a direct action of
the initiators or by the inflammation initiated by the
initiators. The dominant intestinal resident bacterial
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These observations in part explain the low isolation
rate of C. concisus from fecal samples despite the
bacterium being transported from the oral cavity to
the lower parts of the gastrointestinal tract through
[24,25]
swallowed saliva or food
. The inhibitory effect of
[23]
bile to C. concisus growth is dose dependent . This
may be one of the reasons why C. concisus was more
often detected in intestinal biopsies collected from
descending colon and rectum of patients with IBD in a
[16]
previous study by Mahendran et al . A small number
of oral C. concisus strains have greater abilities in
resisting the antimicrobial effects of low pH and bile.
The association between these strains and different
phenotypic variants of IBD are under investigation.
In addition to gastric acid and bile, another
environmental factor that may affect the colonization
of C. concisus in the intestinal tract is H2 gas. H2
gas has a great impact on C. concisus growth. In
laboratory cultivation, C. concisus does not grow under
microaerobic conditions but has a very slow growth
[26,27]
under anaerobic conditions
. The presence of H2
gas enables C. concisus to grow under microaerobic
conditions and markedly increases its growth under
[26]
anaerobic conditions . The atmospheric conditions
in the human intestinal tract are microaerobic to
anaerobic. Given this, C. concisus is likely to establish
an intestinal colonization in individuals whose intestinal
environment is able to provide a constantly available
H2 for C. concisus to use in their growth.
Normally, bacterial species cause disease in the
location where they colonize. In contrast, C. concisus
has an unusual disease association; it uses the
human oral cavity as its natural colonization site, but
is associated with IBD occurring at the lower parts of
[14-16,18]
the gastrointestinal tract
. This unusual disease
association pattern suggests that C. concisus may
have unique virulence factors that are expressed in
the intestinal environment. We previously identified
a number of putative prophages in C. concisus
[21]
genome , one of which is CON_phi2. CON_phi2
contains a gene that encodes zonula occludens toxin
[21]
(Zot) . Recently we detected the expression of Zot
in C. concisus and found that C. concisus Zot has
[28]
biological effects on Caco2 cells . Whether enteric
environmental factors affect the release of C. concisus
Zot toxin and the pathogenic mechanisms of C.
concisus Zot are current under investigation, which will
shed lights on further understanding why C. concisus,
an oral commensal bacterium, may contribute to
inflammatory diseases in the lower parts of the
gastrointestinal tract. The zot gene was also detected
in C. ureolyticus strains isolated from amniotic fluid
[29]
and vagina . Whether C. ureolyticus strains isolated
from the oral cavity of patients with IBD have the zot
gene and the pathogenicity of C. ureolyticus Zot are
currently under investigation, which may reveal a
common pathogenic mechanism shared by a number
of Campylobacter species.

Table 1 Most of Campylobacter species detected in the
intestinal biopsies and fecal samples collected from patients
with inflammatory bowel disease and controls are not of
zoonotic origin but are human oral Campylobacter species
Campylobacter
species

C. concisus
C. showae
C. hominis
C. gracilis
C. jejuni
C. ureolyticus
C. curvus
C. rectus

Human oral
bacteria

2% ox-bile
resistance

Urease
activity

Motile

Yes
Yes
No
Yes
No
Yes
Yes
Yes

14%-50%
60%-93%
60%-93%
-

50%-100%
-

Yes
Yes
No
No
Yes
No
Yes
Yes

Information was obtained from[14-18,23,27,32,33]. Campylobacter jejuni (C. jejuni)
refers to C. jejuni subsp. jejuni. C. ureolyticus has been isolated from
various clinical sources including dental samples. - indicates 0%-11%
positivity.

intestinal tract is not an optimal colonization site for
these Campylobacter species in general (Table 1). C.
concisus has a better ability in resisting bile compared
to other oral Campylobacter species, about half of
the C. concisus strains were able to grow in the
presence of 2% ox bile (Table 1). Some C. ureolyticus
strains are urease positive (Table 1). Of the six oral
Campylobacter species detected in intestinal tissues,
four species are motile (Table 1).

PATHOGENIC MECHANISMS OF
C. CONCISUS AND OTHER ORAL
CAMPYLOBACTER SPECIES
We hypothesized that some oral C. concisus strains
may play a role in the development of IBD in 2010
and conducted continuous research to investigate this
[19]
in the following years . If C. concisus is involved in
IBD, it is most likely an initiator. Indeed C. concisus
does not appear to have strong abilities in resisting
an inflammatory environment; there was a lower
prevalence of this bacterium in areas with more severe
inflammation compared to areas with less severe
[14,20]
inflammation
. However, these Campylobacter
species live in the human oral cavity, they may
repeatedly colonize the lower parts of the intestinal
tract.
Studies suggest that the enteric pathogenicity
of C. concisus may be determined by both the
characteristics of individual strains and an individual’s
intestinal environment. C. concisus normally colonizes
[19,21]
the human oral cavity
, some individuals are
colonized with multiple oral C. concisus strains, which
[22]
was more often seen in patients with active IBD .
C. concisus strains are very sensitive to low pH; most
of the swallowed C. concisus bacteria are likely to
have been killed by the acidic gastric juice. Bile is
[23]
also a great inhibitor to the growth of C. concisus .
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microbiota.
The second suggestion is to eradicate C. concisus
and other oral Campylobacter species using antibiotics
in patients with IBD, particularly in patients with
frequent relapses and multiple surgeries. We pre
viously found that C. concisus was not detected
in saliva samples collected from IBD children who
received metronidazole or ciprofloxacin one month
[31]
prior . However, C. concisus was detected in most of
saliva samples (6/7, 86%) collected from IBD children
[31]
who had antibiotics treatment two months prior .
These data showed that the two antibiotics that were
used in treatment of some cases of IBD, metronidazole
and ciprofloxacin, only had inhibited the growth of
oral C. concisus or eradicated it from the oral cavity
temporarily. An effective antibiotic therapy that can be
used to eradicate C. concisus needs to be developed.
Prior to using a given antibiotic to treat patients with
IBD, whether the antibiotic induces C. concisus and
other oral Campylobacter species to produce prophage
toxins should also be examined.

KOCH’S POSTULATES AND THE ROLE
OF C. CONCISUS IN IBD
A question that we have often encountered in
examining the role of C. concisus in IBD was whether
the relationship between this bacterium and IBD has
fulfilled Koch’s postulates. In 1880s, Robert Koch
proposed some criteria, which were called Koch’s
postulates, to determine the causative relationship
between a microbe and a disease. Despite its
contribution to the development of microbiology, these
postulates have limitations, which have been discussed
[30]
by other researchers . IBD is not a single disease
and C. concisus is not a typical pathogen. C. concisus
is a bacterium that is present in everyone’s oral cavity
and some strains have acquired additional virulence
factors such as toxins encoded by prophages. The
pathogenicity of this bacterium is determined not
only by the virulence of individual strains but also an
individual’s gastrointestinal environmental factors.
Given this, Koch’s postulates are not suitable to assess
the relationship between C. concisus and IBD.

Future studies
importance of identifying
bacterial species that initiate
IBD and suggestions to consider
C. concisus and other oral
campylobacter species as a
target in management of human
IBD

Accumulated evidence suggests that translocation of C.
concisus and other Campylobacter species from their
natural colonization site, the oral cavity, to the lower
parts of the gastrointestinal tract may initiate mucosal
inflammation there. Further studies investigating
the unique pathogenic mechanisms of C. concisus
and other oral Campylobacter species are needed,
which will shed light on the understanding of how oral
Campylobacter species may initiate the development
of chronic mucosal inflammatory conditions such as
IBD. Diagnostic methods that can accurately identify
IBD cases which are caused by translocation of C.
concisus or other oral Campylobacter species should
be developed. In addition, effective therapies in
reducing or eradicating oral Campylobacter species
should be established. These strategies will provide
useful information in assisting the clinical management
of individual IBD cases.

Due to the unknown identities of bacterial species
that initiate the disease, the treatment of IBD is
predominantly symptomatic management, involving
anti-inflammation and suppression of patient’s immune
system. As a result, relapse in IBD is frequent and in
some cases, surgery is required. As IBD is a group of
diseases, it is important to identify initiators that are
responsible for individual cases, which will enable the
development of treatment strategies that are suitable
for individual patients to reduce relapse and surgery.
Some strategies targeting C. concisus and other
oral Campylobacter species may be incorporated into
IBD management. One suggestion is to reduce the
load of C. concisus and other Campylobacter species
in the oral cavity using topical treatments. Oral cavity
is the natural colonization site of C. concisus and a
number of other Campylobacter species detected in the
intestinal tissues of patients with IBD. Reduction of the
load of C. concisus and other Campylobacter species in
the oral cavity reduces the possibility of these bacteria
colonizing the lower parts of the gastrointestinal tract.
The main advantage of this strategy is that it is noninvasive and unlikely to disturb the balance of intestinal
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EDITORIAL

Treatment of hemorrhoids: A coloproctologist’s view
Varut Lohsiriwat
defecation with or without prolapsing anal tissue.
Generally, hemorrhoids can be divided into two types:
internal hemorrhoid and external hemorrhoid. External
hemorrhoid usually requires no specific treatment unless
it becomes acutely thrombosed or causes patients
discomfort. Meanwhile, low-graded internal hemorrhoids
can be effectively treated with medication and nonoperative measures (such as rubber band ligation and
injection sclerotherapy). Surgery is indicated for highgraded internal hemorrhoids, or when non-operative
approaches have failed, or complications have occurred.
Although excisional hemorrhoidectomy remains the
mainstay operation for advanced hemorrhoids and
complicated hemorrhoids, several minimally invasive
operations (including Ligasure hemorrhoidectomy,
doppler-guided hemorrhoidal artery ligation and stapled
hemorrhoidopexy) have been introduced into surgical
practices in order to avoid post-hemorrhiodectomy
pain. This article deals with some fundamental know
ledge and current treatment of hemorrhoids in a
view of a coloproctologist - which includes the ma
nagement of hemorrhoids in complicated situations
such as hemorrhoids in pregnancy, hemorrhoids in
immunocompromised patients, hemorrhoids in patients
with cirrhosis or portal hypertension, hemorrhoids in
patients having antithrombotic agents, and acutely
thrombosed or strangulated hemorrhoids. Future
perspectives in the treatment of hemorrhoids are also
discussed.
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Core tip: Hemorrhoids is a very common anorectal
disease defined as the symptomatic enlargement and/
or distal displacement of anal cushions. Apart from
abnormally dilated vascular channel and destructive
changes in supporting tissue within anal cushions,
there is emerging evidence that hemorrhoids is
associated with hyperperfusion state of anorectal

Abstract
Hemorrhoids is recognized as one of the most common
medical conditions in general population. It is clinically
characterized by painless rectal bleeding during
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region and some degree of tissue inflammation.
This article comprehensively and thoroughly reviews
the pathophysiology, clinical diagnosis, and current
treatment of hemorrhoids - which includes dietary and
lifestyle modification, pharmacological approach, officebased procedures and operations for hemorrhoids (such
as hemorrhoidectomy and other non-excisional surgery).
The management of hemorrhoids in complicated
situations is also addressed.

CONTEMPORARY PATHOPHYSIOLOGY
OF HEMORRHOIDS
The exact pathophysiology of hemorrhoids is poorly
understood. Currently, hemorrhoids is the pathologic
term describing symptomatic and abnormally downward
[2]
displacement of normal anal cushions . As a result of
destructive changes in the supporting connective tissue
and abnormal blood circulation within anal cushions,
the sliding anal cushions embrace abnormal dilation
and distortion of hemorrhoid plexus. A recent study
of morphology and hemodynamic of arterial supply
to the anal canal revealed a hyperperfusion state of
[10]
hemorrhoidal plexus in patients with hemorrhoids ,
suggesting the dysregulation of vascular tone within
[1,2]
hemorrhoid tissue . Moreover, it was evident that
hemorrhoidal tissue contained some inflammatory
[11]
[12]
cells
and newly-formed microvessels . For circum
ferential prolapsing hemorrhoids, these might be related
[13]
to an internal rectal prolapse . In conclusion, although
the true pathophysiology of hemorrhoid development
[2]
is unknown, it is likely to be multifactorial - including
sliding anal cushion, hyperperfusion of hemorrhoid
plexus, vascular abnormality, tissue inflammation
and internal rectal prolapse (rectal redundancy). The
different philosophies of hemorrhoid development
may lead to different approaches to the treatment of
[2]
hemorrhoids .

Lohsiriwat V. Treatment of hemorrhoids: A coloproctologist’s
view. World J Gastroenterol 2015; 21(31): 9245-9252 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i31/9245.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i31.9245

INTRODUCTION
Hemorrhoids is a very common anorectal disease
defined as the symptomatic enlargement and/or
[1,2]
distal displacement of anal cushions
, which
are prominences of anal mucosa formed by loose
connective tissue, smooth muscle, arterial and venous
[3]
vessels . The true prevalence of hemorrhoids is
unknown; however, recent evidence has suggested
an increasing prevalence of hemorrhoids over time.
In 1990, an epidemiologic study of hemorrhoids in
the United State revealed a prevalence rate of 4.4%,
st
whereas some reports in the 21 century from South
Korea and Austria yielded a prevalence of hemorrhoids
[4]
[5]
in adult population of 14.4% and 38.9% , respec
tively. It has been estimated that 25% of British
people and 75% of American citizens will experience
[6,7]
hemorrhoids at some time in their lives , especially
in pregnant women and elderly adults.
People with hemorrhoids, and those wrongly
thought to have hemorrhoids, had a tendency to use
self-medication rather than to seek proper medical
[8]
attention . According to the Google’s annual roundup
in 2012 (Google Zeitgeist), hemorrhoids was the
top trending heath issue in the United State, ahead
of gastroesophageal reflux disease and sexually
transmitted disease. Unfortunately, the quality of
information about hemorrhoids treatment on the
internet was greatly variable and almost 50% of
[9]
websites were of poor quality . Clinicians should
therefore advise and treat patients with hemorrhoids
with evidence-based medicine and the standard
of care. Practically, most patients with low-graded
hemorrhoids can be effectively treated with nonoperative measures by either primary care physician,
gastroenterologist or general surgeon in an outpatient
setting. Surgery is indicated for high-graded hemorr
hoids, or when non-operative approaches have
[2]
failed, or complications have occurred . This article
deals with some fundamental knowledge and
current treatment of uncomplicated and complicated
hemorrhoids in a view of a coloproctologist.

WJG|www.wjgnet.com

RISK FACTORS FOR HEMORRHOIDS
Several risk factors have been claimed to be the
etiologies of hemorrhoid development including aging,
obesity, abdominal obesity, depressive mood and
[4]
pregnancy . Meanwhile, some conditions related to
increased intraabdominal pressure, such as constipation
and prolonged straining, are widely believed to cause
hemorrhoids as a result of compromised venous
[14]
drainage of hemorrhoid plexus . Some types of
food and lifestyle, including low fiber diet, spicy foods
and alcohol intake, was reported to link with the
development of hemorrhoids and the aggravation of
[15]
acute hemorrhoid symptoms .

DIAGNOSIS AND CLASSIFICATION OF
HEMORRHOIDS
The most common presentation of hemorrhoids is
painless rectal bleeding during defecation with or without
prolapsing anal tissue. The blood is normally not mixed
in stool but instead coated on the outer surface of stool,
or it is seen during cleansing after bowel movement.
The blood is typically bright red since hemorrhoid
[10]
plexus has direct arteriovenous communication .
Patients with complicated hemorrhoids such as acutely
thrombosed external hemorrhoids and strangulated
internal hemorrhoids may present with anal pain and
lump at the anal verge. It is uncommon that patients
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Grade 1

Grade 2

Grade 3

Grade 4

Complicated

Dietary and lifestyle modification
(such as high-fiber diet, laxatives, hydration, avoidance of straining)
Medication
(topical or systemic)
Office-based procedure
(such as banding, sclerotherapy)
Non-excisional operation
(such as DG-HAL, SH/PPH)
Excisional operation
(such as open and closed hemorrhoidectomy)

Figure 1 Current treatment of internal hemorrhoids based on their severity and degree of prolapse. DG-HAL: Doppler-guided hemorrhoidal artery ligation; SH:
Stapled hemorrhoidopexy; PPH: Procedure for prolapse and hemorrhoids.

with uncomplicated hemorrhoid manifest any anal pain.
In fact, severe anal pain in patient with hemorrhoids is
[2]
more likely due to anal fissure and anorectal abscess .
A precise history and thorough physical exam
ination, including digital rectal examination and
anoscopy, are imperative for the diagnosis of hemo
rrhoids. Unless bright red blood is clearly seen from
hemorrhoids, any patients with rectal bleeding
should be scheduled for flexible sigmoidoscopy or
colonoscopy, especially those being at risk of colorectal
[1,2]
cancer .
Hemorrhoids are generally classified by their
location; internal (originates above the dentate line
and covered by anal mucosa), external (originates
below the dentate line and covered by anoderm) and
mixed type. Internal hemorrhoids are further graded
based on their appearance and degree of prolapse:
(1) Grade Ⅰ: non-prolapsing hemorrhoids; (2) Grade
Ⅱ: prolapsing hemorrhoids on straining but reduce
spontaneously; (3) Grade Ⅲ: prolapsing hemorrhoids
requiring manual reduction; and (4) Grade Ⅳ: nonreducible prolapsing hemorrhoids which include acutely
[16]
thrombosed, incarcerated hemorrhoids .

it becomes acutely thrombosed or causes patient
discomfort.

Dietary and lifestyle modification

A meta-analysis of 7 clinical trials comprising of
378 patients with hemorrhoids showed that fiber
supplement had a consistent benefit of relieving
symptom and minimizing risk of bleeding by appro
[17]
ximately 50% . Although there is relatively little
information of the efficacy of dietary and lifestyle
modification on the treatment of hemorrhoids, many
physicians include advice on dietary and lifestyle
modification as a part of conservative treatment of
hemorrhoids and as a preventive measure. The advice
usually includes increasing the intake of dietary fiber
and oral fluid, having regular exercise, refraining from
straining and reading on the toilet, and avoiding drug
causing constipation or diarrhea.

Medical treatment

The main goal of medical treatment is to control acute
symptoms of hemorrhoids rather than to cure the
underlying hemorrhoids. There are several modern
drugs and traditional medicine used which are available
in a variety of format including pill, suppository,
cream and wipes. However, the published literature
lacks strong evidence supporting the true efficacy of
topical treatment for symptomatic hemorrhoids. For
an oral preparation, flavonoids are the most common
[18]
phlebotonic agent used for treating hemorrhoids .
It is apparent that flavonoids could increase vascular
tone, reduce venous capacity, decrease capillary
permeability, facilitate lymphatic drainage and has
[2]
anti-inflammatory effects . A large meta-analysis
of phlebotonics for hemorrhoids in 2012 showed
that phlebotonics had significant beneficial effects on
bleeding, pruritus, discharge and overall symptom

MANAGEMENT OF HEMORRHOIDS
Treatment options mainly depend on the type and
severity of hemorrhoids, patient’s preference and
the expertise of physicians. Low-graded internal
hemorrhoids are effectively treated with dietary and
lifestyle modification, medical treatment and/or officebased procedures such as rubber band ligation and
sclerotherapy (Figure 1). An operation is usually
indicated in low-graded hemorrhoids refractory to
non-surgical treatment, high-graded hemorrhoids,
[2]
and strangulated hemorrhoids . Meanwhile, external
hemorrhoid requires no specific treatment unless
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improvement. Phlebotonics also alleviated post[19]
hemorrhoidectomy symptoms .

addition, perioperative care for hemorrhoids has been
[1,27]
significantly improved
.
Surgical excision of hemorrhoids can be done by a
variety of instrument such as a scalpel, scissors (Figure
TM
2A), a cautery device, and more recently Ligasure a vessel sealing device (Figure 2B). A recent Cochrane
Review demonstrates that Ligasure hemorrhoidectomy
resulted in shorter operative time, less postoperative
pain, and shorter convalescence period when compared
[28]
to conventional hemorrhoidectomy . Meanwhile,
there was no significant difference in postoperative
complications and long-term outcomes between
the two techniques. Excisional hemorrhoidectomy
can be performed safely in a day-case basis under
[29]
the perianal infiltration of local anesthetics , or
regional anesthesia, or general anesthesia. It is
evident that some medications could decrease posthemorrhoidectomy pain such as perioperative analgesia
[30]
with oral non-steroidal anti-inflammatory drugs
and
[31]
[32]
gabapentin , topical administration of sucralfate
or
[33]
metronidazole , and postoperative administration of
[19]
phlebotonic drugs .
Non-excisional operation for hemorrhoids includes
doppler-guided hemorrhoidal artery ligation (DG-HAL)
or known as transanal hemorrhoidal dearterialization
(THD), and plication of hemorrhoids (or known as
ligation anopexy or mucopexy). DG-HAL has been
introduced into a surgical practice to cut off the
blood supply to hemorrhoids without the need of
hemorrhoid removal. It involves the surgical ligation
of terminal branches of superior hemorrhoidal artery
causing shrinkage of hemorrhoid bundles. Plication
of hemorrhoids is often performed with DG-HAL
to control the prolapse more effectively. However,
the recurrence rate following DG-HAL was up to
60% for grade Ⅳ hemorrhoids. DG-HAL is therefore
considered as one of the effective operations only for
grade Ⅱ-Ⅲ hemorrhoids with a one-year recurrence
[34]
rate of 10% for prolapse and 10% for bleeding .
Notably, DG-HAL is not a totally painless operation
as approximately 20% of patients experienced
[34]
postoperative pain especially during the defecation .
Meanwhile, a ligation anopexy or mucopexy was also
demonstrated to be a good alternative to excisional
hemorrhoidectomy for grade Ⅱ -Ⅲ hemorrhoids,
with shorter operative time and lower postoperative
[35]
pain . Given the fact that there is the possibility
of revascularization and recurrent prolapse, further
studies on the long-term outcomes of non-excisional
operations for hemorrhoids are needed.
Stapled hemorrhoidopexy, also known as a proce
dure for prolapse and hemorrhoids (PPH), is an
alternative operation for treating advanced internal
hemorrhoids. A circular staple device is used to
excise a ring of redundant rectal mucosa just above
hemorrhoid bundles - not hemorrhoids per se. By
doing this, prolapsing hemorrhoids will be repositioning
(hemorrhoidopexy) and shrinking (due to a partial

Office-based procedures
Many office-based procedures (such as rubber
band ligation, injection sclerotherapy, infrared
coagulation, cryotherapy, radiofrequency ablation
and laser therapy) are effectively performed for
grade Ⅰ- Ⅱ hemorrhoids and some cases of grade Ⅲ
hemorrhoids with or without local anesthesia. Among
several office-based procedures, rubber band ligation
(RBL) appeared to have the lowest incidence of
[20]
recurrent symptom and the need for retreatment .
RBL is also the most popular non-surgical intervention
[21]
for hemorrhoids performed by surgeons . It is a
relatively safe and painless procedure with minimal
complication. However, RBL is contraindicated in
patient with anticoagulants or bleeding disorder,
and those with concurrent anorectal sepsis. With a
technical note, the proper position of rubber band
should be at the base of hemorrhoid bundle or over
the bleeding site, but not too close to the dentate line.
Vacuum suction ligator may offer clearer visualisation
of hemorrhoids and more precise placement of
banding when compared to a traditional forcep
[22]
ligator . Multiple sites and serial sessions of banding
may be required for large internal hemorrhoids.

Operative treatment

Surgical intervention is usually required in low-graded
hemorrhoids refractory to non-surgical treatment,
high-graded symptomatic hemorrhoids, and hemorr
hoids with complication such as strangulation and
thrombosis. An operation for hemorrhoids may be
performed if patient has other concomitant anorectal
conditions requiring surgery, or due to patient’s
preference.
An ideal operation for hemorrhoids should remove
internal and external component of hemorrhoids
completely, have minimal postoperative pain and
complication, demonstrate less recurrence, and are
easy to learn and perform. The procedure could be
cheap and cost-effective too. Unfortunately, none of
the currently available operation achieves all the ideal
conditions. So far, excisional hemorrhoidectomy is
the mainstay operation for grade Ⅲ-Ⅳ hemorrhoids
and complicated hemorrhoids. Of note, closed
(Ferguson) hemorrhoidectomy and open (MilliganMorgan) hemorrhoidectomy were equally effective and
[23,24]
safe
, but the Ferguson method was superior to the
Milligan-Morgan method in term of long time patient
[25]
satisfaction and continence . Nevertheless, both
[26]
techniques may lead to severe postoperative pain .
In order to minimize or avoid post-hemorrhoidectomy
pain, more recent approaches including Ligasure
hemorrhoidectomy, doppler-guided hemorrhoidal
artery ligation and stapled hemorrhoidopexy have been
adopted into the surgical treatment of hemorrhoids. In
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A

B

Figure 2 Hemorrhoidectomy by (A) scissors and (B) Ligasure TM - a vessel sealing device.

hemorrhoids may become necrotic and drain. This
situation is quite difficult to treat particularly in a case
of extensive strangulation or thrombosis (Figure 3A),
or the presence of underlying circumferential prolapse
of high-graded hemorrhoids. Manual reduction of
the hemorrhoid masses, with or without intravenous
analgesia or sedation, might help reducing pain and
tissue congestion. Urgent hemorrhoidectomy is usually
required in these circumstances. Unless the tissues are
necrotic, mucosa and anoderm should be preserved
as much as possible to prevent postoperative anal
stricture. In expert hands, surgical outcomes of urgent
hemorrhoidectomy were comparable to those of
[40]
elective hemorrhoidectomy .

interruption of blood supply to hemorrhoid plexus). A
recent systematic review of 27 randomized controlled
trials demonstrated that, compared with conventional
hemorrhoidectomy, stapled hemorrhoidopexy had
less pain, shorter operative time, and quicker patient’
s recovery of patient, but a significantly higher
[36]
rate of prolapse and reintervention for prolapse .
Interestingly, the latest meta-analysis comparing
surgical outcomes between stapled hemorrhoidopexy
and Ligasure hemorrhoidectomy in 2013 revealed that
both surgical techniques were practically comparable
- with a slightly favorable immediate postoperative
results and technical advantages for Ligasure hemor
[37]
rhoidectomy .
Given the fact that stapled hemorrhoidopexy did
not offer any significant advantages over Ligasure
[37]
hemorrhoidectomy
and it is a relatively expensive
operation which may cause serious postoperative
complications such as rectal stricture and rectal
[38]
[39]
perforation
as well as severe chronic anal pain ,
stapled hemorrhoidopexy should be reserved for
patients with circumferential prolapsing hemorrhoids
[2]
and it must be performed by a well-trained surgeon .

Acutely thrombosed external hemorrhoids

Acutely thrombosed external hemorrhoids often
develop in patients with acute constipation, or those
with a recent history of prolonged straining. A painful
bluish-colored lump at the anal verge is a paramount
finding (Figure 3B). The severity of pain is most
intense within the first 24-48 h of onset. After that, the
thrombosis will be gradually absorbed and patients will
experience less pain. As a result, surgical removal of
acute thrombus or excisional hemorrhoidectomy may
be offered if patients experience severe pain especially
within the first 48 h of onset. Otherwise, conservative
measure will be exercised including pain control, warm
sitz baths, and avoidance of constipation or straining. A
resolving thrombosed external hemorrhoid could leave
behind as a residual perianal skin tag -which may or

SPECIFIC CONSIDERATION
Acutely thrombosed or strangulated internal
hemorrhoids

Patients with acutely thrombosed or strangulated
internal hemorrhoids usually present with severely
painful and irreducible hemorrhoids. The incarcerated
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A

form bleeding anorectal varices because the latter can
be managed by suture ligation along the course of
varices, transjugular intrahepatic portosystemic shunt,
[1]
or pharmacological treatment of portal hypertension .
Since a majority of bleeding hemorrhoids in such patients
is not life threatening, conservative measure with the
correction of any coagulopathy is a preferential initial
approach. Of note, rubber band ligation is generally
contraindicated in patients with advanced cirrhosis due
to the risk of profound secondary bleeding following
the procedure. Injection sclerotherapy is an effective
and safe procedure for treating bleeding hemorrhoids
in this situation. In a refractory case, suture ligation at
the bleeder is advised. Hemorrhoidectomy is indicated
when bleeding hemorrhoids are refractory to other
approaches.

B

Figure 3 Complicated hemorrhoids. A: Strangulated internal hemorrhoid; B:
Acutely thrombosed external hemorrhoid.

may not require a subsequent excision.

Hemorrhoids in patients having anticoagulant or
antiplatelet drugs

Hemorrhoids in pregnancy

Hemorrhoids are very common during pregnancy
[41]
especially in the third trimester . Acute crisis such
as profound bleeding and irreducible prolapsing
may be found in pregnant women with pre-existing
hemorrhoids. Since hemorrhoids and its symptoms
will gradually resolve after giving birth, the primary
goal of treatment is to relief acute symptoms related
to hemorrhoids - mostly by means of dietary and
lifestyle modification. Kegel exercises, lying on left
side, and avoidance of constipation could reduce
the episode and severity of bleeding and prolapse.
Fiber supplement, stool softener and mild laxatives
are generally safe for pregnant women. Topical
medication or oral phlebotonics may be used with
special caution because the strong evidence of their
safety and efficacy in pregnancy is lacking. In case of
massive bleeding, anal packing could be a simple and
useful maneuver. Hemorrhoidectomy is reserved in
strangulated or extensively thrombosed hemorrhoids,
and hemorrhoids with intractable bleeding.

Anticoagulant or antiplatelet drugs may promote
anorectal bleeding in patients with hemorrhoids and
[45]
increase risk of bleeding after banding or surgery .
Unless the bleeding is persistent or profound,
the discontinuity of antithrombotic drugs may be
unnecessary because most of the bleeding episodes
are self-limited and stop spontaneously. Conservative
measure is therefore the mainstay treatment in these
patients. Injection sclerotherapy is a preferential
treatment for bleeding low-graded hemorrhoids
refractory to medical treatment. Rubber band ligation
is not recommended in patients with the current use
of anticoagulant or antiplatelet drugs due to the risk
of secondary bleeding. If banding or any form of
surgery for hemorrhoids is scheduled, the cessation of
anticoagulant or antiplatelet drugs about 5-7 d before
[46]
and after the procedure is suggested .

Hemorrhoids in immunocompromised patients

To date, it is obvious that, apart from oral flavonoidsbased phlebotonic drugs, currently available medi
cation for hemorrhoids has no or limited beneficial
[19]
effects on bleeding and prolapsing . Since emerging
evidence has suggested that perivascular inflammation,
dysregulation of the vascular tone and vascular hyper
plasia could play an important role in the development
[2]
of hemorrhoids , the microcirculatory system of
hemorrhoid tissue could be a potential and robust
target for medical treatment. The combinations of
vasoconstrictive and venoconstrictive agents, with
or without anti-inflammatory drugs, might be a new
pharmacological approach for hemorrhoids.
If an intervention, either office-based procedure
or surgery - is indicated, evidence-based approaches
must be exercised. Day-case operation or ambulatory
surgery should be fully developed together with an
[30]
effective program for peri-operative care . Despite

FUTURE PERSPECTIVES IN THE
TREATMENT OF HEMORRHOIDS

In general any intervention or operation should be
avoided, or performed with a careful consideration
in immunocompromised patients because of an
increases risk of anorectal sepsis and poor tissue
[42]
healing in such cases . A conservative measure is
the mainstay for the treatment of hemorrhoids in this
group of patients. If required, injection sclerotherapy
appeared to be a better and safer alternative to
banding and hemorrhoidectomy for treating bleeding
[43,44]
hemorrhoids
. Antibiotic prophylaxis is always
given before performing any intervention, even a
minor office-based procedure, due to the possibility of
bacteremia.

Hemorrhoids in patients with cirrhosis or portal
hypertension

A clinician must differentiate bleeding hemorrhoids
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advances in office-based procedures and better
surgical approaches, post-procedural pain and disease
recurrence remain the most challenging problems in
the treatment of hemorrhoids. Consequently, future
researches and novel management of hemorrhoids
may focus on how to minimize pain following a
procedure and how to prevent recurrent hemorrhoids.
Meanwhile, long-term results of newly or recently
developed interventions are definitely required.
In conclusion, the better understanding of the
pathophysiology of hemorrhoids would prompt the
development of effective treatments for hemorrhoids.
Preventive measures, by means of dietary and
lifestyle modification, may be the best treatment of
hemorrhoids. Once hemorrhoids develop, its treatment
options mainly depend on the type and severity of
hemorrhoids, patient’s preference and the expertise
of physicians. Post-procedural pain and disease
recurrence remain the most challenging problems in
the treatment of hemorrhoids.
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Lynch syndrome and Lynch syndrome mimics: The growing
complex landscape of hereditary colon cancer
John M Carethers, Elena M Stoffel

Abstract

John M Carethers, Elena M Stoffel, Division of Gastroenterology,
Department of Internal Medicine, University of Michigan, Ann
Arbor, MI 48109-5368, United States

Hereditary non-polyposis colorectal cancer (HNPCC) was
previously synonymous with Lynch syndrome; however,
identification of the role of germline mutations in the
DNA mismatch repair (MMR) genes has made it possible
to differentiate Lynch syndrome from other conditions
associated with familial colorectal cancer (CRC). Broadly,
HNPCC may be dichotomized into conditions that
demonstrate defective DNA MMR and microsatellite
instability (MSI) vs those conditions that demonstrate
intact DNA MMR. Conditions characterized by MMR
deficient CRCs include Lynch syndrome (germline MMR
mutation), Lynch-like syndrome (biallelic somatic MMR
mutations), constitutional MMR deficiency syndrome
(biallelic germline MMR mutations), and sporadic MSI
CRC (somatic biallelic methylation of MLH1 ). HNPCC
conditions with intact DNA MMR associated with familial
CRC include polymerase proofreading associated
polyposis and familial colorectal cancer type X. Although
next generation sequencing technologies have elucidated
the genetic cause for some HNPCC conditions, others
remain genetically undefined. Differentiating between
Lynch syndrome and the other HNPCC disorders has
profound implications for cancer risk assessment and
surveillance of affected patients and their at-risk relatives.
Clinical suspicion coupled with molecular tumor analysis
and testing for germline mutations can help differentiate
the clinical mimicry within HNPCC and facilitate diagnosis
and management.
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of patients and families with hereditary non-polyposis
colorectal cancer (HNPCC) do not adequately diff
erentiate the several genetic diseases now classified
under HNPCC. Tumor analysis for microsatellite ins
tability (MSI) can dichotomize for the clinician con
ditions with MSI or without MSI, allowing a focused
differential diagnosis. Individual or panel germline
genetic testing can further differentiate HNPCC into its
genetically defined syndromes or its phenocopies.

HNPCC (clinically determined)

MSI testing

Carethers JM, Stoffel EM. Lynch syndrome and Lynch syndrome
mimics: The growing complex landscape of hereditary colon
cancer. World J Gastroenterol 2015; 21(31): 9253-9261
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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Lynch syndrome
Germline MMR mutation positive
CRC, Extracolonic Cancers

FCCTX
Unknown or rare genetic causes
CRC, No extracolonic cancers

Lynch-like syndrome
Germline MMR mutation negative
CRC, rare extracolonic cancers
Relatively young age of onset

Polymerase proofreading
polyposis
POLE /POLD1 mutation
CRC, adenomas, endometrial CA

Figure 1 Hereditary non-polyposis colorectal cancer conditions can be
dichotomized via microsatellite instability testing and/or DNA mismatch
repair protein immunohistochemistry. When MSI [or loss of mismatch repair
(MMR) protein expression] is present in the colorectal cancer indicating loss
of functional DNA MMR, Lynch syndrome and Lynch-like syndrome remain in
the differential. Germline testing for DNA MMR gene mutation can differentiate
these two syndromes. When MSI is absent meaning DNA MMR remains intact
and functional, consideration for polymerase proofreading associated polyposis
and familial colorectal cancer type X should be undertaken. Performing
germline testing for POLE and POLD1 mutations might help differentiate these
two syndromes. HNPCC: Hereditary non-polyposis colorectal cancer; MSI:
Microsatellite instability; CRC: Colorectal cancer.

INTRODUCTION
About one-third of patients diagnosed with colorectal
cancer (CRC) have a family history of cancer, placing
them and other family members at elevated risk for
this disease. Only 5% of all patients with CRC have
identifiable causes for their cancer predisposition; most
of which are inherited mutations in genes that regulate
growth processes in colonic stem cells, and/or are
caretakers of the genome to ensure the fidelity of DNA
passed onto progeny cells. The most common of these
inherited CRC syndromes is Lynch syndrome, identified
and defined by heritable germline mutations of DNA
[1-5]
mismatch repair (MMR) genes . The term hereditary
non-polyposis colorectal cancer (HNPCC), previously
used interchangeably with Lynch syndrome, now refers
to a broader spectrum of familial CRC encompassing
disorders that can mimic some clinical features of Lynch
syndrome, but without germline mutations in MMR
genes characteristic of Lynch syndrome (Figure 1).
Distinguishing among the HNPCC disorders is
important clinically, as the approach to surveillance
for patients and their at-risk family members differs
according to risks for colonic and extracolonic
[5]
cancers associated with each syndrome . Health
care providers should be observant for “red flags”
suggestive of genetic predisposition to CRC, such
as strong personal or family history of cancer,
diagnoses of colorectal neoplasia at young ages, and
histopathologic and molecular tumor features that
are characteristic of specific syndromes. Screening
of CRC tumors for microsatellite instability (MSI) and
expression of DNA MMR genes (Figure 1) is an effective
strategy to facilitate identification of patients at risk for
[6]
Lynch syndrome . Individuals whose personal and/or
family history raises suspicion for a hereditary cancer
syndrome should undergo clinical genetic evaluation,
which includes genetic counseling and evaluation of
[5,7]
patient health records . Even if a genetic mutation
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No MSI

MSI

is not identified, the outcome of the genetic evaluation
may help guide decision making regarding surveillance
and other interventions to reduce future cancer risk.
Here, we review several HNPCC conditions that
may mimic Lynch syndrome and present distinguishing
features and tests that can help differentiate among
them. Next generation sequencing approaches will
facilitate discovery of novel genetic events that will
define the clinical and molecular phenotypes of familial
CRC without germline MMR gene mutations.

FAMILIAL CRC WITH DEFECTIVE DNA
MISMATCH REPAIR
The DNA MMR system provides recognition of postDNA synthetic polymerase mistakes in the DNA
strand at single base mispairs, chemotherapy-induced
nucleotide alterations, and slippage mistakes at
[1,3,8-12]
repetitive sequences termed microsatellites
. The
DNA MMR recognition complexes, MutSα and MutSβ,
consists of heterodimers of the MMR proteins MSH2MSH6 and MSH2-MSH3, respectively, with MutSα
recognizing single base mispairs and short insertion/
deletion loops (I/D loops) of ≤ 2 nucleotides, and
[1,12,13]
MutSβ recognizing ≥ 2 I/D loops
. Once a mispair
or I/D loop is recognized, the execution complex MutLα
(heterodimer of the MMR proteins MLH1 and PMS2)
binds to MutSα or MutSβ to signal other proteins for
excision and re-synthesis of the affected DNA, or
commits the cell to programmed cell death if repair is
[1,13,14]
futile
.
There are several mechanisms that can inactivate
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MMR
independent
slippage

high, making it more susceptible to immune killing
when the immune checkpoint inhibitor to PD-1 is
[43]
administered to patients . While the majority of MSI
CRCs represent sporadic tumors which develop as a
consequence of somatic events (BRAF mutation, MLH1
promoter hypermethylation), a minority develop as
a consequence of germline mutations in MMR genes
associated with Lynch syndrome.

MMR
deficiency

A10

A9

A9

T10

T10

T9

Wild type

Heteroduplex

Full mutant

Figure 2 Loss of DNA mismatch repair forces polymerase slippage mistakes
to become permanent frameshift mutations at microsatellite sequences.
Depicted is a mononucleotide microsatellite of 10 adenines. During DNA
replication, occasional polymerase mistakes allow slippage at microsatellite
sequences, creating a heteroduplex structure often with one nucleotide as a
loop. With intact DNA mismatch repair (MMR), the deletion loop is recognized,
excised, and resynthesized correctly such that daughter cells will maintain
fidelity of the proper microsatellite length. In the absence of DNA MMR, the
deletion loop becomes a permanent frameshift in daughter cells. Frameshift
mutations can occur in non-coding as well as in coding microsatellites; coding
frameshifts cause the transcription and ultimate translation of truncated proteins
that can act as neoantigens to the immune system.

Lynch syndrome

Lynch syndrome can be identified in 2%-3% of all CRC
patients, and approximately 2% of all endometrial
cancer patients, the two most common cancers
[2,44,45]
observed with this syndrome
. Lifetime risk for
CRC approaches 80% and lifetime risk for endometrial
[2,5]
cancer in women approaches 50% . Patients can
develop synchronous and metachronous cancers at
relatively young ages, and Lynch-associated CRCs
demonstrate accelerated neoplastic progression, with
reports of cancers developing within 3 years after
[46]
colonoscopy . While CRCs are the most common
tumors, risks for malignancies of the endometrium
and ovaries, gastrointestinal tract (stomach and small
intestine, pancreas, biliary tract), urinary tract, brain
(glioblastomas), and skin (keratoacanthomas and
[2,5]
sebaceous adenomas) are also increased .
Lynch syndrome is associated with germline
mutations in one of the DNA MMR genes (MSH2,
MLH1, MSH6, PMS2, EPCAM) (Table 1), and is
[2,4,5]
transmitted in an autosomal dominant fashion
.
Germline testing for mutations in the MMR genes is
the gold standard for characterizing Lynch syndrome,
and can be identified in > 80% of Lynch kindreds.
The two most commonly mutated genes, MSH2 and
MLH1, account for approximately 90% of mutations
found in Lynch kindreds, and can be point mutations,
deletions, or rearrangements. MSH2 and MLH1 are
critical components of the MMR recognition complexes
and MMR execution complexes, respectively. Germline
mutation of MSH6 and PMS2 are identified in < 10%
of Lynch kindreds, and deletion of EPCAM, upstream
of MSH2 on chromosome 2 that causes allele specific
methylation of the promoter of MSH2, is a relatively
rare cause for loss of MSH2 expression and Lynch
[2,4,5]
syndrome
. Germline MSH3 mutations have only
rarely been identified in any families with Lynch
[13,47]
syndrome
. Specific mutations of DNA MMR genes
are associated with differences in phenotype of Lynch
patients. For instance, MLH1 and MSH2 mutation
carriers present with cancers at younger ages (40-50
years) whereas MSH6 mutation carriers tend to be
older at CRC diagnosis (age 50-65 years) with higher
[2,3,5]
prevalence of endometrial cancer
.
Family history-based clinical criteria, such as the
Amsterdam criteria (3 relatives with CRC, across
2 generations, with one case diagnosed at age <
50 years) and/or Bethesda guidelines, have limited
sensitivity and identify only a portion of MMR mutation

[1,4,13,15-29]

DNA MMR function
. Abrogation of DNA
MMR function generates a hypermutated tumor that
accumulates hundreds of random point mutations and
[30]
frameshifts in the cell’s genome , and transition from
an adenoma to CRC occurs at a rapid pace compared
to MMR-intact tumors (1-3 years vs 1-2 decades,
[1,3,31]
respectively)
. The biomarker assay that is used to
determine loss of MMR function clinically is microsatellite
[1,3,32]
instability (MSI)
, which detects acquired new
frameshift length changes of microsatellites in neoplastic
tissue compared to non-neoplastic tissue when MMR
function is defective (Figure 2). Additionally, the use
of immunohistochemistry (IHC) to detect expression
of DNA MMR proteins in neoplastic tissue is highly
correlative to MMR function, with absence of MMR
[1,3,32]
proteins predictive of MSI within the tumor
. The
finding of MSI and/or absence of DNA MMR protein
expression identifies that a tumor has lost DNA MMR
function, and is the basis for differentiating familial
CRC cases associated with Lynch syndrome from other
HNPCC conditions (Figure 1).
CRCs with defective DNA MMR comprise only
15% of all CRCs and are associated with specific
clinicopathologic features. MSI tumors are more
likely to be located in the colon proximal to the
splenic flexure, often exhibit poor differentiation and
mucinous features, possess sub-epithelial lymphoid
aggregates as response to neoantigens induced by
truncated proteins produced from frameshifted coding
microsatellite mutations (Figure 2), and demonstrate
better survival compared to same-staged patients
[1-3,33-37]
without MSI CRCs
. Because intact DNA MMR can
recognize chemotherapy-induced nucleotide alterations
to trigger cell demise, and in particular incorporated
5-fluorodeoxyuracil as a result of 5-fluorouracil (5-FU)
therapy, loss of DNA MMR function renders the CRC
resistant to 5-FU, and 5-FU treatment does not
[8-12,38-42]
improve survival of patients with MSI CRCs
.
However, the MSI CRC somatic mutational load is

WJG|www.wjgnet.com

9255

August 21, 2015|Volume 21|Issue 31|

Carethers JM et al . Lynch syndrome mimics
Table 1 Germline and cancer-specific genetic and epigenetic features for hereditary non-polyposis colorectal cancer conditions
Lynch syndrome

Germline
mutation

Somatic
mutation

CMMRD

Lynch-like
syndrome

Sporadic MSI CRC
and sessile serrated
polyps

FCCTX

None

RPS20, SEMA4A,
HNRNPA0, WIF1,
likely others

BRAF

Various

MMR deficient,
(MSI)
Somatic
biallelic promoter
methylation for
MLH1

MMR proficient
(MSS)
None reported

One allele of a
Both alleles of a
None
MMR gene: MSH2, MMR gene: MSH2,
MLH1, MSH6,
MLH1, MSH6,
PMS2, EPCAM
PMS2, EPCAM
2nd allele of MMR
None
Both alleles of a
gene
MMR gene

Tumor MMR MMR deficient
phenotype
(MSI)
Epigenetic
Germline deletion
in 3’ end of
EPCAM leads to
Somatic Allelespecific MSH2
methylation in
tissues

MMR deficient
(MSI)
None reported

MMR deficient
(MSI)
None reported

PPAP

HBOC

POLE (L424V)
BRCA1 or BRCA2
POLD1 (S478N)
(other exonuclease
domain mutations)
2nd allele of POLE, 2nd allele of BRCA1
POLD1 and > 100 ×
or BRCA2
somatic mutations
(hypermutated)
compared with
other MSS tumors
MMR proficient
MMR proficient
(MSS)
(MSS)
None reported
None reported

MSS: Microsatellite stable; CMMRD: Constitutional mismatch repair-deficiency; FCCTX: Familial colorectal cancer type X; PPAP: Polymerase proofreading
associated polyposis syndrome; HBOC: Hereditary breast and ovarian cancer syndrome; MSI: Microsatellite instability; CRC: Colorectal cancer.

[23]

[2,5,44]

families .
From a clinical perspective, the key feature dif
ferentiating Lynch syndrome from Lynch-like syndrome
is that the former is associated with presence of
germline DNA MMR gene mutations, while the latter
lacks identifiable germline mutations. There are several
potential explanations for Lynch-like syndrome. First,
it is possible that some Lynch-like patients could
actually have Lynch syndrome, as there may be some
germline mutations in DNA MMR genes that are not
detectable by current testing, such as those occurring
[4]
in areas of intronic sequences and promoters .
However, an alternative explanation is that there are
other mechanisms that inactivate DNA MMR (aside
from germline mutation in MMR genes) which could
also result in tumor phenotype that closely resembles
Lynch syndrome. Unlike sporadic MSI-H CRCs, Lynchlike CRCs do not show epigenetic inactivation of the
DNA MMR gene MLH1 or mutation in BRAF. However,
50%-60% of Lynch-like CRCs do exhibit the biallelic
somatic inactivation of DNA MMR genes within the
[20,22,23,49-51]
tumor
(Table 1). Somatic mutation in any
one allele of the DNA MMR genes coupled with loss
of heterozygosity (LOH) of the other allele is the
most common pattern (with second most common
mechanism being two somatic sequence mutations).
Finally, it is also possible that patients with Lynch-like
syndrome may harbor germline mutations in genes
other than the DNA MMR genes known to be associated
with Lynch syndrome. Consequently, Lynch-like syn
drome cases might represent a spectrum of HNPCC
conditions with heterogeneous etiologies; however until
we have more information regarding cancer risks and
rates of neoplastic progression, intensive surveillance

carriers
. Given that intensive surveillance with
colonoscopy every 1-2 years has been shown to
decrease morbidity and mortality in families with Lynch
syndrome, universal testing of all CRC tumors for
MMR deficiency has been proposed as a cost-effective
[44,48]
strategy to screen for Lynch syndrome
. Tumors
associated with germline MMR gene mutations can be
differentiated from sporadic MSI CRCs on the basis of
the absence of somatic BRAF mutations and absence of
[1,3,5,33]
methylation of MLH1)
. Loss of expression of MSH2
and/or MSH6 was previously thought to be diagnostic
of germline mutations in the MMR gene corresponding
to the absent protein, but recent data demonstrate that
absent expression of these MMR proteins can also be
observed in Lynch-like CRCs (Table 1).

Lynch-like syndrome

Lynch-like syndrome may account for as many as
60%-70% of cases in which Lynch syndrome is
clinically suspected, but genetic testing fails to identify a
[4]
germline MMR gene mutation . Patients with Lynch-like
syndrome resemble those with Lynch syndrome in that
their tumors manifest MSI and immunohistochemical
absence of a DNA MMR protein. Patients with Lynchlike syndrome present with cancer at younger ages,
similar to Lynch syndrome (53.7 years vs 48.5 years of
age), fueling the speculation that undiagnosed germline
mutations may be implicated in at least some of these
[22,23,49]
cases
. However, analysis of cancers among
probands and families demonstrate heterogeneity in
risks, with standardized incidence ratio (SIR) for CRC
lower in Lynch-like (2.12) compared to Lynch syndrome
(6.04), and with SIR for extracolonic cancers also
lower in Lynch-like (1.69) vs Lynch syndrome (2.81)
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for cancer similar to Lynch syndrome guidelines is
recommended.

finding among sporadic MSI CRCs is the presence of
V600E
BRAF
, an activating mutation that causes incessant
[1,3,5,33]
mitogenic pathway signaling
(Table 1). The older
presentation for CRC, lack of family history of cancer,
V600E
as well as the presence of BRAF
and/or methylation
of MLH1 help distinguish patients with sporadic MSI
CRC from those with Lynch or Lynch-like syndrome.
Likewise, patients with sessile serrated polyps and
adenomas (SSAs) exhibit multiple methylated DNA
loci including that of the MLH1 promoter, and manifest
V600E[33,54]
MSI and BRAF
. Although patients with SSAs
often present with proximal colon location of the
lesion similar to Lynch syndrome tumors, the MLH1
V600E
hypermethylation and presentation of BRAF
show
that the SSA is not part of Lynch syndrome.

Constitutional mismatch repair deficiency syndrome

Constitutional mismatch repair-deficiency (CMMRD) is
a rare condition in which biallelic germline mutations
in DNA MMR genes predispose to development of
[26,27]
multiple cancers, often at very early ages
(Table
1). Affected individuals inherit a germline MMR
mutation from each parent, with PMS2 and MSH6
mutations most commonly implicated. Although initial
descriptions of CMMRD cases involved consanguineous
families, a significant proportion of cases involve
offspring of unrelated parents not previously diagnosed
with Lynch syndrome. CMMRD patients often present
in childhood, with brain tumors, colorectal and/or
other gastrointestinal cancers (including in some
cases multiple colonic adenomas), with hematological
malignancies such as leukemias and lymphomas
[27]
also commonly reported . Other tumors such as
rhabdomyosarcoma, Wilms tumor, and neuroblastomas
[27,52]
have also been reported
. The presentation can be
variable, but the scope of tumors and the extremely
young age at presentation can provide clues to the
diagnosis. Since nearly all CMMRD patients exhibit
[27]
cutaneous café-au-lait spots , there may be some
phenotypic overlap with other syndromes such as
neurofibromatosis type 1, Li-Fraumeni syndrome, and
[27,53]
familial adenomatous polyposis
.
The diagnosis of CMMRD is confirmed with detection
[27]
of biallelic germline mutations in MMR genes
(Table
1); however the diagnosis is not always straightforward.
PMS2 in particular has approximately 20 pseudogenes
that make identifying one allele mutation, let alone both
alleles, challenging. Additionally, variants of uncertain
significances (VUSs) in one or both alleles of MSH6 or
PMS2 or any other MMR gene are found in over 30%
of suspected CMMRD patients, making the genetic
[3,5,27]
confirmation of this syndrome difficult
.
Like tumors which develop in Lynch syndrome and
Lynch-like syndrome, CMMRD CRCs display MSI, and
immunohistochemistry will demonstrate absence of
staining of the mutated MMR protein. A differentiating
feature of CMMRD patients is that the surrounding
normal colon tissue may also demonstrate absence
of the MMR protein corresponding with the germline
[27]
mutation , given that both alleles are inactivated in
every cell of the CMMRD patient’s body even before
cancer formation.

FAMILIAL CRC WITH INTACT DNA
MISMATCH REPAIR
Polymerase proofreading associated polyposis
syndrome

Polymerase proofreading associated polyposis
syndrome (PPAP) is a rare autosomal dominantly
inherited syndrome in which the exonuclease domain of
POLE (encoding DNA polymerase ε) or POLD1 (encoding
[55,56]
DNA polymerase δ1) is mutated in the germline
.
Two highly penetrant mutations are described (POLE
[55]
p.Leu424Val and POLD1 p.Ser478Asn) , but other
mutations in the exonucleoase domain could also be
[57]
causal
(Table 1). Individuals with germline POLE
mutations exhibit colonic oligopolyposis (generally
between 5-70 adenomas) as early as 20 years of age,
[55,56]
CRCs, and duodenal adenomas and carcinomas
.
POLD1 mutation carriers exhibit colonic oligopolyposis
(generally 3-50 adenomas) and CRC as young as 20
years of age as well, but in addition exhibit increased
[55]
risk for endometrial cancers and brain tumors
which overlaps with the spectrum of tumors seen in
Lynch syndrome. Indeed, the clinical phenotype of
PPAP patients can be highly variable, ranging from an
attenuated polyposis picture resembling that seen in
association with germline mutations in APC or MYH to
oligopolyposis or non-polyposis resembling HNPCC and
[55,56]
Lynch syndrome
.
Interestingly, although CRCs from PPAP patients
are hypermuted or ultramutated (with 100-fold more
mutations than sporadic microsatellite stable tumors)
due to loss in polymerase function that then generates
multiple random mutations in the cancer cell genome,
these tumors are microsatellite stable and do not
[30,55,56,58]
exhibit loss of expression of DNA MMR proteins
(Table 1). The absence of MSI in these CRCs is a
distinguishing feature, and should raise the clinical
suspicion of PPAP in families with cancer histories
suggestive of Lynch syndrome.

Sporadic microsatellite unstable CRC

Microsatellite unstable (MSI) is found in approximately
15% of all sporadic CRCs with MSI tumors more likely
to develop at older ages (≥ 70 years of age) and
[1,3,34]
more often in females
. Most of these sporadic MSI
CRCs are associated with biallelic hypermethylation
of the promoter of the MLH1 gene (Table 1), which
[15-19]
prevents its transcription
. An additional common
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designation for patients with family history of CRC
meeting Amsterdam Criteria for Lynch syndrome, but
whose tumors lack MSI and whose germline lacks DNA
[59]
MMR gene mutations . Nearly half of Amsterdam
Criteria-positive CRC families fit the description of
FCCTX. Clinically, however, CRC risk among FCCTX
patients is increased approximately 2-fold over
the general population (compared to > 6-fold for
Lynch syndrome patients), and FCCTX families lack
[59]
extracolonic cancers .
As the “type X” label implies, the genetic etiology
for FCCTX is largely unknown. Recent investigations
suggest that FCCTX may be a heterogeneous condition,
since gene finding studies have uncovered mutations in
several genes, each affecting only one or a few families.
Germline mutations in RPS20, encoding an rRNA
[60]
maturation protein , as well as in SEMA4A, HNRNPA0
and WIF1, whose encoded proteins are involved in
the regulation of PI3 Kinases and MAPK/ERK signaling
[61,62]
and NAD biosynthesis, have been identified
(Table
1). There is potential for phenotypic overlap between
FCCTX and other known genetic conditions (such as
PPAP), and germline mutations in BMPR1A (associated
with juvenile polyposis) have been identified in some
[63]
individuals with the clinical diagnosis of FCCTX . Even
so, genetic testing is clinically uninformative in the vast
majority of patients with MMR proficient tumors without
polyposis phenotypes.

BRCA2, with 93% of these patients meeting NCCN
guidelines for Lynch syndrome testing while only
33% meeting NCCN guidelines for BRCA1 or BRCA2
[71]
analysis . This study demonstrates the phenotypic
overlap between HBOC and HNPCC. This study also
demonstrates that the use of broader panel testing can
be highly informative in differentiating these syndrome
genetically.

CONCLUSION
HNPCC encompasses a spectrum of conditions that
have significant phenotypic overlap, and making a
genetic diagnosis in familial CRC cases can be clinically
challenging. Since risks for CRC and extracolonic
cancers differ among the various conditions, genetic
confirmation of the diagnosis can help direct sur
veillance recommendations for the patient and their
at-risk family members. As clinical criteria have
limited sensitivity and specificity, analysis of tumor
tissue for the presence or absence of MSI can be
effective for identifying individuals at risk for Lynch
syndrome. Genetic testing for germline mutations
in individual genes (or panels of genes) can further
differentiate HNPCC into specific, defined syndromes.
Even in the absence of an informative genetic test
result, clinical suspicion should remain high, and
specialized surveillance is justified for at-risk individuals
from families affected with HNPCC. Next generation
sequencing will likely uncover additional genetic defects
in HNPCC kindreds. Documentation of phenotypes
and cancer incidence through longitudinal studies will
provide valuable clinical information regarding the
natural history of disease which will help differentiate
the Lynch syndrome mimics and guide diagnosis
and management for the heterogeneous conditions
currently grouped under the category of familial CRC.

Potential overlap with other hereditary cancer
syndromes: Hereditary breast and ovarian cancer
syndrome

CRCs are common, and thus may be seen in association
with other hereditary cancer syndromes not typically
associated with increased risk for colorectal neoplasia.
Patients with hereditary breast and ovarian cancer
syndrome (HBOC) possess a germline mutation in
BRCA1 or BRCA2, two genes involved in DNA double
strand break repair (Table 1). The spectrum of cancers
in kindreds with HBOC can include not only breast and
ovarian cancer, but also pancreatic cancer and prostate
[64]
cancer . Additionally, some reports suggest that breast
and prostate cancers may also be overrepresented
[64,65]
in Lynch syndrome kindreds
. Thus, there is
potential for phenotypic overlap between HBOC and
Lynch syndrome, especially with regard to ovarian
[66,67]
and pancreatic cancers
, with Lynch syndrome
potentially accounting for 13%-15% of hereditary
[68]
ovarian cancers . The lifetime risk for ovarian cancer
[68-70]
in Lynch syndrome patients is approximately 8%
.
Consequently, Lynch syndrome and HBOC should each
be considered in the differential diagnosis for kindreds
with ovarian and/or pancreatic cancers.
In evaluating suspected Lynch syndrome families,
gene panel testing covering 25 cancer-causing genes
yielded 9% of suspected families with germline
[71]
DNA MMR gene mutations . Surprisingly, another
1% demonstrated germline mutations in BRCA1 or
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Abstract
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Although the incidence of colorectal cancer (CRC) has
been declining in recent decades, it remains a major
public health issue as a leading cause of cancer mortality
and morbidity worldwide. Prevention is one milestone
for this disease. Extensive study has demonstrated that
a diet containing fruits, vegetables, and spices has the
potential to prevent CRC. The specific constituents in
the dietary foods which are responsible for preventing
CRC and the possible mechanisms have also been
investigated extensively. Various phytochemicals have
been identified in fruits, vegetables, and spices which
exhibit chemopreventive potential. In this review article,
chemopreventive effects of phytochemicals including
curcumin, polysaccharides (apple polysaccharides
and mushroom glucans), saponins (Paris saponins,
ginsenosides and soy saponins), resveratrol, and quer
cetin on CRC and the mechanisms are discussed. This
review proposes the need for more clinical evidence
for the effects of phytochemicals against CRC in large
trials. The conclusion of the review is that these phyto
chemicals might be therapeutic candidates in the
campaign against CRC.
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for chemoprevention owing to the long precancerous
stage that provides individuals with an opportunity to
interfere before adenomas develop into cancer. Various
pharmacologic or dietary agents have been evaluated
[9,10]
for their chemopreventive effects against cancer
.
Unlike other cancer cells, CRC cells are exposed
directly to the agents. Then, there is a growing interest
to investigate how these agents are associated with
CRC. Celecoxib, a cyclooxgenase-2 (COX-2) inhibitor,
is approved for preventing familial adenomatous
polyposis (FAP). However, the chemopreventive
benefit of celecoxib is at the expense of its serious
[11]
cardiovascular adverse effect . The serious side
effects of the FDA approved chemopreventive drugs
are usually paid particular attention when taking into
account long-term use of a drug in healthy people who
may or may not develop cancer. This clearly indicates
the need for agents, which are effective as well as safe
in preventing CRC. Diet derived phytochemicals will
be potential candidates for this purpose. It is widely
believed that a diet high in fruits, vegetables, spices,
and grains possesses beneficial effects on the intestine,
particularly the colon. The substances in these dietary
foods that are responsible for preventing CRC and the
mechanisms by which they achieve this have been
extensively studied. A large number of studies have
shown that a proper diet can help protect against CRC.
Many phytochemicals have been isolated and identified
in fruits, vegetables, spices, and grains that show
[12-15]
chemopreventive potential
. Below is a description
of selected phytochemicals which have been studied
extensively to determine their role in CRC prevention.

Core tip: Colorectal cancer (CRC) remains a major public
health issue as a leading cause of cancer mortality and
morbidity worldwide. Chemoprevention is one milestone
for this disease. A diet consisting of fruits, vegetables,
and spices has the potential to prevent CRC. This
manuscript reviews the phytochemicals in these dietary
foods that are responsible for preventing CRC and the
possible mechanisms. Various phytochemicals have
been identified in fruits, vegetables, and spices which
exhibit chemopreventive potential. This work will further
promote the importance of phytochemicals in CRC
prevention.
Li YH, Niu YB, Sun Y, Zhang F, Liu CX, Fan L, Mei QB. Role
of phytochemicals in colorectal cancer prevention. World J
Gastroenterol 2015; 21(31): 9262-9272 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i31/9262.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i31.9262

INTRODUCTION
Colorectal cancer (CRC) continues to be a worldwide
killer, despite that the past decade has witnessed
enormous amount of research and rapid development.
According to recent statistics, CRC is the fourth most
common malignant tumor worldwide, with an annual
incidence of 1.2 million new cases and over 600000
[1]
deaths . CRC mortality has been increasing in many
[2]
Western countries . In 2014, there were an estimated
136830 new cases of CRC and 50310 patients died
[1]
from CRC in the United States . In several areas
at low risk historically, including Spain, and some
countries in Eastern Europe and Eastern Asia, the
[2,3]
incidence of CRC is rapidly increasing . The number
of CRC cases and the mortality are increasing in China
as well, where more than 170000 new cases of CRC
[4]
are diagnosed each year .
Considerable advances in neoadjuvant chemo
therapy and surgical techniques have been achieved in
the past decades. e.g., the median survival period of
CRC patients of stage Ⅳ was prolonged to 17.9 mo by
adding bevacizumab to the program of 5-fluorouracil/
[5]
calcium folinate . However, the 5-year survival
rate of colon cancer of stage Ⅳ was only 8.1% after
[6]
treatments .
[7]
Anand et al pointed out that only 5%-10% of
all cancer cases are caused by genetic defects and
the remaining 90%-95% are caused by environment
and lifestyle, providing great opportunities for cancer
prevention. Therefore, chemoprevention, which is
defined as the intake of foreign agents in order to
restrain induction, prevent or slow the progression of
cancer, or reverse carcinogenesis at a premalignant
stage has drawn more and more attention from
both the scientific community and the general
[8]
public . Among cancers, CRC is a good candidate
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NATURAL COMPOUNDS WITH
CHEMOPREVENTIVE POTENTIAL
CURCUMIN
Curcumin is a hydrophobic polyphenol derived from
turmeric, the rhizome of the herb Curcuma longa,
and has a potential in suppressing inflammation and
[16]
inhibiting the growth of neoplastic cells . Many in
vitro studies have proven that curcumin could be
used as a therapeutic agent for CRC through affecting
numerous target molecules.
Both survivin and insulin like growth factor-1
(IGF-1) could lead to inhibition of apoptosis and
prolonged survival of colon cancer cells by suppressing
the mitochondria-mediated pathway. Curcumin downregulates the expression of survivin and IGF-1 by
activating the expression of p53 and reducing tumor
necrosis factor-α (TNF-α) levels, leading to activation
[17]
[18]
of apoptotic signal . Guo et al assessed the effects
of curcumin and investigated its mechanism in LoVo
cells. Cells incubated with 2.5-30 μg/mL of curcumin
for 24, 48 or 72 h had a significantly decreased
growth rate. Curcumin treatment not only induced
cell cycle arrest of LoVo cells at S phase and apoptosis
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accompanied by ultra-structural changes and release
of lactate dehydrogenase in a dose-dependent manner,
but also decreased the mitochondrial membrane
potential and activated caspase-3 and caspase-9 in
a dose- and time-dependent manner. Furthermore,
curcumin increased Bax and p53 and reduced Bcl-2
and survivin expression, and triggered the release of
cytochrome c in LoVo cells. The results indicate that
curcumin suppressed the growth of LoVo cells, at least
in part, by inducing apoptosis through a mitochondriamediated pathway. Nuclear factor-kappa B (NF-κB)
is one of the most important molecules involved in
innate immunity and inflammation and has emerged
[19]
as an important endogenous tumor promoter . NFκB plays an important role of supervision in controlling
the transformation of inflammation in the context of
inflammatory cells and cancer. Under resting condition,
the NF-κB dimmers reside in the cytoplasm. Upon
activation, it translocates to the nucleus, where it
triggers the expression of more than 200 genes
that exhibit the ability of suppressing apoptosis and
inducing proliferation, cellular transformation, invasion,
metastasis, inflammation, radio-resistance, and
chemo-resistance. NF-κB activation in cancer cells
would lead to inflammation-induced tumor growth,
and inhibition of NF-κB activation could prevent
[20]
tumor growth . Various studies have demonstrated
the pivotal role of NF-κB in tumor initiation and
[21]
progression in CRC . Curcumin could mediate its
therapeutic effects partly through regulating the
transcription factor NF-κB and NF-κB-regulated gene
products including cyclin D1, TNF-α, Bcl-2, Bcl-XL,
inducible nitric oxide synthase and matrix metallo
[22]
preteinases (MMPs) . Curcumin inhibited the TNFinduced activation of inhibitor of nuclear factor kappa-B
kinase (IKK), bringing about the suppression of TNFdependent phosphorylation, degradation of IκBα
and translocation of the p65 subunit. Curcumin also
blocked hydrogen peroxide- and phorbol ester-induced
[23]
activation of NF-κB .
COX-2 is one of the most important molecules
involved in inflammation and cancer. Elevated
expression of COX-2 has been detected in the
[24-28]
majority of colorectal carcinomas
, and in a subset
of adenomas. Inhibition of COX-2 activity, either by
genetic disruption or pharmacological methods, leads
to reduced size and number of adenomas in murine
[29,30]
models of intestinal tumorigenesis
. Curcumin
markedly inhibited the mRNA and protein expression
[31]
of COX-2, but not COX-1. Lev-Ari et al
conducted
a study to investigate whether curcumin enhances
the anti-growth effects of celecoxib, a specific COX-2
inhibitor, in human colon cancer cell line HT-29. This
study revealed that in the presence of 10-15 μmol/L of
curcumin, a physiologic dose of celecoxib at 5 μmol/L
was sufficient to restrain cell growth by suppressing
proliferation and promoting apoptosis through the
COX-2-dependent and -independent pathways.
This effect was similar to what can be achieved by
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using a 10-fold higher concentration of celecoxib
(50 μmol/L) when administrated alone. Curcumin
potentiated the growth inhibitory effect of celecoxib
by shifting the dose-response curve to the left. The
clinical importance of this effect lies in the fact that
it can be achieved in the serum of patients treated
with standard anti-inflammatory (200-400 mg) or
[31]
antineoplastic (400-800 mg) doses of celecoxib .
The phosphorylated form of cortactin (cortical actin
binding protein) or CTTN, a monomeric protein located
421
in the cytoplasm of cells (pTyr ) plays a crucial role
in cancer cell migration and invasion. Upregulated
421
pTyr -cortactin has been detected in colon cancer.
421
Curcumin significantly downregulated pTyr -CTTN
in HCT116 cells and SW480 cells, but had no effect
in HT-29 cells. Curcumin physically interacted with
PTPN1 tyrosine phosphatases to increase its activity,
421
which resulted in dephosphorylation of pTyr -CTTN.
PTPN1 inhibition could abolish the effects of curcumin
421
on pTyr -CTTN. Curcumin decreased migration of
HCT116 and SW480 cells which highly express PTPN1,
but not of HT-29 cells with significantly reduced
endogenous PTPN1 level. Adenovirally encoded CTTN
increased migration of all three cell lines. Further
study showed that curcumin significantly reduced
421
the physical interaction of CTTN and pTyr -CTTN
with p120 catenin (CTNND1). In summary, curcumin
mediates the activity of PTPN1 phosphatase to
reduce cortactin phosphorylation and interaction with
CTNND1, and finally to reduce cell motility in colon
[32]
cancer .
Curcumin, therefore, is a promising chemopre
ventive natural agent with multiple targets and no
reported adverse or toxic events.
The pharmacodynamic and pharmacokinetic effects
of oral curcuma extract in patients with CRC have been
investigated. In one study, curcumin was administered
to 126 patients with CRC before undergoing surgery.
Patients either received 360 mg of curcumin or
placebo three times daily. Results demonstrated that
curcumin treatment was accompanied by increased
body weight, decreased serum TNF-α level, modulated
[17]
tumor cell apoptosis and enhanced p53 expression .
A dose-escalation pilot study of Curcuma extract at
doses of 0.45-3.6 g in 15 patients with advanced
CRC for a period of 4 mo showed a dose dependent
inhibition of COX-2 activity, measured as basal and
lipopolysaccharide (LPS)-mediated prostaglandin E2
(PGE2) production in blood, demonstrating the efficacy
of curcumin in CRC. A daily dose of 3.6 g of curcumin
was related to a 62% and 57% decrease of inducible
[33]
PGE2 on days 1 and 29, respectively (P < 0.05) . In
one pharmacodynamic and pharmacokinetic study
of oral Curcuma extract, 15 patients with advanced
CRC refractory to standard chemotherapies were
given Curcuma extract at doses ranging from 440
to 2200 mg/d. Curcuma extract including 36-180
mg of curcumin was given for 4 mo. The doses were
well tolerated with no obvious toxicity observed.
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Table 1 Current clinical trials of curcumin and resveratrol
ClinicalTrials.
gov Identifier

Title

Design/phase

Intervention

Primary
purpose

NCT01294072 Study investigating the ability of plant exosomes
to deliver curcumin to normal and colon cancer
tissue

Phase Ⅰ

Treatment

NCT00295035

Phase Ⅲ trial of gemcitabine, curcumin and
celebrex in patients with metastatic colon cancer
NCT00027495
Curcumin for the prevention of colon cancer
NCT00973869
Curcumin in preventing colorectal cancer in
patients undergoing colorectal endoscopy or
colorectal surgery

Phase Ⅲ

NCT00365209 Phase ⅡA trial of curcumin among patients with
prevalent subclinical neoplastic lesions (aberrant
crypt foci)
NCT01490996
Combining curcumin with FOLFOX
chemotherapy in patients with inoperable
colorectal cancer
NCT01859858
A prospective evaluation of the effect of
curcumin on dose limiting toxicity and
pharmacokinetics of irinotecan in patients with
solid tumors
NCT00118989 Curcumin for the chemoprevention of colorectal
cancer
NCT00256334
Resveratrol for patients with colon cancer
NCT00578396
Phase I biomarker study of dietary grapederived low dose resveratrol for colon cancer
prevention
NCT00433576 Resveratrol in treating patients with colorectal
cancer that can be removed by surgery

Phase Ⅱ

Dietary supplement: curcumin
Dietary supplement: curcumin conjugated with plant
exosomes
Other: no intervention
Drug: celecoxib
Drug: curcumin
Dietary supplement: curcumin
Dietary supplement: curcumin
Other: high performance liquid chromatography
Other: laboratory biomarker analysis
Other: pharmacological study
Procedure: diagnostic endoscopic procedure
Procedure: therapeutic conventional surgery
Other: laboratory biomarker analysis
Other: pharmacological study
Drug: curcumin
Drug: oral complex C3 curcumin+ chemotherapy
Drug: chemotherapy only

Phase Ⅰ
Phase Ⅰ

Phase Ⅰ
Phase Ⅱ

Prevention
Prevention

Prevention

Treatment

Phase Ⅰ

Dietary supplement: curcumin
Drug: Irinotecan

Basic science

Phase Ⅱ

4 g curcumin daily for 4 mo or placebo

Prevention

Phase Ⅰ
Phase Ⅰ

Drug: resveratrol
Dietary supplement: grapes

Treatment
Prevention
Phase Ⅰ

Phase Ⅰ

Patients with colorectal adenocarcinomas
received resveratrol for days 1 to 8 and on day 9
underwent colorectomy
Tumor biopsy will be retrieved

Ingestion of 440 mg for 29 d was correlated with a
59% decrease in lymphocytic glutathione S-transferase
activity. This effect was not seen at higher doses.
Neither curcumin nor its metabolites were detected
in blood or urine. Despite the results, it is difficult to
figure out whether curcumin at this dose is an effective
chemopreventive agent in CRC because of the small
[34]
number of subjects .
In another study, curcumin capsules (450, 1800,
and 3600 mg) were given to patients with CRC daily
for 7 d. Trace levels of curcumin were found outside
the circulation. Level of M1G, a marker of DNA adduct
formation, was significantly reduced by curcumin at
a dose of 3600 mg. The study showed that curcumin
at a dose of 3.6 g for daily use is pharmacologically
[35]
efficacious . In a phase IIa clinical trial, curcumin
at doses of 2 g or 4 g was administered to 44 eligible
smokers with 8 or more aberrant crypt foci (ACF) over
a 30-d period. Results demonstrated that at a dose of
4 g, curcumin was able to reduce the ACF number by
40% (P < 0.005), whereas at a dose of 2 g, curcumin
[36]
did not show the effect . Other clinical trials of
curcumin are listed in Table 1.
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Treatment

POLYSACCHARIDES
Polysaccharides are a structurally diverse class of
biological macromolecules, which are composed of
monosaccharide polymers linked through glycosidic
bonds. They range in structure from linear to highly
branched form, and are used extensively as foods
and pharmaceuticals. Furthermore, the enormous
variety of polysaccharides has resulted in a constantly
evolving group of potential bioactive compounds.

Apple polysaccharides

Apples are a kind of healthy food, and the consumption
[37]
of which may decrease the risk of CRC . It has been
found that cloudy apple juice could decrease ACF
development, hyperproliferation, and DNA damage in
the distal colon of dimethylhydrazine (DMH)-initiated
[38]
rats . One component that makes the apple juice
cloudy is saccharide. We thus extracted polysaccharides
from apple and evaluated their effects on CRC. A
microarray was used to investigate the effects of apple
polysaccharides (AP) on human colon carcinoma cells
(HT-29). Treatment of HT-29 cells with AP caused
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the expression of 333 genes over the cutoff value (≥
2-fold). Cell cycle pathways were mainly influenced.
At concentrations from 0.001 to 0.1 mg/mL, AP
induced a G0/G1 phase arrest in HT-29 cells dosedependently. Administration of AP could protect ICR
mice against CRC effectively. The results of Western
blot suggested that AP induced cell-cycle block in a
[39]
p53 independent manner . Galectin-3, a member of
the family of β-galactoside-binding lectins, is involved
in different stages of inflammation, generally viewed
[40-42]
as a promoter of inflammatory response
, as well
[43-45]
as the processes of tumorigenesis and metastasis
.
Galectin-3 is a prognostic marker, and its alteration
is correlated with tumor pathogenesis, progression
and/or metastasis in various kinds of cancers including
[46,47]
CRC
. In our previous study, we have found that
AP moderately triggered apoptosis of colonic epithelial
cells, indicating that the anti-CRC potency of AP was
probably due to its apoptosis inducing ability. Western
blot analysis revealed that galectin-3 changed in both
the nucleus and the cytoplasm during the process
from colitis to colon cancer in the model. Furthermore,
AP could suppress the binding of galectin-3 to its
ligands, which is partly the possible mechanism for AP
[48]
to enhance apoptosis and prevent tumorigenesis .
LPS, a glycolipid from the outer membrane of
Gram-negative bacteria, activates toll-like receptor
4 (TLR4) to stimulate intracellular signaling cascades
including NF-κB pathways and mitogen activated
protein kinases (MAPKs), and results in a substantial
increase in the production of chemokines, cytokines,
and the synthesis of a wide group of lipid inflammatory
[49,50]
mediators
. By observing the effect of AP on
LPS-activated HT-29 and SW-620 CRC cells and an
azoxymethane/dextran sodium sulfate (AOM/DSS)
induced mouse model, we found that AP reduced
AOM/DSS caused toxicities, prevented carcinogenesis,
and downregulated the expression of TLR4, MD2,
myeloid differentiation protein88 (MyD88), TRIFrelated adapter molecule (TRAM) interferon-β,
interleukin-6, and TNF-α. The protective effects of AP
may be associated with the suppression of TLR4/MD2mediated signaling, including MyD88 and TRIF, as
well as the inhibition of NF-κB-mediated inflammatory
signaling pathways.
The data above may provide another molecular
basis for understanding how apple acts to prevent CRC
and suggest that AP has the potential in treating colitis
[51]
and preventing carcinogenesis .

expression of the proliferating-associated marker
proliferating cell nuclear antigen (PCNA) in colorectal
adenocarcinomas of mice was significantly reduced
by oral administration of P. pulmonarius glucans.
This indicates that P. pulmonarius glucans inhibited
colorectal carcinogenesis by suppressing the abnormal
proliferative activity of preneoplastic and neoplastic
[52]
[53]
cells . Xie et al
reported that Ganoderma lucidum
glucan extract inhibited proliferation of CRC SW480
cells. A soluble α-glucan from P. ostreatus got by Lavi
[54]
et al
suppressed colon cancer cell proliferation via
direct interaction of the glucan with the colon cancer
cells and their apoptosis induction.
Induction of cell apoptosis has been a target
[55]
mechanism for cancer treatments . Certain mushroom
polysaccharides have proapoptotic functions in many
[56]
tumor cell lines in vitro. Hu et al
showed that the
mushroom Inonotus obliquus induced apoptosis with
differing sensitivity in human colon cancer DLD-1
[52]
cells. Lavi et al
observed that feeding mice with P.
pulmonarius glucans increased the expression of activecaspase-3 and Bax. And these effects were found in P.
pulmonarius glucans treated colon carcinoma cell lines
(HCT-116 and HT29) as well. In the P. pulmonarius
glucans treated colon carcinoma cell lines, there was
an increase in the level of cytosolic cytochrome c and a
decrease of the anti-apoptotic protein Bcl-2.

SAPONINS
Saponins, a major family of secondary metabolites
containing a sugar moiety glycosidically linked to a
hydrophobic aglycone (sapogenin), are a class of
bioactive compounds naturally present in particular
[57,58]
abundance in various plant species
, including
ginseng or red ginseng (Panax, Araliaceae) in a form
called ginsenosides. This class of chemical compounds
are found in different parts of the plant: stems, roots,
[59]
bulbs, leaves, blossom and fruit . Saponins of several
plants are known to induce apoptosis in some cancer
[60]
cells .

Paris saponins

We investigated the growth inhibitory effect of Trillium
tschonoskii steroidal saponins (TTS), which were
extracted from Trillium tschonoskii Maxim, in a mouse
model of colitis-associated CRC and HT-29 cells. Forty
male ICR mice were administered with 1, 2-dimethylhydrazine (DMH) and dextran sodium sulfate (DSS).
Ten mice were given no further treatment, and the
rest were administered with different doses of TTS (5,
10, and 20 mg/kg) orally, every three days from the
th
th
9 week to the 20 week. TTS effectively protected
ICR mice from DMH/DSS-caused tumorigenesis.
The incidence of tumor development was 90%
(9/10) in the mice treated with DMH/DSS, but that
was reduced to 50% (5/10), 40% (4/10), and 20%
(2/10), respectively, in the mice treated with 5%,

Mushroom glucans

Medicinal mushrooms have been traditionally used
as a healthy food or supplement for the prevention
and treatment of several health statuses or diseases,
e.g., cancer, atherosclerosis, hypertension, and
diabetes. Polysaccharides extracted from many
edible mushrooms show promising effects in pre
venting and treating CRC. It has been found the
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10%, and 20% of TTS. Results of Ki-67 staining,
TUNEL assay and caspase-3 activity assay revealed
that TTS moderately decreased abnormal proliferation
and increased apoptosis of colonic epithelial cells. TTS
inhibited the growth and triggered the apoptosis of
HT-29 cells, partly through suppressing MAPKs and
triggering mitochondrial-mediated apoptotic pathway.
Further, we isolated a monomer, namely, Paris saponin
VII (PSVII), from TTS and evaluated its effect on
human CRC cell lines HT-29 and SW-620. The results
showed that PSVII inhibited growth of these cells
effectively. It could not only induce cell cycle arrest
in G1 phase, but also trigger apoptosis in a caspase3-dependent manner. One possible mechanism may
be through inhibition of Ras activity by PSVII. We
further proved that PSVII effectively prevented colitis
associated-colorectal carcinogenesis in an ICR mouse
model, and significantly reduced xenograft tumor
size in a murine CRC model. These preclinical studies
suggest that PSVII has potentials in the treatment of
[61]
CRC .

mitochondrial cytochrome c, PARP, caspase-9 and
caspase-3. However, suppression of AMPK with its
inhibitor compound C or small interfering RNA for
AMPK (siAMPK) completely abolished Rg3-induced
apoptosis. In addition, STO-609 (CaMKKβ inhibitor)
attenuated Rg3-induced AMPK activation and
apoptosis. These results suggest that Rg3-induced
apoptosis in HT-29 cells is mediated via the AMPK
signaling pathway.
Rh2 and Rg3 exhibited anti-proliferative and antiangiogenesis effects in vivo and in vitro through
inhibition of the NF-κB pathway, suppression of cell
proliferation and induction of apoptosis. This beneficial
effect of ginsenosides might be due to cell cycle
arrest in cancer. It seems that the G1 phase and G1/S
checkpoint were blocked by different mechanisms
[72,73]
of ginsenosides
, which involved upregulation of
p53 and p21 and downregulation of cyclin and CDK
including CDK2, cyclin E and cyclin D1 in G1 phase and
[73]
G1/S checkpoint .

Soy saponins

Ginsenosides

Frequent consumption of soy and soy-based products
is related with reduced cancer incidence particularly for
[74]
colon cancer. Kim et al examined the effect of crude
soy saponins extract on PMA (phorbol 12-myristate
13-acetate)-induced inflammatory responses. They
found that crude saponin extract suppressed cell
growth in a dose- and time-dependent manner. In
addition, crude soy saponins extract suppressed
the degradation of IKKBα in PMA-stimulated cells,
while COX-2 and PKC expression was significantly
downregulated.
[75]
Tsai et al
treated WiDr human colon cancer
cells, the same cell line as HT-29 with 150, 300, 600
or 1200 ppm of soy saponin. They found that soy
saponin decreased the number of viable cells in a
dose-dependent manner and suppressed PMA-induced
PKC activity. Cells treated with saponins developed
cytoplasmic vesicles with the cell membrane being
rougher and more irregular in a dose-dependent
manner, and eventually disassembled. At 600 and
1200 ppm, the activity of AP was increased (P < 0.05).
These findings provide another molecular basis for
understanding how soy acts to prevent inflammation
and cancer.

Ginseng, a plant of the Araliaceae family named
[62]
scientifically Panax ginseng , has a great reputation
in the treatment of cancer. Growing evidence has
shown that ginseng, especially the ingredients of
which, namely, ginsenosides, possesses beneficial
[63-65]
effects in the treatment and prevention of CRC
.
Studies on ginsenosides especially Rh2 and Rg3
demonstrated that they are most effective anti-cancer
[66-68]
compounds identified in ginseng
.
Treatment of HCT116 and SW480 cells with
ginsenoside Rh2 activated the p53 pathway, upre
gulated the level of the pro-apoptotic regulator Bax,
and downregulated the level of anti-apoptotic protein
Bcl-2. The anti-cancer effect of Rh2 could be enhanced
[69]
by antioxidants . Ginsenoside Rg3 is a single
compound isolated from American ginseng (Panax
quinquefolius L., Araliaceae) and Asian ginseng (Panax
ginseng C. A. Meyer). Rg3 inhibited cell proliferation
and viability of cancer cells in vitro. Allelic deletion of
the oncogenic β-catenin in HCT116 cells made the cells
more sensitive to Rg3-induced growth inhibition. He et
[70]
al
also demonstrated that Rg3 effectively inhibited
the growth of HCT116 xenograft tumors . Histologic
examination revealed that Rg3 inhibited cancer
cell proliferation, decreased PCNA expression and
diminished nuclear staining intensity of β-catenin. The
possible mechanisms could be partly attributed to Rg3
blocking nuclear translocation of the β-catenin protein
and hence inhibiting β-catenin/Tcf transcriptional
[71]
activity. Yuan et al found that Rg3 induced apoptosis
of HT-29 cells indicated by DNA fragmentation and
cleavage of poly(ADP-ribose) polymerase (PARP). Rg3
downregulated the expression of anti-apoptotic protein
Bcl-2, upregulated the expression of pro-apoptotic
proteins p53 and Bax, and induced the release of
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RESVERATROL
Resveratrol (trans-3,5,40-trihydroxystilbene) is a
phytoalexin found in plants including berries, grapes,
and peanuts. Numerous in vitro studies have shown
that resveratrol has anti-CRC effects by inhibiting
both tumor initiation and progression. For example,
resveratrol could suppress inflammatory responses
through decreasing nitric oxide levels and inhibiting the
phosphorylation of the IκB complex, thus suppressing
[76]
the activation of NF-κB dependent mechanisms .
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[77]

Serra et al
conducted a study by pretreating
HT-29 colon epithelial cells with 25 mM of resveratrol
and/or 500 mM of 5-aminosalicylic acid, and then
exposing the cells to a combination of cytokines (IL1α, TNF-α, IFN-c) for a certain period of time. The
data demonstrated that resveratrol, at a concentration
20 times lower than 5-aminosalicylic acid, could
significantly decrease PGE2 and NO production, iNOS
and COX-2 expression and reactive oxidant species
formation induced by the cytokine challenge. And
resveratrol downregulated JAK-STAT pathway by
decreasing the levels of activated STAT1 in the nucleus.
[78]
Liu et al
suggested that resveratrol exhibited
growth inhibitory effects in human colon cancer cells
by regulating separately the PTEN/PI3K/Akt and
Wnt/β-catenin signaling. They found that resveratrol
inhibited the proliferation and promoted apoptosis
of HCT116 cells, and suppressed the xenograft
tumor growth of colon cancer as well. Resveratrol
upregulated the expression of phosphatase and tensin
homolog (PTEN) and decreased the phosphorylation
of Akt1/2. The exogenous expression of PTEN
inhibited the PI3K/Akt signal and promoted the growth
inhibitory effects of resveratrol in HCT116 cells.
Knockdown of PTEN increased PI3K/Akt signal but
reduced the growth inhibitory function of resveratrol.
The mRNA and protein expression of β-catenin
was both reduced by resveratrol in a concentration
dependent way. Resveratrol could activate caspases-3
[79]
and -8 and increase the Bax/Bcl-2 ratio . The
process through which resveratrol promoted the
cleavage of caspases-3 and -8 was by reactive oxygen
[80]
species triggered autophagy . Several in vivo
studies have demonstrated that resveratrol possesses
beneficial effects in preventing and treating colon
tumor formation as well. Azoxymethane was used to
induce colon tumorigenesis in 344 male Fisher rats,
and then, resveratrol (daily intake calculated to be
200 mg/kg BW) was added into their drinking water
[81]
[81]
for 100 d . Tessitore et al
found that compared
with control water treatment, resveratrol treatment
reduced the appearance of ACF precursors for colon
cancer. Resveratrol also decreased the appearance of
large-sized ACF and increased the expression of Bax.
In another study, adult male Wistar rats were given
1,2-dimethylhydrazine (DMH) once weekly for the first
15 wk. The DMH-treated rats were divided into three
groups and then administrated daily with resveratrol
(8 mg/kg BW; intragastric administration). The rats of
group 1 were supplemented with resveratrol every day
starting 2 wk before carcinogen treatment for the ﬁrst
15 wk; the rats of group 2 were supplemented with
resveratrol 2 d after the last injection of the carcinogen
and continued to the end of the experiment; and the
rats of group 3 were supplemented with resveratrol
from the day of carcinogen treatment and continued to
the end of the entire experimental period of 30 wk. All
the rats were sacrificed 30 wk after the initial exposed
DMH injection. In comparison to vehicle-treated
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DMH rats, resveratrol treatment decreased tumor
[82]
incidence and the number of ACF . Resveratrol could
also reduce COX-2 activity and expression, decrease
ornithine decarboxylase that is highly expressed in
cells during cell proliferation and tumor promotion,
[83]
and increase the level of cleaved caspase-3 . A
genetically engineered mouse model for sporadic
CRC, in which the APC locus was knocked out and
KRAS was activated specifically in the distal colon,
was used to investigate the effects of resveratrol in
preventing and treating CRC. Feeding the mice with a
diet containing 150 or 300 ppm resveratrol (105 and
210 mg daily human equivalent dose, respectively)
before tumors were visible by colonoscopy, resulted
in a 60% inhibition of tumor production. In the 40%
of mice that developed tumors, KRAS expression
was lost in the tumors. In a therapeutic assay where
tumors were allowed to develop prior to treatment,
feeding tumor bearing mice with resveratrol led to a
complete remission in 33% of the mice and a 97%
decrease in tumor size in the remaining mice. It was
shown by the analysis of miRNA expression that
resveratrol treatment caused increased expression of
miR-96, a miRNA previously shown to regulate KRAS
translation in non-tumoral and tumoral colonic tissues.
These results indicate that resveratrol is able to inhibit
the formation and growth of colorectal tumors by
[84]
downregulating KRAS expression .
Many clinical pilot studies have shown that large
doses of resveratrol are comparatively safe. Twenty
CRC patients were given resveratrol at a dose of 0.5
g or 1.0 g orally for 8 d prior to surgery. The results
showed that resveratrol was well tolerated. Resveratrol
and its metabolites were detected in CRC resection
tissue. Resveratrol (0.5 g or 1.0 g) decreased tumor
cell proliferation by 5% (P = 0.005) and was enough
[85]
to elicit anticarcinogenic effects in colon tumors .
In this study, serum resveratrol concentrations of 86
and 674 nmol/mL were observed at 0.5 and 1.0 g
dose levels. Moreover, parent resveratrol accounted
for a much larger proportion of resveratrol species in
colorectal tissue than in plasma. These data support
the notion that the colorectum is a suitable target
for chemoprevention by resveratrol. Resveratrol at
doses of 0.5 and 1.0 g has the capacity to induce
[86]
pharmacological effects in the gastrointestinal tract .
Other clinical trials of resveratrol are listed in Table 1.

QUERCETIN
Quercetin (3,3’,4’,5,7-pentahydroxyflavone) is one
of the major dietary flavonoid and polyphenol found
in several fruits, vegetables and beverages such
as tea and wine. It has been shown that quercetin
plays a role in inhibiting tumorigenesis in colon cells
through antioxidant, anti-inflammatory, antipro
liferative, and pro-apoptotic mechanisms. Quercetin
downregulated Bcl-2 through inhibition of NF[86]
and inhibited phosphorylation of EGFR, thus
κB

9268

August 21, 2015|Volume 21|Issue 31|

Li YH et al . Phytochemicals in CRC prevention
suppressing downstream signaling in colon carcinoma
[87]
[88]
cells . Mutoh et al
used a reporter gene assay to
investigate the inhibitory effect of 12 flavonoids on the
transcriptional activity of COX-2 gene in human colon
cancer DLD-1 cells. They observed that quercetin was
the most potent suppressor of COX-2 transcription with
an IC50 value of 10.5 mmol/L. Dysregulation of Wnt/
beta-catenin pathway plays a key role in colorectal
[89]
carcinogenesis. Park et al
indicated that quercetin
may reduce nuclear beta-catenin and Tcf-4 proteins to
downregulate β-catenin/Tcf transcriptional activity in
SW480 cells. They found that quercetin downregulated
the transcriptional activity of β-catenin/Tcf both in
SW480 and in HEK293 cells which were transiently
transfected with constitutively active mutant β-catenin
gene. Both the electrophoretic mobility shift assay
and immunoprecipitation results showed that binding
of the Tcf complexes to its specific DNA-binding sites
was significantly suppressed by quercetin. Results of
Western blot suggested the decreased binding induced
by quercetin was caused by decreased levels of
β-catenin and Tcf-4 products in the nucleus. In another
[90]
study, Shan et al
found that quercetin reduced cell
viability in a dose- and time-dependent manner in
SW480 cells. The percentages of apoptotic cells and
cells in G2/M phase were increased obviously after
treatment with quercetin. Treatment with quercetin at
a concentration of 160 μmol/L reduced β-catenin/Tcf
transcriptional activity by about 18-fold. Quercetin
reduced cyclin D1 and survivin expression in a dosedependent manner at both mRNA and protein levels.
Activation of AMP-activated protein kinase (AMPK), a
physiological cellular energy sensor, strongly inhibits
[91]
cell proliferation in tumor cells. Kim et al
found that
treatment of HT-29 cells with quercetin significantly
decreased cell viability, induced cell cycle arrest in the
G1 phase and increased the expression of apoptosisrelated proteins, such as AMPK, p53, and p21. In vivo
studies demonstrated that quercetin treatment for over
6 wk led to a significant reduction in tumor volume.
The study suggested that quercetin may trigger
apoptosis via AMPK activation and p53-dependent
apoptotic cell death in HT-29 cells.

continues, interventions in CRC using various phyto
chemicals might eventually become a specific treat
ment of choice.
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mucosal dissection are powerful tools for treatment of
gastrointestinal neoplasms. However, those techniques
are restricted to superficial layers of the gastrointestinal
wall. Endoscopic full-thickness resection (EFTR) is an
evolving technique, which is just about to enter clinical
routine. It is not only a powerful tool for diagnostic
tissue acquisition but also has the potential to spare
surgical therapy in selected patients. This review will
give an overview about current EFTR techniques and
devices.
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Core tip: Endoscopic full-thickness resection is an
evolving technique, which is just about to enter clinical
routine. It is not only a powerful tool for diagnostic
tissue acquisition but also has the potential to spare
surgical therapy in selected patients. This review gives
an overview about the current status of endoscopic
full-thickness resection. General principles, indications
and resection techniques and -devices will be dis
cussed in detail on the basis of currently available
literature.
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INTRODUCTION
Flexible endoscopy was initially established as pure
diagnostic procedure but has evolved to an important
therapeutic modality over the last years. As a
[1]
therapeutic instrument, Conway et al recently called

Abstract
Conventional endoscopic resection techniques such
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endoscopy “truly the queen of minimally invasive
interventions, being less morbid than surgery and
without the radiation exposure of interventional
radiologic interventions”. Advanced techniques like
endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD) are well investigated
methods for endoscopic resection of gastrointestinal
[2,3]
neoplasms . However, those techniques are limited
to the superficial layers of the gastrointestinal (GI)
wall, namely mucosa and submucosa. Although
“superficial” resection may be sufficient for the
majority of indications (e.g., colorectal adenomas), fullthickness resection of the GI wall may be necessary
in a subset of cases. For example, non-lifting lesions
or neoplasms arising from deeper layers than the
submucosa are difficult if not impossible to treat with
conventional techniques due to the increased risk
of perforation. Endoscopic full-thickness resection
(EFTR) with secure defect closure may offer a safe and
-compared to surgical resection- minimally invasive
approach for those lesions. Moreover, diagnostic yield
of full thickness resection specimen may be higher
compared to endoscopic mucosal resection (EMR) or
endoscopic submucosal dissection (ESD), e.g., in case
of T1-carcinomas. Hence, there is a clinical need for
EFTR. However, for many years, it has not entered
routine endoscopic practice due to the lack of safe
techniques and devices. But what qualifies an EFTR
device for broad clinical use? Basic requirements of
such a device are: (1) safe and reliable defect closure;
and (2) good endoluminal maneuverability. The ideal
device would also be relatively easy use not only in
the hands of experts. The very first device for flexible
endoluminal full-thickness resection was introduced
[4]
back in 2001 by Schurr and colleagues . This pro
totype over-the-scope device had a flexible shaft and a
multifunctional front-end incorporating tissue retractors
and a stapling/cutting mechanism. Although it has
been used successfully in the left-sided colon in animal
experiments, the device has never entered clinical
practice, probably due to its large dimensions and the
limited endoluminal maneuverability. In the following
couple of years, no major innovations had been
published concerning EFTR devices suitable for routine
clinical use. However, extensive experimental research
on Natural Orifice Transluminal Endoscopic Surgery
(NOTES) has led to substantial progress in the field
of conservative and endoscopic management of GI
[5]
wall defects . This resulted not only in improvements
in the therapy of accidental perforations, but also
has opened the door for clinical use of EFTR. One
major innovation for example was the introduction
of the over-the-scope-clips (OTSC). Based on this
closure technique, an over-the-scope full-thickness
resection device (FTRD, Ovesco Endoscopy, Tuebingen,
Germany, see below) was developed and recently
CE-marked. Compared to the very first FTRD, the
device is much smaller, easier to use and suitable for
resections in the entire colon. With those and other
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recent developments, EFTR is now just about to enter
clinical practice and may be the next logical step
[6]
towards more extended endoscopic resections . This
review will give an overview over the current status of
experimental and clinical EFTR techniques and devices.

Literature search
The MEDLINE database was searched for articles
describing endoscopic full-thickness resection.
Keywords included “EFTR”, “Endoscopic full-thickness
resection” and “gastrointestinal AND endoscopic
full-thickness resection”. Additionally, we created
ontology-based search queries on EFTR and used the
“Ontovigilance” search engine (more information at
http://www.ontovigilance.org) to search for reports
not listed in MEDLINE.
The “Ontovigilance” search engine is an innovative
prototype system for semantic search based on
ontologies. Here, a so called Search Ontology, speci
fically designed for the identification of EFRT-related
content, was applied. The specific ontology allows the
expert the formal specification of domain concepts
(e.g., EFTR; Over-the-scope clip etc.) search terms
associated to the domain, and rules describing domain
concepts in order to generate complex search queries
[7]
connected with Boolean operators . The following
search queries were used: (“endoscopic full thickness
resection” OR eFTR) (“endoscopic full thickness
resection” OR eFTR) AND (“over the scope” OR Ovesco
OR OTSC OR FTRD); (“endoscopic full thickness
resection” OR eFTR) AND (suture OR T-Tag OR Plicator
OR Overstitch OR GERDX); (“endoscopic full thickness
resection” OR eFTR) AND (Stapler). To avoid duplicate
search results, the following databases were excluded:
Synmed, Slideshare, Mdlinx, Eventscribe, Bioportfolio,
EM-consulte, and Researchgate). Articles dealing with
non-gastrointestinal endoscopy and articles in other
than English or German language were also excluded.
We further excluded articles on laparoscopic or
combined endoscopic/laparoscopic procedures. Animal
studies as well as human case reports and studies
were included.

CURRENT INDICATIONS FOR EFTR
Indications for EFTR substantially differ in the upper
and lower GI tract. Although not yet clinical “routine”,
all mentioned indications are already applicable in
clinical practice with existing EFTR techniques and
devices. The indications for EFTR in the colorectum are
mainly suitable for resections with the FTRD System.

Upper GI tract

Subepithelial tumors (SET) arising from (or infiltrating)
the muscularis propria are the most frequent indication
for EFTR. Those tumors are difficult, if not impossible
to resect with other endoscopic techniques due to the
high risk of perforation.
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A

good indication for resection of those residual lesions.
Non-lifting adenomas without previous treatment.
Those lesions are suspicious for invasive carcinoma. In
those cases, EFTR may be done as primarily diagnostic
resection. Compared to ESD, a full-thickness resection
may increase the diagnostic yield and help to stratify
in low-risk or high-risk situation. In particular, sub
mucosal infiltration depth may be determined more
accurately by the pathologist.
Re-resection of T1-carcinomas. When a T1 carci
noma is incidentally diagnosed in a lesion, which has
been resected with conventional endoscopic methods
and R-status and/or submucosal infiltration depth
can not be determined accurately by the pathologist,
diagnostic EFTR may be the method of choice to obtain
a full-thickness resection. In case of low-risk lesions
(submucosal infiltration depth < 1000 μm, G1 or G2,
no lymphatic vessel invasion, R0-resection), it is even
therapeutic. Compared to ESD, EFTR may also be the
more radical approach resulting in lower recurrency
rates. However, comparative studies are lacking.
Adenomas at difficult anatomic locations not suitable
for “conventional” endoscopic resection. Adenomas
involving a diverticulum can be effectively resected
[8]
by EFTR . Moreover, EFTR has been proposed for
[9]
adenomas involving the appendical orifice . In those
cases EFTR may be a minimally invasive alternative for
surgical resection.
Subepithelial tumors (SET). Although a rare
indication, EFTR has been reported to be feasible
for resection of small subepithelial lesions such as
[10,11]
neuroendocrine tumors
. Conventional resection
techniques like ESD harbour a significant risk of
perforation, especially when the tumor infiltrates or
(arises from) the muscularis propria.
Diagnostic resections in patients with suspected
motility disorders. Compared to standard full-thickness
biopsies, EFTR may increase the diagnostic yield
in patients with suspected aganglionosis such as
[12-14]
Hirschsprung’s disease
.

B

C

D

Figure 1 Endoscopic full-thickness resection with prior transmural
suturing. A: Transmural sutures are placed underneath a subepithelial tumor
(schematic illustration); B: The sutures are securing gastric wall patency after
full-thickness resection; C: The GERDXTM device (G-Surg, Seeon, Germany);
D: The tip of GERDXTM device with opened branches and the central tissue
retractor.

Non-lifting recurrent or previously untreated nonampullary duodenal adenomas may also be effectively
resected by EFTR. However, this can not yet considered
to be a routine indication because data on duodenal
EFTR is very limited.

GENERAL PRINCIPLES OF EFTR
Full thickness resection naturally results in GI wall
defect. Hence, the mainstay of EFTR is secure defect
closure. Generally, there are two different approaches
combining EFTR and defect closure: (1) Full thickness
resection followed by closure of the wall defect; and
(2) Securing GI wall patency by creation of GI wall
duplication (with serosa-to-serosa apposition) before
resection (Figure 1).
EFTR followed by subsequent perforation closure
[15-17]
has been described to be feasible and effective
.
However, reliable sealing of large (> 2 cm) GI wall
defects may be difficult even with modern closure
[18]
devices like Over-the-scope Clips . Another potential
problem is that with creation of a large wall defect,
loss of air/CO2 may lead to collapse of the GI lumen

Lower GI tract

Recurrent adenomas with negative lifting sign. Although
recurrency rate after EMR has recently described to
[3]
be low , endoscopic re-treatment of those lesions is
difficult. ESD has been reported to be effective for those
[2]
lesions but is technically challenging and harbours
a substantial risk of perforation due to scarring even
in the hands of experienced endoscopists. EFTR,
especially with one-step closure/resection devices, may
be technically easier, more time effective and safer.
However, comparative studies are not yet available.
Incomplete resected non-lifting adenomas. Similar
to recurrent adenomas, scarring represents a major
problem for endoscopic re-treatment. EFTR may be a
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and failure to maintain a reasonable operative
field. Several studies investigating non-insufflation
techniques and countertraction devices/platforms have
addressed this problem, but all devices are still at the
[19-21]
stage of prototypes and far away from clinical use
.
Therefore, securing GI wall patency before resection
[22]
may be a potentially safer and easier approach . In
analogy to surgical standards, this resection technique
is based on creating a GI wall duplication with serosato-serosa apposition and therefore requires not only a
mucosal/submucosal but rather a transmural closure
mechanism. Depending on the anatomic resection
site (stomach vs colonic) and thickness of the GI wall,
transmural suturing techniques or closure with overthe-scope clips prior to resection have been described
[9,23-26]
to be clinically feasible
, whereas endoluminal
stapler-assisted methods are still in the experimental
[27]
stage of development . Another potential advantage
of prior closure is that in case of tumor fragmentation
during resection [e.g., in case or large gastric gastro
intestinal stromal tumors (GIST)], tumor seeding into
the abdominal cavity may be avoided.
EFTR followed by perforation closure may lead to
spillage of gastrointestinal content into the abdominal
cavity, which may result in intraperitoneal infection.
However, extensive research on NOTES has clearly
demonstrated that abdominal infection during
transgastric interventions is uncommon. Moreover,
experimental studies have shown that the degree of
peritoneal bacterial contamination can be reduced
by antibiotics and decontamination of endoscopic
entry routes. Also, bacterial contamination of the
peritoneum does not necessarily correlate with
[28,29]
relevant infection
. However, data on transcolonic
interventions is limited and risk of bacterial seeding is
[30,31]
likely to be higher for this access route
. Therefore,
at least for colonic resections, reliable single-step
closure/resection devices may be preferable compared
to step-by-step closure modalities in order to minimize
[32]
exposure of the peritoneal cavity to the bowel lumen .

layer over the resection site covers the perforation and
protects from mediastinitis or peritonitis. Hence, in
contrast to other EFTR techniques, endoscopic closure
of the resection site is not required. The largest study
published to date included 85 SET (60 esophageal and
9 gastric). The tumors were mainly arising from the
superficial muscularis propria (MP, 88.2%) and had a
mean size of 19.2 mm (range 10-30 mm). Complete
resection was achieved in 100% of cases with a mean
procedure time of 57.2 min. Pneumothorax occurred
in 7.1%, subcutaneous emphysema in 9.4% and
[36]
pneumoperitoneum im 4.7%, respectively . Other
smaller studies reported success rates between 78%
and 100% and complication rates between 13%
[35,37,38]
and 33%
. The most common complications
reported are pneumothorax, subcutaneous and
mediastinal emphysema and pneumoperitoneum.
While occurrence of pneumothorax generally requires
a chest drain, air leakage into the mediastinum, the
abdominal cavity and the subcutaneous tissue may not
be considered as a “complication” rather than a natural
consequence when the MP is perforated/resected. As
long as the covering mucosa over the perforation is
preserved, leakage of esophageal or gastric content is
prevented. In the clinical studies published to date, no
severe intraabdominal or mediastinal infections have
been reported. Hence, submucosal endoscopic tumor
resection using a tunnelling technique is feasible and
relatively safe for tumors originating from the MP in
the esophagus and cardia.

EFTR with subsequent clip closure

Gastric resections: Multiple asian studies reported
on pure endoscopic full-thickness resection of gastric
SET with subsequent defect closure. A study by Zhou
[15]
et al
reported full thickness resection of 26 gastric
SETs with a mean tumor sizes of 2.8 cm (1.2-4.5 cm)
arising from the muscularis propria. The tumors were
resected using ESD technique and the gastric wall
defect was closed with standard through-the-scope
clips. Complete resection rate was 100% with a mean
procedure time of 105 min; no major complications
were reported. Two other groups recently confirmed
these results in a similar studies on 35 and 48
[16,17]
patients
. Another more recent retrospective study
reported on a similar resection technique in 20 patients
with gastric SETs. In this study, the wall defects were
closed with clips and endoloops, severe complications
where not reported, en bloc resection rate was as
[39]
[40]
high as 100% . Ye et al
recently also showed
excellent results with a similar closure technique in 51
patients. There are two studies comparing laparoscopic
resection vs EFTR with secondary clip closure. Both
studies did not show significant differences in complete
resection rate, operation time and length of hospital
stay, indicating that the endoscopic approach may be
[17,41]
an alternative strategy for such lesions
.
Although the studies mentioned report excellent

EFTR TECHNIQUES
Submucosal endoscopic tumor resection

The concept of “submucosal tunnelling” in the
[33]
esophagus was initially introduced by Inoue et al
for peroral endoscopic myotomy (POEM). Only a few
years later, this technique was applied for resection of
esophageal subepithelial tumors (SET) arising from
[34,35]
the muscularis propria
. In analogy to the POEM
procedure, a mucosal incision at least 5 cm proximal to
the tumor is created and the endoscope is introduced
into the submucosal space. The tumor is subsequently
enucleated in ESD technique. After extracting the
tumor from the tunnel, the mucosal incision is finally
closed with through-the-scope (TTS) clips. The
beauty of this technique is that even if a full thickness
resection has been performed, the intact mucosal
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[51]

results with no serious complications, it must be
emphasized that defect closure with standard clips
is usually only possible for small gastric perforations.
Moreover, concerns have been raised whether
closure of only the mucosal layer is sufficient after
[42]
EFTR . A porcine study compared closure of NOTES
gastrostomies by either TTS clips or over-the-scope
[43]
clips (OTSC) . In the TTS-clip group, 3 minor and 1
major leaks were observed and four pigs developed
peritonitis. No leaks occurred in the OTSC group, and
necropsy with microscopic evaluation of the perforation
sites showed that OTSC led to a deeper defect closure
within the submucosal or muscular layer, respectively.
Another potential advantage of OTSC closure is
that OTSC deployment is a single-step procedure
compared to step-by-step closure with TTS clips (+/Endoloops) which may reduce the time of peritoneal
exposure to gastric contents. Multiple clinical studies
have shown high effectivity of OTSC for treatment of
[10,44-47]
GI wall perforations, fistulas and leaks
. EFTR
followed by defect closure with OTSC was clinically
[48]
evaluated in the EndoResect study . 20 patients
with gastric SET ≤ 3 cm were enrolled; 14 of them
were resected using a double channel endoscope, a
tissue retractor and a monofilament snare. Perforation
occurred in six patients, all of which could be closed by
OTSC application; mean procedure time was 44 min.
Although this approach is very interesting because of
its technical simplicity, most of the procedures in the
study were done under laparoscopic control. Guo et
[49]
al
most recently reported on EFTR of gastric SETs
with subsequent OTSC defect closure. All interventions
were done without laparoscopic assistance and
successful defect closure was achieved in 100% of
cases. Mean time for OTSC closure was as low as
4.9 min, reflecting the simplicity of the procedure.
However, all tumors in this study had a size of ≤ 2
cm, so the resulting wall defects should have been
relatively small. Although OTSCs are preferable over
[5]
TTS-Clips for gastric defects > 1 cm , secure closure
requires apposition of the borders of the defect
which may be difficult if impossible in case of larger
perforations.

Raju et al
published a porcine experimental study
where EFTR was performed with a band-ligationresection device. Transverse closure of the circular
perforations with TTS clips was unsuccessful in 3/11
cases, whereas longitudinal closure resulted in a
leak proof seal in 6 of 7 cases. EFTR using a ESDlike technique with subsequent TTS-clip closures has
been reported to be clinically feasible for resection of
[52]
colonic SET . However, in 2 of 16 patients required
laparoscopic closure of the colonic wall defect and 2
patients developed signs of peritonitis. Apart from this
report, there are no other clinical studies available
[53]
following this approach .
[54]
von Renteln et al
evaluated a grasp-and-snare
technique using a double channel endoscope and
tissue anchor (Ovesco endoscopy, Tuebingen) in
a porcine study. Resection yielded specimen up to
5.5 cm. Secure OTSC closure in the pigs with large
defects) 2.4-5-5 cm in only 9 of 20 cases. In contrast,
when an endoloop was used to secure the resection
base before EFTR, resection specimen were smaller
(1.2-2.2 cm) and OTSC closure led to efficient sealing
of the defects in all cases. This indeed does reflect
the clinical experience that colonic perforations up to
approximately 2.5-3 cm can be closed sufficiently with
OTSC whereas bigger defects can often not be sealed
reliably.

EFTR with subsequent suturing

While transmural suturing is a hallmark procedure
in open and laparoscopic GI surgery, endoluminal
suturing with flexible instruments is technically much
more difficult and still an area of intensive research.
Roughly, there are 3 categories of endoscopic suturing
methods: dedicated suturing devices, throughthe-scope catheter based devices and multitasking
[1]
platforms . The Over- Stitch suturing device (Apollo
Endosurgery Inc, Austin, Tex) is a commercially
available device which is mounted on the tip of a
endoscope and which was designed to create singleknot sutures. There are reports on successful closures
[55]
[56]
of post-ESD mucosal defects and a gastric fistula .
[57]
Chiu et al
demonstrated feasibility of EFTR using
a master and slave transluminal endoscopic robot
and closed the gastric perforations successfully with
the Apollo Overstitch in two live porcine models.
There are alos publications on the EagleClaw suturing
device which uses a similar principle and has been
used for closure of gastrostomies and other various
[1,58,59]
indications
. However, to our knowledge there are
no studies which further investigated EFTR with defect
closure using these over-the-scope suturing devices.
Our group reported on defect closure after
resection of gastric GIST by means of full-thickness
TM
suturing with the Plicator , Suturing device (NDO
[23]
Surgical, Inc, Mansfield, Mass) . This device was
originally designed for endoscopic antireflux therapy
and deploys transmural PTFE (Polytetraflourethylene)-

Colonic resections: Endoscopic resection of the
colonic wall can generally be achieved in 3 ways: (1)
Traction of the colonic with a forceps or an anchoring
device and snare resection using a 2-channel endo
scope; (2) suction of the colonic wall into a cap
followed by snare resection; and (3) cutting of the wall
with a knife in ESD-technique. Defect closure can then
be performed with TTS-Clips or OTSCs.
[50]
Ahmed et al
experimentally compared tractionvs suction to retract the colonic wall for EFTR. The
suction-resection technique resulted in larger resection
specimen but was associated with more injury to the
adjacent viscera compared to the traction technique;
closure of the defect was not attempted in this study.
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pledgeted sutures. Although resection and closure of
the gastric wall defect were successful in both cases
we followed a “suture first, cut later” approach for the
[24]
future cases (see below) .
[60]
Ikeda et al
were the first to investigate gastric
EFTR with perforation closure using T-Tags. The tissue
apposition system (TAS, Ethicon, Blue Ash, Ohio,
United States) is a through-the-scope instrument and
consists of a needle, which is used to transmurally
place T-tags at the edges of the perforation and
a knot-tying device. T-Tags have been used to to
close wide colon perforations, esophageal, gastric
[61-65]
[66]
and duodenal defects
. Raju et al
reported on
colonic EFTR with subsequent closure using T-Tags.
Suture closure of 2 cm defects was successful in 19/20
pigs with a median duration of 41 min for 4 sutures.
Eighteen animals survived without signs of clinical
distress and well-healed scars without peritonitis on
necropsy at two weeks. One animal failed to thrive and
necropsy revealed mild peritonitis, small abscesses,
distant adhesions and 2 mm insufficiency at the suture
site, respectively. Although T-Tag closure seemed
to be promising in numerous studies, the TAS has
been withdrawn form the market and is no longer
commercially available.
[21]
Mori et al
demonstrated the experimental use of
a Double-arm-bar Suturing System (DBSS) to close
gastric defects after EFTR. Similar to the OverStich
system, the device is mounted on an endoscope
and allow serial single-stitch sutures. Closures were
compared with hand-sewn sutures and OTSCs. No
significant difference was found in the leak tests
between the hand-sewn group and the DBSS, while
burst pressures were significantly higher in the DBSS
and hand-sewn group vs the OTSC group. The utility
of the device was also demonstrated in two porcine
[20,67]
video case reports recently
. It is noteworthy, that
all interventions with the DBSS were done without
air/CO2-insufflation, a mechanical countertraction
device was used to maintain an operative field. Both
the countertraction device and the DBSS are still in
the stage of early prototypes and are not clinically
approved.

EFTR of gastric SET in a series of 31 patients using
[25]
this “suture-first-cut-later” technique . Mean tumor
size was 20.5 mm (range 8-48 mm). Macroscopically
complete en bloc resection could be achieved in 100 %,
R0-resection rate was 90.3% with a median procedure
time of 60 min. Perforation occurred in three patients;
in all cases, the perforation was successfully closed
with additional transmural sutures. When compared
to OTSC application before resection (see below), this
method is applicable for tumors up to a size of about
4 cm. The suturing device was originally designed to
work in retroflex position, so technique is especially
suitable for tumors in the proximal corpus, cardia and
even in the fundus. In comparison to the clip closure
techniques described above, patency of the gastric
wall is secured not only by mucosal closure but rather
by full- thickness suturing with serosa-to-serosa
apposition. This technique meets surgical standards
for defect closure and may result in a more secure
and durable gastric wall repair especially for resection
of large lesions. A major limitation of this method
the need of special endoscopic equipment. Moreover,
the devices are relatively large and can exclusively
be used in the stomach. Handling of the devices also
require a certain experience, e.g., in endoscopic antiTM
reflux therapy. The Plicator device from NDO is not
any more commercially available. However, a new CEmarked single-use device is available in Europe now
TM
(GERDX , G-Surg, Seeon, Germany) (Figure 1). It
TM
uses the same suturing technique as the Plicator but
works with a hydraulic closure mechanism. This device
was used for the last two cases in our series and
TM
seems to be as effective as the Plicator . The device
is currently being evaluated in a prospective study
initiated by our group.

EFTR with flexible stapler devices

The very first report on a one-step endoluminal full
thickness resection device was published as early as
[4]
2001 by Schurr et al . The device was a combination
of a semicircular stapler and scalpel; it was also
equipped with flexible tissue graspers. The device
had a central lumen to accommodate a conventional
flexible endoscope. For resection, the tissue graspers
were used to pull the colonic wall into a resection
chamber at the head of the device, thereby creating
a full-thickness duplication. After application of 11
staples, the tissue above the staples was cut with
the integrated scalpel and the resection specimen
was retrieved within the resection chamber. This was
the very first study to show that full thickness bowel
wall resection was feasible with a flexible one-step
instrument. The results of this study were confirmed by
[68]
Rajan et al in animal experiments, yielding resection
specimen with a mean diameter of 3.6 cm. This novel
device technique represented a major advantage in
EFTR as the concept of a one-step closure-and-cut
technique without exposition of the peritoneal cavity

EFTR with prior transmural suturing

In 2008, our group reported on the concept of
applying transmural sutures underneath gastric SETs
[23]
prior to EFTR . We used a device originally designed
TM
for endoscopic anti-refllux therapy (Plicator ,NDO
Surgical, Inc, Mansfield, Mass) to place two nonresorbable transmural PTFE-pledgeted sutures
underneath the tumor. Thereby, a full-thickness
duplication with serosa-to-serosa apposition was
created and the “Pseudopolyp” was then resected
with a snare above the suture (Figures 1 and 2). In
2011, a second series with four patients undergoing
successful EFTR after deploying resorbable sutures
[24]
was published . Recently, our group reported on
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B

C

D
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F

Figure 2 Endoscopic full-thickness resection of a gastric gastrointestinal stromal tumors after prior transmural suturing. A: Endoscopic image of the
subepithelial tumor in the gastric corpus; B: EUS-image showing an inhomogeneous tumor arising from the muscularis propria; C: Two transmural sutures are
deployed underneath the tumor using the PlicatorTM suturing device; D: EUS image after suturing. The PTFE pledges are indicated with arrows; E: Resection
site. The transmural sutures are securing gastric wall patency; F: EUS image of the resection site. The PTFE pledges are indicated with arrows. EUS: endoscopic
ultrasonography.

in the gastric corpus in 3 human exenterates. The
technique has also been applied in 2 clinical cases for
successful full thickness resection of a T1 carcinoma
[70]
and a carcinoid tumor in the gastric corpus . There
is also a porcine study reporting on successful closure
[71]
of gastric defects after NOTES . The SurgAssist
device was also investigated in a non-survival porcine
[72]
study by Evans et al . EFTR was successful in only
2 cases. In the other 2, resection was limited to the
submucosa. Furthermore, parallel introduction of the
endoscope and the stapler caused one severe tear in
the esophagus. In two animals, the endoscope was
introduced through a gastrostomy port, which allowed
better visualisation and also better countertraction
of the tissue. All studies claimed limited intragastric
maneuverability of the device; moreover, parallel
introduction of scope and stapler device through

to the bowel lumen and content. However, due to the
technical requirements of a stapling mechanism, the
device was quite big with limited maneuverability and
could not be advanced beyond the left-sided colon.
Therefore, the stapling closure approach was left and
replaced by a more simple OTSC-based technique
which resulted in the recently CE marked FTRD (Full
[69]
Thickness Resection Device, see below) .
[27]
In 2006, Kaehler et al
demonstrated EFTR with
the SurgAssist System (Power Medical Interventions
Deutschland GmbH). The SurgAssist combines a 20
cm long flexible shaft with a linear stapling device
and allows electronically controlled remote release
of conventional stapler magazines. An endoscope
is introduced simultaneously to allow endoscopic
vision and to retract the gastric wall. In the study,
the technique was shown to be feasible for EFTR

WJG|www.wjgnet.com

9279

August 21, 2015|Volume 21|Issue 31|

Schmidt A et al . Endoscopic full-thickness resection
with a R0 resection rate of 100%. A drawback of
this technique is that the size of the cap limits the
maximum size of the lesion.
The novel “Full thickness resection device” (FTRD,
Ovesco Endoscopy, Tübingen, Germany) was designed
for one-step colonic EFTR after OTSC application.
Similar to the OTSC system, it can be mounted
over a standard colonoscope and consists of a long
transparent applicator cap carrying a modified 14
mm OTSC. Compared to the conventional OTSC
system, the cap is much longer (23 mm vs 6 mm)
and can therefore incorporate more tissue. A 13
mm monofilament high frequency (HF) snare is a
preloaded in the tip of the cap. The handle of the snare
runs on the outer surface of the scope underneath
a plastic sheath (Figure 3). For resection, a grasping
forceps (or a tissue anchor) is advanced through the
working channel of the scope, the lesion is pulled into
the cap thereby creating a full thickness duplication of
the colonic wall (Figures 4 and 5). Immediately after
clip deployment, the tissue above the clip is resected
with the snare above the clip. The device was firstly
introduced in 2011 and evaluated in several porcine
[69,75-77]
studies
. In the most recent study, EFTR was
done in 11 pigs at one or two sites, divided into three
[69]
study sessions/groups, respectively . Animals were
euthanized after 7 or 28 d. The colonic resections were
carried out without complications yielding specimen
with an average diameter between 3.1 and 5.4 cm. No
immediate or delayed perforations or leakages were
observed, the serosa had primarily healed after 28 d
in all cases. To date, there are three published reports
on clinical use of the device. Our group was the first
to report on successful EFTR of 3 recurrent non-lifting
[26]
colonic adenomas . At the same time, a Swiss group
published a video case demonstrating successful
[8]
EFTR of an adenoma arising from a diverticulum .
Furthermore, we recently reported on 25 patients who
[9]
underwent EFTR in the colorectum at two centers .
The majority of indications were non-lifting adenomas,
resection sites were spread throughout the colorectum
with 40% being in the right-sided colon. Technical
success was 83.3% and R0-resection rate 75%,
respectively. In this study, we did not observe any
immediate or delayed perforation or major bleeding.
However, two patients developed a post-polypectomy
syndrome after coecal resections which may reflect
local serositis after the transmural intervention. This
data suggests that EFTR with the FTRD is feasible,
effective and safe. The major limitation of the system
is the maximum size of the lesion to resect. This
strongly depends of the mobility of the colonic wall;
whereas resection specimen up to 5.4 cm have been
[69]
reported in experiments with healthy porcine colon ,
the median diameter in the mentioned clinical study
[9]
was 24 mm (range 12-40 mm) . Moreover, the
long cap limits endoscopic view and flexibility of the
endoscope tip so that advancement of the scope

A

B

Figure 3 Full thickness resection device (Ovesco Endoscopy, Tuebingen,
Germany). a: Tip of a colonoscope with the mounted FTRD. A grasping forceps
is advanced through the working channel of the scope; b: The assembled
FTRD on a colonoscopy. FTRD: Full thickness resection device.

the esophagus may be difficult and risky. There is a
more recent study reporting on successful ex vivo
closures of NOTES colostomies using a novel flexible
[73]
stapler (Covidien North Haven, CT, United States) .
Although all studies mentioned show that endoscopic
full-thickness stapling is feasible, this technique has
not been followed consequently and is still far away
from routine use for full thickness resection. The main
reason may be that due the technical requirements,
currently available stapling devices are too large
in diameter, not flexible enough and show limited
intraluminal maneuverability. Further technical
improvements including miniaturisation seem to be
necessary before use in clinical routine.

EFTR after OTSC application/FTRD

The concept of OTSC application followed by snare
resection above the clip was reported in several
clinical retrospective studies. An American group
reported about resection of small subepithelial tumors
in different locations with a mean tumor size of 13.4
[74]
mm . Lesions were located in the duodenum, in
the esophagus, in the stomach and in the rectum.
After OTSC-deployment, all lesions were resected
successfully. R0-resection was achieved in all but one
cases, respectively. A recent retrospective German
series included 17 patients with a variety of indications
including SET and relapsed or R1-resected colonic
adenomas/carcinomas; 17/17 resections were done
[11]
in the lower GI tract . Technical success was 94%
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A

management of colorectal non-lifting lesions and
will obviate the need for surgical therapy in selected
patients. This over-the-scope system shows nicely how
existing endoscopic components can be put together
to create a safe, highly efficient and easy to use onestep resection device. Another example of applying
existent devices for new indications is the suture-firstcut-later technique with the Plicator/GERDX device,
which was originally designed for endoscopic antireflux therapy. Both techniques also demonstrate
that the concept of securing GI wall patency before
resection may be a safer and -with the current
endoscopic techniques- easier approach compared to
secondary defect closure. However, for more extended
and complex resections, neither OTSC-assisted nor
rather cumbersome suturing devices will suffice to
reach the precision of a laparoscopic or open surgical
operation. To achieve this, several developments seem
to be necessary. More sophisticated and miniaturized
stapler devices may facilitate secure and precise
wall resections in the future. In our view, one-step
stapler devices may be even more important than
single-step endoluminal suturing instruments. More
extended wall resections as well as suturing require
countertraction. In the instruments available, this is
achieved by rather primitive tissue retractors running
through the working channel of the scope or through
the suturing instrument itself. The ideal endoluminal
EFTR device suitable for extended resections would be
equipped two arms which can be moved independently
of each other enabling traction and countertraction
like in laparoscopic surgery. Although such prototype
[57,78]
platforms have been investigated
, those devices
currently still seem quite far away from clinical use.
Looking at recent advances in the field of resection
and closure techniques, it is tempting to state that
EFTR is “the next logical step towards more extended
[6]
oncological resections” . However, it is noteworthy to
say that all those innovative techniques still need to
be investigated systematically. The majority of studies
cited in this review are preclinical studies with a very
limited amount of animal models or retrospective noncontrolled clinical series. Although most resection
and closure techniques seem to be feasible and safe,
there is still a significant lack of prospective clinical
trials. At least for the FTRD System, two prospective
German trials have been initiated. The “WALL RESECT”
study (NCT02362126) is a single-arm multicentre
study investigating efficacy and safety of the device
for resection of (mainly non-lifting) lesions in the
colorectum. The “FIRE” study (NCT02353533) is a
randomized monocentric trial investigating EFTR vs
EMR for “difficult-to-resect” colorectal adenomas. There
is also a prospective uncontrolled study investigating
efficacy and safety of GERDX-mediated resection of
gastric SETs (“FROST” study, NCT Nr pending), which
has just started to recruit patients. The next step to
would certainly be to directly compare those techniques
with the surgical standard.

B

C

Figure 4 Schematic image of the resection procedure with the fullthickness resection device. a: The lesion is grasped with a forceps and pulled
into the cap thereby creating a full-thickness duplication of the colonic wall; b:
The over-the-scope clip is deployed; c: The tissue above the clip is resected
with the integrated snare.

thorough the sigmoid or beyond colonic flexures can
be difficult. The device was just recently CE marked for
colonic EFTR and is commercially available in Europe.
Although it has also been used for duodenal resections
(Schmidt et al, manuscript accepted) we would like to
stress that it is currently not approved for use in the
upper GI tract. Full thickness resection in the stomach
may not be possible due to the thickness of the gastric
wall. Furthermore, the outer diameter (21 mm) of the
device and its sharp edges limit peroral introducability,
so that modifications of the device seem to be
necessary before routine use in the upper GI tract.

LIMITATIONS OF EFTR AND FUTURE
DIRECTIONS
With the development of secure endoscopic closure
techniques, major progress has recently been made in
(at least partly) transferring an experimental technique
into clinical routine. The best example is surely the
OTSC-based FTRD which will truly change the clinical
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B
C

C

D

Figure 5 Endoscopic full thickness resection of a non-lifting recurrent adenoma in a patient with a polyposis syndrome. a: Endoscopic image showing a
polypoid and centrally depressed non-lifting adenoma (2.5 cm) in the sigmoid (Narrow band imaging mode); b: View with the mounted full thickness resection device
(FTRD, Ovesco Endoscopy, Tübingen, Germany); c: The lesion is pulled into the cap with a forceps; d: Resection site. The over-the-scope clip is securing gastric wall
patency.

Furthermore, at this early stage of development
it is not yet clear to which extend endoscopic inter
ventions will be able to replace oncologic surgical
resections. A minimal-invasive endoluminal approach
may be ideal for lesions with low risk of tumor seeding
like advanced adenomas, “small” mesenchymal
tumors or even a subset of early carcinomas. For more
advanced lesions, more extended resection including
lymph node dissection is generally necessary, and at
least at this point of development, this is not possible
with the endoscopic-endoluminal approach.
In summary, recent developments have finally
brought EFTR into clinical routine for selected indi
cations. This progress has again pushed the frontiers
of endoluminal resections towards transmural inter
ventions. However, prospective clinical trials as well as
technical improvements regarding resection/closure
devices and - platforms are necessary for further
development of this evolving technique.
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TOPIC HIGHLIGHT
2015 Advances in Gastrointestinal Endoscopy

Local excision by transanal endoscopic surgery
Luis J García-Flórez, Jorge L Otero-Díez
main indication was the resection of endoscopically
unresectable adenomas. In recent years, these tech
niques have become more widespread which has
allowed them to be applied in conservative rectal
procedures for both benign diseases and selected cases
of rectal cancer. For more advanced rectal cancers it
should be considered palliative or, in some controlled
trials, experimental. The role of newer endoscopic
techniques available has not yet been defined. TES
may allow for new strategies in the treatment of rectal
pathology, like transanal natural orifice transluminal
endoscopic surgery or total mesorectal excision.
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Core tip: In recent years, the diffusion of transanal
endoscopic surgery techniques has allowed the
application of conservative rectal procedures in both
benign diseases and selected cases of early rectal
cancer. For more advanced rectal cancers it should
be considered palliative or, in some controlled trials,
experimental and may allow for new strategies in the
treatment of rectal pathologies.
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Abstract
Transanal endoscopic surgery (TES) consists of a
series of anorectal surgical procedures using different
devices that are introduced into the anal canal. TES
has been developed significantly since it was first used
in the 1980s. The key point for the success of these
techniques is how accurately patients are selected. The
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INTRODUCTION
Transanal endoscopic surgery (TES) consists of a series
of anorectal surgical procedures using different devices
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procedures was developed by Buess et al in the
mid 1980s. (Transanal Endoscopic Microsurgery, TEM,
Richard Wolf, Germany). TEM instruments consist
of a 3D optic viewing system with specific operating
instruments and an endosurgical unit. The operating
instruments include the operating rectoscope (4 cm
in diameter, 12 or 20 cm in length), the stereoscope
and instruments for dissection, excision and suturing.
The endosurgical unit provides insufflation, suction,
irrigation and continuous monitoring of intrarectal
pressure. The rectoscope and its attachments are
secured to the operating room table using a multi
jointed clamp, Martin’s arm (Figure 1A). It was costly
equipment and required specific training, so its spread,
mainly in high-volume colorectal surgery units, was
slow.
A few years later a cheaper alternative was
introduced. The transanal endoscopic operation (TEO,
Karl Storz, Germany), which was a newer and simpler
system, has become widely implemented. It does not
use the 3D optic system and has a shorter rectoscope
(4 cm in diameter, 7.5 or 15 cm in length). Standard
laparoscopic instruments, equipment and set up costs
are lower, potentially opening the technique to any
surgeon with previous laparoscopic experience. The
main difference is a lack of binocular vision (Figure
1B). Several studies have compared TEO with TEM
for benign and malignant lesions and have shown
[5,6]
satisfactory outcomes .

Table 1 Applications of transanal endoscopic surgery
Pelvic abscess
Benign rectal stenosis
Rectal Dieulafoy's lesion
Rectourethral fistula
Gastrointestinal stromal tumour
Rectal condylomata acuminata
Rectal prolapse
Impacted fecaloma
Rectal perforations
Presacral tumor
Foreign body
Neuroendocrine tumour
Transanal total mesorectal excision

that are introduced into the anal canal. These devices
allow the creation of a stable pneumorectum and
offer a number of working channels that enable the
introduction of optics and instruments for maneuvers
of dissection, cutting, coagulation and suture. In
recent years, the greater spread of these techniques
has allowed the application of conservative rectal
procedures in both benign diseases and selected cases
of rectal cancer. The purpose of this article is to review
the current indications of local excision, technical
options available, and outcomes.

INDICATIONS
The key point for the success of these techniques lies
in how accurately patients are selected. Preoperative
workup includes physical exploration with digital rectal
examination, fecal incontinence score, endoscopy,
endoscopic rectal ultrasound (ERUS), pelvic magnetic
resonance imaging (MRI) and abdominal CT in case
of malignancies. Digital examination plays a key role.
Magnification chromoendoscopy, ERUS and MRI are
complementary staging modalities. TES has developed
significantly since it was first used in the 1980s. The
main indication was the resection of endoscopically
unresectable adenomas. Local excision with TES has
also shown benefits treating selected early rectal
cancers. For more advanced rectal cancers it should
be considered palliative or, in some controlled trials,
experimental. With the development of the technique
and the experience of surgeons, the indications have
been increased. There are many applications beyond
local excision, the most important in recent years is
the development of transanal total mesorectal excision
[1-3]
(TME)
(Table 1). Nowadays, we can consider
these platforms as an important part of the colorectal
surgeon’s armamentarium, available for solving
complex proctologic diseases, and may offer new
strategies in the treatment of rectal cancer.

Soft platforms

In recent years, the procedure known under the name
of Transanal Minimally Invasive Surgery (TAMIS) has
become increasingly more popular. Reported by Atallah
[7]
et al in 2010, the technique stems from the use of
a single port initially designed for abdominal surgery.
TAMIS is defined as the use of any multichannel port
combined with ordinary laparoscopic instruments, a
º
laparoscopic camera lens (preferably 5 mm and 30 ),
and a standard laparoscopic insufflator. Currently in the
United States there are two ports with Food and Drug
Administration (FDA) approval for TAMIS. They are the
single-incision assisted laparoscopic surgery (SILS)
Port (Covidien, United States) and the GelPOINT Path
Transanal Access Platform (Applied Medical, United
States). The latter is the only multichannel port
specifically designed for TAMIS procedures (Figures 1C
and 2). Standard laparoscopic instruments available at
any operating theatre allow any experienced colorectal
laparoscopic surgeon to perform the procedure
without additional investment. It is also possible to
use a flexible endoscope as a camera and offers an
additional way to grasp or retract the bowel with an
[8]
endoscopic grasper (eTAMIS) .
A variety of multichannel ports can be applied
[9-14]
transanally
(Table 2). Since the inception of TAMIS,
at least 390 procedures were reported worldwide
[15]
from 2010 to 2013 . Robotic-TAMIS have also been
reported, but with limited data. Success with robotic-

TECHNICAL OPTIONS
Rigid platforms

The first specifically designed device for these
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A

B

Figure 2 GelPOINT Path transanal port.

still recommend turning the patient for large anterior
lesions, especially if the distance from the anal verge is
in a range where there might be a risk of opening the
peritoneum.
The pneumorectum is maintained at a constant
pressure. Rectal distension created in this way exposes
the tumour and the rectal wall. Some groups are
now using the AirSeal system insufflator (SurgiQuest,
United States) to maintain a stable pneumorectum
[20]
during TAMIS . Right-angle camera cords can improve
[21]
ergonomics and decrease instrument collision . Care
must be taken to avoid entering the abdominal cavity
whenever it is possible. As usual, we recommend
beginning the dissection making a dotted line with
the monopolar scalpel about 10 mm from the tumour.
We then open the mucosa over the dotted line and
begin the full-thickness excision of the rectal wall
reaching the mesorectal fat using an ultrasound scalpel
(Ultracision, Ethicon Endo-Surgery, United States)
allowing a good hemostasis. Conventional laparoscopic
instruments are suitable for TAMIS, but advanced
laparoscopic instruments can be employed, like
linear staplers, vessel-sealing systems or articulating
[7,9]
instruments . We usually wash the rectal defect with
diluted povidone, and we recommend exsufflating the
rectum after complete resection, then wait 3-5 min
and reinsufflate in order to assure good hemostasis.
The defect is sutured transversally to avoid stenosis of
the rectal lumen and postoperative bleeding. Suturing
in this area is sometimes difficult for technical reasons
as the working space is limited. For defect closure
different techniques are frequently used, such as clipfixated sutures. If the defect cannot be completely
closed, it should be reduced to the maximum, especially
in the upper rectum, due to the risk of perforation. We
are now using barbed sutures, that display the same
bursting pressure as monofilament sutures, and their
[22]
use for rectal wall closure seems feasible . Suture
line dehiscence is described in up to one-third of
[23]
patients but mainly remains clinically unrecognized .
The dehiscence is presumably related to the wider
size of the residual cavity. Obliteration of the residual
perirectal space with a hemostatic agent and by the

C

Figure 1 Transanal endoscopic microsurgery (A), transanal endoscopic
operation (B) and single-incision assisted laparoscopic surgery (C) port.

TAMIS has been demonstrated with various patient
[16-18]
positions and using a glove port
. Regardless of
which platform is used, the basic principles of the
procedure remain the same. Although alternate
synonyms for TAMIS exist, it could be a valid generic
term for all procedures using multichannel disposable
ports regarding transanal minimal access surgery.

OPERATIVE TECHNIQUE
Mechanical bowel preparation, antibiotic and anti
thrombotic prophylaxis are usually recommended.
[19]
Anesthesia may be general or spinal. Lee et al have
reported a series of 25 TAMIS using spinal anesthesia.
In TEM the surgeon works with the tumour visible in
the lower part of the rectoscope at all times, so the
positioning of the patient depends on the location of
the rectal tumour. In TAMIS the majority of lesions
can be excised in a lithotomy position. However, we
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the operative site, especially for the upper and deep
limits of the tumour, enhancing monobloc excision.
TAE was associated with a significantly increased risk
of fragmentation and R1 resection, leading to a higher
[28,29]
risk of local recurrence (LR)
. A meta-analysis has
confirmed a higher rate of R0 resection and disease[30]
free survival after TEM . Recently reported by
[31]
Elmessiry et al , when TAE and TEM were compared,
the latter resulted in a greater number of tumourfree excision margins, especially at the deep margin,
and enabled a full-thickness whole specimen rather
than a fragmented one. There was, however, no
significant difference in LR or survival between the two
techniques.
The limits of these techniques lie chiefly in the
size and the circumferential extension of the lesions.
Classically, the technique is recommended for
superficial rectal tumours up to 3 cm in diameter
and involving up to 40% of the rectal circumference.
Nowadays we can consider that there are very few
limits in terms of the location (anterior, lateral) of the
lesion. In fact all four quadrants can sometimes be
reached if the lesions are not particularly wide and
if the size does not exceed the height permitted. It
is possible to excise adenomatous lesions that cover
even more than three quadrants of the circumference.

Table 2 Transanal ports
SILS port (Covidien, United States)
Gel POINT Path (Applied Medical, United States)
SSL port (Ethicon, United States)
Triport (Olympus, Japan)
Glove port
Long Gel POINT Path (Applied Medical, United States)
Endorec (Aspide, France)
Single ballon trocar (pediatric use)
SILS: Single-incision assisted laparoscopic surgery.

introduction of gauzes into the rectal ampulla, may
reduce the risk of postoperative perirectal abscess, and
[24]
thus reduce the suture line dehiscence rate .
In centres with TEM experience, the average
duration of surgery ranges from 45 to 120 min.
Also, a number of studies have reported significantly
decreased duration of surgery for TEM compared with
[25]
radical surgery . Several large studies have reported
hospital stays of 4-5 d with low readmission rates.
Some articles have also shown that 23-h discharge is
safe, although the number of patients in these studies
[26]
is small .

BENEFITS AND LIMITATIONS
Most experience with TES is derived from TEM and
TEO. In a recent prospective randomized clinical trial,
no technical or clinical differences were observed
between the results obtained with the two systems
[6]
except lower cost with TEO . For some authors, the
introduction of the TAMIS port into the anal canal is
[9]
more complex than in TEM or TEO . A SILS port can
be used in patients with narrow or fibrotic anal canals
which do not allow the GelPOINT Path transanal access
device to be introduced. A further disadvantage of
TAMIS is that the rectoscope cannot be mobilized at
the site of the lesion; rectal lesions located behind a
rectal haustral valve may be more difficult to access
and remove. The longer channels associated with
TEM and TEO equipments facilitate intraluminal rectal
retraction. A new disposable port (GelPOINT Path Long
Channel) can reach lesions up to 15 cm from the anal
[27]
verge . In addition, an assistant is required to hold
and manipulate the laparoscope during the TAMIS
procedure.
Traditionally, the upper limit of dissection is 10
cm for anterior tumours, 12 for lateral and 15 cm
for posterior tumours. The limit for low lesions is the
anal verge itself, but air-tightness of the insufflation
system may be compromised for tumours less than
4 cm from the anal verge and therefore traditional
transanal local excision (TAE) is sometimes better for
these lower tumours. Nonetheless, the operation can
begin by TAE and then be converted to TES to finish.
In experienced hands, TES is capable of providing high
quality local excision with a reach triple to that of Park’
s TAE. TEM offers excellent magnified exposure of
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POSTOPERATIVE COMPLICATIONS
Whichever technique is used, morbidity and mortality
are lower than for radical surgery. Operative mortality
is less than 0.5% and morbidity ranges from 4% to
30% in large series, depending on the inclusion of
[32]
minor complications. Bignell et al found that the use
of the harmonic scalpel reduces the complication rate.
The most frequent complications include acute urinary
retention (0%-11%), bleeding requiring re-operation
(0.7%-9%), entry into the peritoneum (6%-20%) and
[33]
[34]
recto-vaginal fistula (0.3%-1.4%) . Kumar et al
found that the size of the tumour was associated with
a risk of bleeding and anterior and lateral location was
associated with a risk of peritoneal violation and acute
[35]
urinary retention. Kreissler-Haag et al
assessed
the anatomical variables of rectal neoplasia as well as
surgeon experience on postoperative complications in
patients undergoing TEM, they found 0.3% mortality
and a 9% overall complication rate, including bleeding,
fecal incontinence, dysuria, pneumonia, myocardial
infarction and pulmonary emboli. Complications
correlate with tumours located laterally and more
than 8 cm from the anal verge. Overall surgical
complications did not correlate with the number of TEM
procedures performed, suggesting a short learning
curve for the procedure in surgeons with previous
experience in minimally invasive surgery.
Pelvic sepsis, which occurs in about 3% of cases, is
more common in lesions within 2 cm of the dentate line.
Regarding peritoneal perforation, although it was once
thought to represent a complication requiring conversion
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[56]

to laparotomy or even a stoma, in experienced hands
[36,37]
this can usually be salvaged by TES
. A multicenter
study performed from a database of 888 TEM proce
dures, found 22 perforations into the peritoneal
cavity. They reported no association with major shortterm complications or adverse long-term oncological
[38]
outcomes . Postoperative complications may be
greater after neoadjuvant chemoradiation and include
pain and wound dehiscence, but the majority seems to
[25,39-43]
be minor and can be treated conservatively
.

operative assessment. Serra-Aracil et al , found 52
out of 277 lesions (18.8%) with preoperative diagnosis
[57]
of adenoma to be invasive carcinomas. Dash et al
found that 13% of 167 benign lesions (with non fullthickness excision) were unexpected cancers. This is
not related to the type of lesion, although exophytic
lesions may be harder to assess and classify by
[57]
ERUS . The rate of occult carcinoma may be as
high as 40%, depending on pre-operative imaging
[43]
assessment . Higher frequency scanning probes and
coupling gels seem to have shown better accuracy
[58]
for early stage cancer . Real-time elastography has
been used to assess adenomas and early cancers,
and has shown promising discrimination between
[59]
them . Some recent studies have investigated the
role of ERUS, compared with MRI, for the staging of
large rectal adenomas, reporting similar rates of overstaging, but MRI might be more appropriate in case of
proximal tumours that cannot be reached by the ERUS
[43]
probe .

OUTCOMES
Functional outcomes

Anorectal function after TEM has been addressed in
[26,43,44]
several studies
. The evidence available suggests
that the TEM procedure seems to have no permanent
deleterious effect on fecal continence. Although TEM
can cause manometric alterations, it does not affect
[45]
clinical continence scores . Short-term functional
results of TAMIS are also excellent and comparable
[46]
to functional results using the TEM equipment .
In many patients with pre-existent impairment of
anorectal function, their functional outcome after
TES is significantly improved, probably secondary
[47]
to excision of a mucous producing lesion . Some
patients will develop anorectal dysfunction but this is
associated with excision of large lesions with changes
[48]
in rectal capacity and compliance .
Sexual or urinary disorders are very rare. When
circumferential lesions are resected, particularly
carpet adenomas, there can be a higher rate of rectal
stenosis. Stenosis will normally respond to surgical or
[49,50]
endoscopic balloon dilatations
.

Carcinomas

Radical surgery with TME is still the cornerstone for the
treatment of rectal cancer, offering patients the best
[60]
results in terms of LR and disease-free survival ;
however it is associated with significant mortality
[61]
and morbidity rates . According to the accumulated
experience over the last years, TEM-TEO procedures
have been accepted as effective treatments in selected
patients with early rectal cancer, with similar oncologic
outcomes as radical surgery and better functional
[62,63]
results
. Recently, TAMIS has been proposed as an
alternative with the same indications, but there is still
limited experience in rectal cancer using this approach
[27,15,31,43,64-67]
because of its short follow-up
.
Appropriate patient and tumour selection is
the main challenge and preoperative staging is of
paramount importance for decision-making. Tumour
biopsy offers a low accuracy, with a histological
[68]
discrepancy of up to 20% or even higher . Despite
improvement in imaging techniques, there are patients
[43]
who are not accurately staged . ERUS appears to be
the most accurate diagnostic tool for assessing tumour
invasion of the rectal wall, especially for small lesions.
MRI is more accurate detecting mesorectal invasion
and the relation of the tumour with puborectalis muscle
and anal sphincter in low cancers, and is preferred for
N-staging because it allows for the evaluation of the
[25,33,40,61,63,69-71]
whole mesorectum
.
Unfavourable histological characteristics related
to a high incidence of positive lymph nodes (N+) and
recurrences are: Tumours larger than 3 cm or involving
more than one third of the rectal lumen, rectal wall
invasion more than T1 sm1, positive resection margins
(< 1 mm), poorly differentiated adenocarcinomas,
presence of lymphatic, venous or perineural invasion,
[25,31,40,63,72-76]
mucinous component and tumour budding
.
High-risk T1 tumours are more likely to be N+

Adenomas

TEM has been used primarily for resection of large
[25,51,52]
adenomas of the rectum
. The evidence supports
TEM as the preferred approach to rectal adenoma
resection when endoscopic removal is not possible with
safety or without fragmentation, with excellent results,
low recurrence rates and a favorable complication
[25,53,54]
profile compared with TAE or radical resection
.
It would be of interest to report and evaluate the
results with more TAMIS series including margin
status, specimen fragmentation, and complications
associated with the technique in a similar way to the
TEM-TEO series. Since a LR rate is higher after excision
of adenomas larger than 5 cm, a strict follow-up is
recommended. In cases of recurrent adenoma, TEM
has been shown to be an important therapeutic option
[55]
with no increased morbidity .
There are still some limitations in the pre-operative
diagnosis of large rectal adenomas. Even though
ERUS appears to be the most accurate pre-operative
diagnostic tool for investigating tumour invasion, the
rate of incidental carcinoma in lesions with benign
appearance is significant even with multimodal pre-
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cases. The quality of mesorectum was moderate or
poor in 36% of cases in the pathological exam; all
of them were in the difficult group, associated with
previous full-thickness resection and low tumours.
The resected tumours with a good TME specimen
had a significantly better 5-year disease-free survival
compared to inferior specimens (100% vs 51%).

compared to low-risk T2 tumours. Due to a lack of
accuracy in the preoperative staging, full-thickness
resection with a macroscopic margin of 10 mm is
[33,40,54,61,62,77]
[78]
generally recommended
. Some authors
remove the perirectal fat to reach the mesorectal fascia,
but there are some concerns about the possible major
interference in case of completion surgery.
As mentioned above, TEM allows local excision
to be performed with a lower positive margin rate
compared to conventional TAE, less fragmented
[28,29]
specimens and better oncologic outcomes
. In
a multivariate analysis, TAE was an independent
[31]
predictor of LR when it was compared to TEM .
The rate of reported involved margin in the surgical
[27,15,66]
specimen in TAMIS procedures is 4.4%-6%
,
figures similar to those obtained with TEM, and seems
[25,54,79]
to be related with the T stage
. Some studies
have compared TEM with radical TME resection in early
rectal cancer, finding similar results in terms of LR and
[77,80]
survival
. In the meta-analysis performed by Winde
[81]
et al , the rate of LR was higher with TEM (12% vs
0.5%) but no difference in survival was found. Similar
[25,64,80,82]
conclusions were reported by others
. We have
to take into account that TES is more frequently used
in distal tumours, which have poorer prognosis when
they are compared with upper rectal lesions.
TES seems to be a reasonable alternative to
radical resection in patients with low-risk T1N0 rectal
[25,33,40,61,62,64,80,83]
cancer
with LR rates ranging from
0%-39%. These wide differences can be explained
by the heterogeneity of cases, different selection
criteria, risk characteristics, and surgical techniques,
[25,30,68,77,78,81,84-87]
but the majority are under 10%
. The
level of submucosal invasion (sm level) has been
demonstrated to be a strong predictor of recurrence,
with sm1 lesions showing lowest levels of LR and
[66,72]
sm2-3 lesions with LR rates similar to T2
. 5-year
survival is consistently high in pT1, ranging 80%-100%,
depending on the number of patients with high-risk
[25,68,78,81,83,85,87,88]
tumours
.
TES alone is not suitable treatment for fit patients
with staged T2 or worse tumours, considering that the
[25,54,61,64,77,79,80
risk of LR varies between 9.5% and 47%
,83-89]
. But even in these cases there are considerable
[90]
differences between low and high-risk cancers .
TES might be offered to patients with high-risk T1 or
T2-3 tumours with poor life expectancy and multiple
co-morbidity, unfit for major surgery, offering a
reasonable chance of success, or simply as palliative
[40,61,80]
treatment in case of disseminated disease
.

Surgery for recurrence

Salvage surgery for recurrence after TES offers
disappointing oncologic outcomes, the stage is usually
more advanced than in primary tumours and may
require multivisceral resection and an ostomy in up to
43% of cases. Survival is seriously compromised, with
a 5-year survival ranging 43%-68%, dropping to 29%
[40,84,93]
in patients with unfavourable histology
.

TES and adjuvant therapy

In patients with high-risk pT1 or pT2 after local
resection, adjuvant radiotherapy could be an option
for selected patients who decline completion surgery
or are too frail for radical surgery. Even though
radiotherapy appears to have some benefits added to
[62,64]
TES, it is not equivalent to radical surgery
. There
[94]
are some promising studies, such as Duek et al ,
with no LR at 3-year follow-up in 12 patients with T2
tumours treated with local resection and adjuvant
[95]
radiotherapy. Ramirez et al
reported 28 pT1 highrisk and pT2 low-risk patients treated with local
excision and radiotherapy, with a LR rate of 10.7%
and a 5-year cancer-specific survival rate of 93%.
[90]
Borschitz et al
had a LR rate 16% in low-risk pT2.
But other groups showed worse results, with LR rates
[79,86]
over 30%
.

Neoadjuvant therapy and TES

Tumour response to chemoradiation therapy (CRT)
may define a subset of patients with a particularly
good prognosis, who could benefit from a rectal
sparing approach. Patients with early stage rectal
cancer seem to respond better. Complete pathological
response can be achieved usually in 10%-25%, but
[42,96]
can even reach 45%
. Reliable assessment of the
rectal wall and nodal status of mesorectum after CRT
remains challenging, because of the induced edema,
inflammation and fibrosis. Furthermore, endoscopic
biopsies are unreliable to rule out residual cancer cells
[42,96]
in rectal wall
. TES may play a role as a diagnostic
procedure in selected patients with complete clinical
[85,97]
response to rule out tumour persistence
.
There are several studies which have shown
similar oncological outcomes for T2 rectal cancers
comparing neoadjuvant therapy and TEM with radical
[40,79,98]
resection
. Other authors confirmed these
good results in T2, with no LR in patients who had a
[54,78]
significant response to CRT
. The best candidates
for TES following CRT are those with complete
[41]
pathological response . Partial tumour response to

Completion surgery

When pathological evaluation of the TES specimen
reveals tumour invasion beyond pT1 sm1 or highrisk features, immediate radical surgery with TME
[25,27,40,43,54,65,85,87,91]
is recommended
. As a matter for
[92]
concern, Hompes et al reported that they had found
the completion surgery procedure difficult in 53% of
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CRT has increased risk of recurrence after TES, being
[99-101]
ypT stage the strongest prognostic factor
. CRT
followed by TES may be a promising way to treat
the best responding patients with distal rectal cancer
who may require an abdomino-perineal resection or a
coloanal anastomosis, but only in well selected cases
and in the setting of a controlled clinical trial. It may
also be an option as palliative treatment, for patients
who refuse a permanent ostomy or are unfit for major
surgery.

in Early Rectal Cancer) is offered for patients with
early rectal cancer (T1-2N0). Patients are randomized
between radical TME surgery and short-course
neoadjuvant radiotherapy with delayed local excision
[43]
at 8-10 wk .
There are several new techniques and approaches
under investigation, which are still preclinical or
experimental, such as transanal natural orifice
transluminal endoscopic surgery (NOTES), transanal
[25,43,107]
TME, and robotic-TES
. TES platforms seem
to be safe for both transanal NOTES and TME proce
[108,109]
dures
. Robotic technology can lower the difficulty
inherent in the TES platforms for performing such
[110]
procedures
. Clinical trials are necessary for full
evaluation of these techniques.

ALTERNATIVES
Conventional endoscopic mucosal resection (EMR)
cannot provide en bloc resection in cases of large
[102]
lesions. Barendse et al
have published a systematic
review on safety and effectiveness of EMR vs TEM
for large rectal adenomas. The study has shown the
safety of EMR with a lower rate of morbidity but a
higher recurrence rate. We are waiting for the results
of an ongoing prospective randomized trial by a
multicenter collaboration group of Dutch endoscopists
and surgeons (TREND study) that compares the costeffectiveness of EMR and TEM for the resection of large
[103]
(> 3 cm) rectal adenomas .
In recent years, the endoscopic submucosal dis
section (ESD) technique was introduced to allow more
en-bloc resections, especially in lesions larger than 20
mm. However, ESD has not gained wide acceptance in
western countries because it is technically challenging
and time consuming, requiring a steep learning curve,
while it is affected by a consistent rate of complications
(29.2%) and allows a rate of R0 resections of no more
[104]
than 72.9% of cases .

CONCLUSION
TES has improved significantly since its introduction
in the 1980s. In recent years, the spread of these
techniques has allowed the application of conservative
rectal procedures in both benign diseases and selected
cases of early rectal cancer. For more advanced rectal
cancers it should be considered palliative or, in some
controlled trials, experimental. The role of newer
endoscopic techniques available has not yet been
defined. TES may offer new strategies in the treatment
of rectal pathology, like transanal NOTES or TME.
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pancreatic resection is not possible. The aggressive
nature of pancreatic tumor cells lies in the complex
genetic mechanisms behind their uncontrolled capability
to grow and metastasize, which involve essential
adaptive changes in cellular metabolism, signaling,
adhesion and immunoediting. In addition, PDAC cells
promote a dense functional stroma that facilitates
tumor resistance to chemotherapy and radiation.
During the last two decades, gemcitabine has been
the reference for the systemic treatment of PDAC.
However, recently, a regimen combining fluorouracil,
irinotecan, oxaliplatin, and leucovorin (FOLFIRINOX)
and another combining albumin-bound paclitaxel with
gemcitabine have shown clear therapeutic advantage
in advanced PDAC, with survival outcomes of 11.3 and
8.5 mo on phase Ⅲ trials, respectively, over singleagent gemcitabine. With the pending issue of their
higher toxicities, these regimens set the reference for
ongoing and future clinical studies in advanced PDAC.
In addition, the efficacy of oral fluoropyrimidine (S-1)
has been well documented in Asiatic PDAC patients.
The development of therapeutic approaches other than
cytotoxic drugs has proven difficult in the past, with
only one drug (erlotinib) approved to date. Besides,
a number of agents targeting signaling pathways in
tumor or stroma cells are being investigated. Likewise,
immunotherapies that target PDAC in various ways are
the subject of a number of clinical trials. The search
for reliable biomarkers with diagnostic and prognostic
value using genomics and mass spectrometry methods
may facilitate monitoring and refinement of therapies.
This review focuses on current understanding of the
pathogenesis of PDAC and the latest developments in
the treatment of advanced PDAC.

Abstract
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Pancreatic ductal adenocarcinoma (PDAC) is an
incurable lethal disease whose incidence rate is
growing. There is no effective screening for detection
of early stage tumors and, in most cases, PDAC is
diagnosed at advanced disease stages, when radical
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tening, fast evolving disease for which there is no cure.
Recently, new chemotherapy regimens have shown
significant improvement in survival in patients with
advanced disease, opening a way for further progress.
New therapeutic strategies based on targeted inhibitors
or immunotherapy approaches, in particular antibody
and adoptive T cell therapies, are getting growing
attention as they are proving beneficial in pre-clinical
and early phase clinical studies in combination with
chemotherapy. Progress in understanding pancreatic
tumor genetics, epigenetics and metabolism is pro
viding new biomarkers that may be of value in early
detection and progression assessments.

pancreas, close to the duodenum, is referred to as the
head, the middle portion is called the body and the
rest, called tail, extends to the hilum of the spleen. The
exocrine pancreas produces the digestive enzymes
and represents more than 95% of the pancreatic
mass. The endocrine part (the islets of Langerhans)
comprises only 1%-2% of pancreatic mass. A ductal
system drains the enzymes produced by the acinar
cells in a bicarbonate-rich medium secreted by the
ductal cells.
At the histopathologic level, PDAC develops in a
stepwise progression from low grade to high grade
dysplastic lesions known as pancreatic intraepithelial
neoplasia (PanIN) types 1, 2 and 3. In addition,
intraductal papillary mucinous neoplasms (IPMN) are
considered precursor to invasive pancreatic cancer.
These tumors transform the stroma into a dense
[5,6]
connective tissue called desmoplastic reaction , a
microenvironment consisting of extracellular matrix
proteins (hyaluronic acid, type Ⅰ and Ⅲ collagens
and fibronectin), fibroblasts, pancreatic stellate cells
(myofibroblast-like cells with tissue maintenance
function), inflammatory immune cells, endothelial cells,
pericytes and nerve fibers. PDAC cells stimulate the
stroma and induce the desmoplastic reaction, whereas
stroma cells release factors that stimulate tumor
cell proliferation, escape from immune surveillance,
[7]
invasiveness and resistance to therapy . However,
several lines of evidence coming from studies in mouse
models suggest that stromal cells may also detain
[8-10]
tumor growth directly or indirectly
.

Cid-Arregui A, Juarez V. Perspectives in the treatment of
pancreatic adenocarcinoma. World J Gastroenterol 2015;
21(31): 9297-9316 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9297.htm DOI: http://dx.doi.
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INTRODUCTION
Over 95% of pancreatic cancers develop in the
exocrine pancreas. Of these, about 95% are adeno
carcinomas originating in the ducts of the pancreas.
Pancreatic ductal adenocarcinoma (PDAC) is, together
with renal cancer, the twelfth most frequent cancer
worldwide, representing the eighth and ninth leading
cause of death by cancer in men and women,
respectively. In the year 2012 about 338000 new
[1]
cases of PDAC were reported in the world . The
incidence varies across countries, ranging from 1 to 10
[1]
cases per 100000 (age standardized rate) . According
to the United States National Cancer Institute, the
5-year relative survival rate is about 25% for localized
PDAC (stages Ⅰ and ⅡA), 9.9% for cases with regional
lymph node involvement (stages Ⅱ B and Ⅲ ) and
[2]
2.3% for metastasized PDAC (stage Ⅳ) . However,
only 9% of cases are diagnosed at the local stages,
while 27% are detected at the regional and 53% at
[2]
the distant stages, with 11% of cases unstaged .
Hence, the overall 5-year survival rate is in the range
of 6%-10%, what makes PDAC the most lethal cancer
type. Approximately 70% of deaths follow widespread
metastasis while the rest have limited metastasis
but extensive primary tumors. Currently, there is no
effective screening for detection of early stage tumors.

Biology of PDAC
Molecular pathology and genomics studies have shown
accumulating genetic changes, usually mutations in
[11]
oncogenes and tumor suppressor genes . Over 90%
of PanIN of all grades and 40%-65% of IPMN carry
[12,13]
KRAS mutations
, being KRAS G12D the most
[14,15]
common mutation
. KRAS activation is essential
[16]
for pancreatic cancer cell survival . Activated mutant
KRAS signals primarily through the PI3K, p38, JNK and
FAK signaling pathways. It also involves the epidermal
growth factor receptor (EGFR), BCL-XL and the nuclear
[17-20]
factor κB
.
KRAS is thought to play a key role in repro
gramming the metabolism of hypoxic pancreatic
adenocarcinoma cells through activation of glucose
uptake and glycolysis to yield pyruvate, which instead
of being processed via the tricarboxylic acid cycle
[21]
is converted into lactic acid . Excess of lactic acid
released by hypoxic cells causes local acidosis, which
facilitates extracellular matrix breakdown and hence
[22]
tumor invasiveness . In addition, the neighboring
normoxic cancer cells use the released lactate to fulfill
the increased metabolic needs due to their higher
proliferation rates. Indeed, these cells show increased
expression of MCT1, a proton-linked monocarboxylate
transporter that catalyzes the rapid transport of

Anatomy and Histopathology
The pancreas is a 12-15-cm (6 inches) long, lobulated,
retroperitoneal gland, which lies transversally behind
the stomach, across the lumbar spine (L1-L2) (figure
1), in close contact with the duodenum where the bile
and pancreatic ducts drain through the major papilla
(ampulla of Vater) and the pancreatic accessory duct
[3,4]
through the minor papilla . The wider end of the
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Figure 1 Anatomy of the pancreas and its location in the abdominal cavity. The inset shows the different regions the pancreas is divided into (with permission
from Terese Winslow LLC Medical Illustration, for the National Cancer Institute © 2009 Terese Winslow US Gov. has certain rights).

lactate, pyruvate and other monocarboxylates across
[23]
the plasma membrane . Moreover, KRAS activates
glutamine metabolism to yield glutamate and
α-ketoglutarate, thus enhancing citrate synthesis and
the tricarboxylic acid cycle, i.e., a glucose-independent
metabolic pathway; generates NADPH, a cofactor
[24]
in anabolic reactions and an antioxidant , and
promotes de novo lipogenesis through the isocitrate
[25,26]
dehydrogenase (IDH1 and 2)
.
Besides KRAS activation, mutations inactivating
tumor suppressor genes accumulate during progression
from PanIN1 to PanIN3. Mutational inactivation of
p53 is detected in 60%-70% of PDAC, and mutations
in CDKN2A (involved in G1 cell cycle arrest) and
in members of the TGF-β signaling pathway (most
frequently SMAD4, TGF-β1 and TGF-β2) in about 50%
[27]
of cases . In 10%-15% of cases, exome sequencing
has revealed loss-of-function mutations in genes
involved in nucleosome remodeling (ARID1A, ARID1B,
SMARCA1), responses to DNA damage (ATM, BRCA2)
and histone methylation (MLL2, MLL3, KDM6A). It has
been estimated that genetic predisposition is present
in 5%-10% of PDAC cases (familial PDAC) and several
susceptibility genes have been identified. For example,
inherited mutations in the gene STK11 cause the
Peutz-Jeghers syndrome, and these patients have
130-fold increased risk of PDAC; germline mutations
in the p16/CDKN2A gene cause the familial atypical
multiple mole melanoma (FAMMM) syndrome, which
is associated with a 13 to 37-fold increased risk of
PDAC; mutations in BCRA2 cause familial breast

WJG|www.wjgnet.com

cancer and increase the risk of PDAC 3.5-fold (reviewed
[28]
by Hruban et al ). In addition, as a consequence of
genetic changes, cytology studies have shown frequent
chromosomal alterations in PDAC such as deletions and
rearrangements leading to aneuploidy. For instance,
the gene CLPTM1L, which is overexpressed in PDAC
as compared with normal pancreatic tissue and has
been identified by GWAS (Genome-Wide Association
Studies) among the PDAC susceptibility alleles on
chromosome 5p15.33, has been shown to interfere
with normal cytokinesis and induce aneuploidy in
[29]
vitro . Furthermore, an extensive multistage GWAS
of 7683 patients diagnosed with pancreatic cancer
and 14397 control individuals identified multiple loci
associated with pancreatic cancer, which harbor genes
associated with cancer, such as LINK-PIN, BCAR1/
[30]
CTRB1/CTRB2, PDX1, ZNRF1, TERT and PVT1 .
These studies illustrate a more accurate concept of
genetic risk of PDAC.

Tumor Immune Surveillance
Inflammatory cells (mainly lymphocytes, plasma
cells, macrophages and mast cells) are components
of the desmoplastic reaction that forms the micro
environment of PDAC. However, rather than fighting
the tumor these cells seem to promote an inflam
matory microenvironment that helps tumor cells
escape from immune surveillance via paracrine cross[31]
talk mechanisms . Indeed, studies have shown that
chronic pancreatitis increases the risk of developing

9299

August 21, 2015|Volume 21|Issue 31|

Cid-Arregui A et al . Pancreatic adenocarcinoma
Table 1 Controlled trials in adjuvant chemoradiotherapy for pancreatic ductal adenocarcinoma
No. of patients enrolled

Regimen

Survival rate

P value

Ref.

EORTC

207

[72]

289

-

[73]

RTOG 9704

451

34% (2 yr)
26% (2 yr)
10% (5 yr)
20% (5 yr)
18% (5 yr)
22% (5 yr)

0.099

ESPAC-1

5-FU + radiotherapy
Observation
5-FU + radiotherapy
Observation or 5-FU only
Gemcitabine + radiotherapy
5-FU + radiotherapy

0.120

[147]

Study name

EORTC: European Organization for Research and Treatment of Cancer; ESPAC-1: European Study Group for Pancreatic Cancer 1; RTOG 9704: Radiation
Therapy Oncology Group 9704; 5-FU: 5-fluoruracil.
[32]

CA19-9. Because its expression is not limited to PDAC,
CA19-9 cannot be used as screening marker. However,
it has been used as prognostic marker after surgical
[44,45]
resection
, and some studies suggest that it may
be used to predict resectability and outcome after
[46,47]
adjuvant chemotherapy
. Looking for biomarkers
linked with survival or response, in the RTOG 9704
study (table 1), an adjuvant therapy trial comparing
5-FU with gemcitabine chemotherapy administered
before and after 5-FU-based chemoradiation in
patients with resected PDAC, a probe panel of
antibodies was used to detect and quantify 42 pro
teins. As already shown in previous studies, lower
levels of CEA (carcinoembryonic antigen) and CA19-9
were associated with improved overall survival
in all patients, whereas low levels of matrix meta
lloproteinases (MMP)-7 were linked to improved
overall survival in the adjuvant gemcitabine arm, but
not in the 5-FU arm, suggesting that PDAC patients
with low MMP-7 expression levels benefit from
[48]
gemcitabine rather than 5-FU adjuvant therapy .
The protein SMAD4 has been also suggested as
prognostic marker. Immunohistochemistry charac
terization of the expression of SMAD4 in a series
of 249 tumors from PDAC patients who underwent
pancreaticoduodenectomy showed that cases with
SMAD4 expression had significantly longer survival:
median survival of 19.2 mo compared with 14.7 mo
in patients whose tumors did not express SMAD4
[49]
(p = 0.03) . Moreover, analysis of SMAD4 (DPC4)
expression in a series of rapid autopsies in patients
with documented PDAC showed loss of SMAD4
expression in 41 of 65 tumors analyzed, indicating
[50]
a rate of inactivation of 63% . Interestingly, loss
of SMAD4 expression was seen in only 2 (22%) of
9 locally advanced carcinomas, but in 16 (73%)
[50]
of 22 metastatic carcinomas (p = 0.007) . In a
prospective phase Ⅱ trial enrolling 69 patients with
locally advanced carcinoma who were treated with
gemcitabine/oxaliplatin and cetuximab followed by
chemoradiotherapy plus cetuximab, 11 (73.3%)
of 15 patients with intact SMAD4 expression had a
local dominant pattern of progression, whereas 10
(71.4%) of 14 patients with SMAD4 loss had distant
[51]
dominant pattern of spread (p = 0.016) , indicating
that SMAD4 loss significantly correlated with distant

pancreatic adenocarcinoma, specially in smokers ,
and that subjects with hereditary pancreatitis caused
by mutations in the gene PRSS1 have a significantly
increased relative and absolute risk of developing
[33]
PDAC . Escape from antitumor immunity seems
to be linked to KRAS activation, since it has been
shown that already in early PanIN stages KRAS G12D
[34]
induces production and release of GM-CSF , which
+
+
attracts Gr1 CD11b myeloid suppressor cells to
[34]
the tumor stroma
as well as immunosuppressive
[35,36]
regulatory T cells
. Furthermore, the serum levels
of some proinflammatory cytokines, such as IL-6,
IL-8, IL-10 and IL-1 receptor antagonist (IL-1RA) are
increased in PDAC patients and correlate with tumor
[37]
aggressiveness . IL-6 signals through the signal
transducer and activator of transcription 3 (STAT3),
which plays an essential role in the development of
[38]
most PDAC cases . Studies in mice have shown that
tumor infiltrating macrophages release IL-6 in the
stroma activating STAT3 and promoting progression
[39]
from PanIN to PDAC . In yet another mouse model
of human PDAC it was shown that a subset of stromal
fibroblasts expressing fibroblast activation protein (FAP)
release the chemokine CXC-motif ligand 12 (CXCL12),
which may facilitate immunosuppression by impeding
the contact of T cells with the adenocarcinoma cells. T
cell accumulation nearby tumor cells could be restored
[40]
using an antagonist of CXCR4 , a cognate receptor
for CXCL12, which acted synergistically with the anti[41]
programmed cell dead 1 ligand 1 (PD-L1) antibody
to induce tumor regression in a mouse model of
[42]
PDAC .

Biomarkers and Tumor
Surveillance
To date there is no effective preventive screening for
detection of early stage tumors. Further, there is no
consensus on the suitability of current biomarkers
to predict tumor progression or recurrence.
Carbohydrate antigen 19-9 (CA19-9), a sialylated
[43]
Lewis antigen identified in a colon cancer cell line ,
is the biomarker currently used in the surveillance
of PDAC. Its expression depends on the Lewis blood
antigens; therefore, 5%-10% of Caucasian patients
that are Lewis negative (a-/b-) do not express

WJG|www.wjgnet.com

9300

August 21, 2015|Volume 21|Issue 31|

Cid-Arregui A et al . Pancreatic adenocarcinoma
Table 2 Controlled trials in adjuvant chemotherapy for pancreatic ductal adenocarcinoma
Study name

No. of patients enrolled

CONKO-001

368

ESPAC-3

1088

JASPAC 01

385

Regimen
Gemcitabine
Observation
Gemcitabine
5-FU + Leucovorin
Gemcitabine
S-1

Survival rate

P value

Ref.

20.7% (5 yr)
10.4% (5 yr)
23.6 mo
23.0 mo
53%
70%

0.01

[145]

0.39

[146]

0.0001

[64]

CONKO-001: Charité Onkologie 001; ESPAC-3: European Study Group for Pancreatic Cancer 3; JASPAC 01: Japan Adjuvant Study Group of Pancreatic
Cancer 01; 5-FU: 5-fluoruracil.

rather than local dominant pattern of spread. In yet
another study, retrospective analysis of 471 who had
resected PDAC showed that loss of SMAD4 expression
did not correlate with recurrence but was predictive for
[52]
adjuvant chemotherapy benefit (p = 0.002) . This
study also showed that high expression of the CXCR4
chemokine receptor was significantly associated with
worse outcome (p < 0.0001) as well as with metastatic
[52]
recurrence (p < 0.001) .
Another biomarker that was expected to have
prognostic relevance is the human equilibrative
nucleoside transporter-1 (hENT1). Gemcitabine
requires hENT1 to cross the cell membrane. Therefore,
low expression of hENT1 might result in gemcitabine
resistance in PDAC. This hypothesis was tested in
a randomized clinical trial comparing gemcitabine
with gemcitabine elaidate (CO-101), an unsaturated
fatty acid ester derivative of gemcitabine, which was
designed to enter the cells by diffusion independently
[53]
of hENT1 . This study enrolled 367 patients. The
expression of hENT1 was measured in 253, of whom
232 (64.8%) were classified as low-hENT1. It was
found no difference in median overall survival between
the low and high hENT1 subgroups, indicating that
hENT1 status is not relevant and cannot be used to
predict gemcitabine outcome.
A recent study has shown that elevated levels of
branched-chain amino acids (BCAA) in plasma are
associated with an increased risk (> 2.0) of developing
[54]
PDAC . The highest association was observed in
subjects whose samples were collected 2-5 years
before PDAC diagnosis, suggesting that early-stage
subclinical disease was already present. Such increase
in plasma BCAA seems due to breakdown of tissue
proteins that would occur early in the development
[54]
of PDAC . Interestingly, in a mouse model of PDAC,
elevated BCAA levels were detected also in mice with
early stage pancreatic tumors harboring mutant KRAS,
but not in mice with KRAS-driven tumors in other
tissues.
The predictive value of other biomarkers, such
as ULBP2, a ligand of the natural killer activating
receptor NKG2D, and the macrophage inhibitory
cytokine-1 (MIC-1) are currently being evaluated in
[55]
case-control studies . Non-mutated, overexpressed
[29]
[56]
proteins, such as CLPTM1L
and DKK-1 , if
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validated in terms of prognostic value could serve also
as biomarkers. Furthermore, the prognostic value of
detection of circulating tumor cells is being evaluated
in a prospective study with 79 patients with locally
[57]
advanced PDAC .

Management
A widely used staging system for PDAC is that of the
American Joint Committee of Cancer and the Union
for International Cancer Control, which is based on
[58]
the TNM classification . From the management
perspective PDAC is divided into three categories: (1)
localized surgically resectable tumors; (2) unresectable
locally advanced tumors; and (3) metastatic tumors.
In between the first and second groups are tumors
called borderline resectable, which need to be carefully
evaluated as candidates for surgery according to the
involvement of adjacent organs and vessels (celiac
artery, hepatic artery, portal vein, superior mesenteric
[59]
artery and vein) . The most frequent location of
PDAC is the head of the pancreas (60%-70%),
which requires pancreaticoduodenectomy (Whipple
procedure). Extensive surgery does not provide better
[60,61]
outcomes
. Tumors of the tail of the pancreas are
nowadays resected laparoscopically. Overall, only
15%-20% of newly diagnosed patients are eligible for
surgical resection. The five-year survival rates after
pancreaticoduodenectomy range from 25%-30%
for lymph node-negative and 10% for node-positive
[62]
cases .

Stages Ⅰ and Ⅱ surgically resectable PDAC

In PDAC stage Ⅰ the tumor is restricted to the
pancreas and does not involve neither adjacent organs
or vessels nor regional lymph nodes. The treatment
of choice is surgical removal of all recognizable
tumor tissue. However, tumor recurrence occurs in
60%-70% of stage Ⅰ patients due to micrometastases
during or after surgical resection. Systemic therapy
(chemotherapy, chemoradiation) administered after
surgery (called adjuvant therapy) improves survival
rates and, eventually, the chances of cure. In some
cases chemotherapy, chemoradiation or combination
of therapies is applied before surgery (the so-called
neoadjuvant therapy) to shrink the tumor and prevent
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post-surgical micrometastases and relapse.

determine the benefit of combining erlotinib (EGFR
inhibitor) with gemcitabine.
The efficacy of adjuvant chemoradiation therapy is
still subject of controversy, since two European studies
showed no benefit in adding radiation to the adjuvant
[72]
[73]
therapy or even showed detrimental effects . Such
studies (table 1) have been questioned for different
reasons, the EORTC because it included patients with
pancreatic head carcinomas as well as periampullary
tumors (with possible better prognosis), and the
ESPAC-1 because of the complexity of its design.
Further studies should clarify if adjuvant chemoradiation
may be beneficial. Thus, a phase Ⅱ-R/Ⅲ randomized
trial ongoing in the United States (NCT01013649),
which should be completed in the year 2020.
Nevertheless, the impact of chemoradiation therapy
on overall survival after pancreaticoduodenectomy
was evaluated in a multicenter retrospective study
reviewing 955 patients (classified as T1-4; N0-1;
M0) who underwent complete resection (R0-1) and
[74]
showed macroscopically negative margins . Of these,
623 received postoperative radiation, 575 received
concurrent chemotherapy, and 462 received adjuvant
chemotherapy. Median follow-up was 21.0 mo. Median
overall survival was 39.9 mo for patients treated with
chemoradiation compared with 24.8 mo for those not
receiving chemoradiation (p < 0.001), and 27.8 mo
for patients treated only with adjuvant chemotherapy
(p < 0.001). In the population treated with adjuvant
chemoradiation (with or without chemotherapy) 5-year
overall survival was 41.2% compared with 25.7% in
[74]
patients treated with adjuvant chemotherapy alone .
Therefore, according to this retrospective study,
adjuvant chemoradiation was beneficial in terms of
overall survival.

Adjuvant therapy in localized resectable PDAC:
A number of randomized trials enrolling patients with
T1-4 N0-1 M0 PDAC have demonstrated that, following
surgical resection of the tumor mass, adjuvant
chemotherapy for 6 mo either with gemcitabine
or 5-fluoruracil (5-FU) increases overall survival
significantly compared with observation (table 2, see
[63]
also Goodman et al , 2014). These studies showed
an improvement in the 5-year survival rate from
approximately 10% (observation) to approximately
20% (adjuvant therapy) with no significant difference
between gemcitabine and 5-FU (table 2). However,
the patients treated with gemcitabine experienced
significantly less toxicity and had improved clinical
benefit. More recently, in a multicenter, randomized
phase Ⅲ study in Japan (JASPAC 01) gemcitabine
was compared with S-1 in the adjuvant treatment
[64]
of patients after curative resection . S-1 is an oral
fluoropyrimidine prodrug (tegafur) that is converted
by the enzyme dihydropyrimidine dehydrogenase
[65]
(see also Stage Ⅳ below), The
(DPD) into 5-FU
study enrolled 385 patients with ECOG performance
status 0-1 and with compensated organ functions;
of these, 378 were included in the final analysis.
The 2-year overall survival rates were 53% for
gemcitabine and 70% for S-1 (p < 0.0001). Also, the
quality of life was significantly higher in the S-1 arm
(p < 0.0001). The results of the JASPAC-01 study
suggest that S-1 may be an effective alternative
to the adjuvant chemotherapy with gemcitabine in
resected PDAC. However, these studies have been
conducted in Asian patients, mostly Japanese and
it is uncertain whether S-1 would be as effective in
Western patients. Some important aspects remain
to be investigated. For instance, the expression
levels of cytochrome P450 A26, the enzyme that
converts tegafur into 5-FU in the liver, seem to be
[66]
higher in Caucasian than in Japanese subjects . In
addition, gastrointestinal toxicities of grades 3/4 are
[67]
more common in Caucasians than in Asians . An
ongoing multicenter, randomized phase Ⅲ study, the
European Study Group for Pancreatic Cancer trial 4
(ESPAC-4), will compare the combination gemcitabine
plus capecitabine (another fluoropyrimidine prodrug
that is converted into 5-FU by DPD, the same enzyme
that converts tegafur) with gemcitabine alone when
[68]
used as adjuvant therapy after PDAC resection .
This study will serve to determine the utility of the
addition of a fluoropyrimidine to gemcitabine in
the post-resection adjuvant therapy in non-Asian
PDAC patients. Nevertheless, previous randomized
trials in Western metastatic PDAC patients have
not shown superiority for such combination using
gemcitabine combined with a variety of oral and
[69-71]
bolus fluoropyrimidine regimens
. Two ongoing
clinical studies (CONKO 005 and RTOG 0848) should
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Neoadjuvant therapy in borderline resectable
PDAC: The high frequency of disease recurrence
and the low survival rates associated with surgical
resection of pancreatic adenocarcinomas, usually
attributed to residual tumor cells left at the surgical
margins and to involvement of lymph nodes, led
to the evaluation of neoadjuvant (preoperative)
chemotherapy with or without radiotherapy. Several
studies evaluating different neoadjuvant therapy
protocols have evidenced the limited success of
this approach as compared with the outcomes of
patients with resectable tumors treated with adjuvant
[75-77]
(postoperative) therapy
. Nevertheless, to date
there are no controlled, prospective studies comparing
neoadjuvant and surgery-first approaches.
Currently, there is consensus that neoadjuvant
therapy does not benefit patients with resectable
PDAC, and that it is beneficial in tumors with border
line resectability to improve the probability of tumorfree resection margins and in locally advanced, nonresectable tumors to reduce their extension and
[78,79]
make them resectable
. Further, neoadjuvant

9302

August 21, 2015|Volume 21|Issue 31|

Cid-Arregui A et al . Pancreatic adenocarcinoma
chemotherapy applied to borderline resectable patients
may help identify a subset of patients that would
not benefit from surgery. In a study enrolling 160
borderline resectable patients selected out of 2454
PDAC cases, 125 (78%) completed neoadjuvant
therapy (chemotherapy, radiotherapy or both) and
restaging. Of these 66 (41%) underwent surgery.
Median survival was 40 mo for the 66 patients who
completed all therapy and 13 mo for the 94 patients
[80]
who did not undergo surgery . Consistent and
objective definitions of borderline resectable and
unresectable PDAC are needed for ongoing and future
studies to be sufficiently powered, so that the efficacy
[79]
of neoadjuvant therapy can be clearly established .
In the past, combinations of gemcitabine and
chemoradiation with 5-FU have had limited efficacy.
In a large meta-analysis including retrospective
[76]
and prospective studies, Gillen et al
analyzed
111 trials (n = 4394) showed that in the group of
initially resectable tumor patients, approximately
81% of patients receiving monotherapy underwent
resection, in contrast, among those receiving com
bination chemotherapy the number of resections was
significantly lower (approximately 66%). However, a
comparison of tumor response frequencies in patients
treated with mono chemotherapy (n = 44) vs
combination chemotherapy (n = 48) showed complete
and partial responses of 2.2% and 25.8% vs 5.3%
[76]
and 34.7%, respectively .
Although at present there is no optimal protocol for
neoadjuvant chemotherapy, there is hope in multidrug
chemotherapy approaches such as nab-paclitaxel
(albumin bound paclitaxel) followed by gemcitabine,
or the multiagent regimen FOLFIRINOX (leucovorin,
5-FU, irinotecan, oxaliplatin), which has been shown
in a retrospective study to induce conversion to resec
[81]
tability in > 20% of locally advanced PDAC patients .
Nevertheless, the toxicity associated with these
regimens and the relatively elevated recurrence rate
[81]
observed after R0 resection
make necessary more
prospective studies to establish approaches that may
be beneficial in the neoadjuvant setting. There are at
least two ongoing phase Ⅱ trials using fluorouracil,
irinotecan, oxaliplatin, and leucovorin (FOLFIRINOX)
plus radiation therapy in borderline resectable PDAC
patients (NCT01560949 and NCT01591733).

of the 111 selected studies applied chemoradiation
to non-resectable locally advanced PDAC, in most
cases (54%) with 5-FU, and less frequently with
gemcitabine (22%). About 33% of patients with
primarily unresectable, locally advanced PDAC turned
into resectable cases and the overall survival was 20.5
mo (median), comparable to that of patients with
primarily resectable tumors and in contrast to 10.5
mo in those with non-resectable tumors. Although
other meta-analyses drew comparable results, the
general feeling is that chemoradiation has more
toxicity than gemcitabine alone and increases the rate
[82,83]
of perioperative risk
. A recent study compared
chemoradiation and chemotherapy after four months
of gemcitabine (with or without erlotinib, an EGFR
inhibitor) in locally advanced PDAC patients (LAP 07
study, NCT00634725). The study conclusion was that
chemoradiation after induction chemotherapy is not
superior to continuing chemotherapy in patients with
controlled locally advanced PDAC. Median followup was 36 mo and overall survival was 16.5 mo for
the patients randomized to continue chemotherapy
compared with 15.3 mo for patients receiving
[84]
chemoradiation (p = 0.83) .
The improvements in overall survival observed
in patients with metastatic PDAC treated with
FOLFIRINOX or gemcitabine/nab-paclitaxel multidrug
regimens (see below) has led to investigate them in
locally advanced PDAC. Their efficacy and toxicities in
[81,85]
locally advanced PDAC remain to be determined
.
[81]
In their retrospective institutional study, Faris et al
reported 22 patients with locally advanced PDAC
who received treatment with FOLFIRINOX. Median
progression free survival was 11.7 mo. Five patients
(23%) underwent R0 resection following neoadjuvant
FOLFIRINOX and chemoradiation. Of these, three
suffered distant recurrence within six months. The high
rate of recurrence and the toxicities (non-neutropenic
fever, dehydration), observed in 32% of the patients,
demonstrate the complexity to find an adequate
therapy for locally advanced PDAC patients.

Stage Ⅳ metastatic PDAC

In PDAC stage Ⅳ metastasis have spread to adjacent
(stage Ⅳa) or distant organs (stage Ⅳb), such as liver,
stomach, spleen or lungs. Surgical removal is not
possible, although palliative surgery may be an option.
Gemcitabine has been the standard chemotherapy
agent since 1997, when it was shown to improve
overall survival of advanced PDAC patients compared
to 5-FU, with survival rates at 12 mo of 18% and 2%,
[86]
respectively . Ever since, different gemcitabine[87]
based combinations, for example with irinotecan ,
[88]
[89]
oxaliplatin
or bevacizumab , have been inves
tigated in randomized trials in comparison with
standard gemcitabine. Most of them failed to improve
overall survival rates, yet at least three combinations
have shown beneficial effects: gemcitabine plus

Stage Ⅲ locally advanced, unresectable PDAC

Approximately 30%-40% of newly diagnosed PDAC
cases are classified as stage Ⅲ: locally advanced, nonresectable, non-metastatic, with involvement of major
blood vessels and regional lymph nodes. Because of
the poor response rates observed with the different
therapeutic approaches, management of these patients
remains controversial. A frequent option has been
upfront chemotherapy with 2-3 cycles of gemcitabine
followed by restaging and, in favorable cases, chemo
[76]
radiation. In the meta-analysis by Gillen et al , 107
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erlotinib, gemcitabine plus S-1 and gemcitabine plus
nab-paclitaxel. In addition, a new non-gemcitabinebased multidrug regimen (FOLFIRINOX) has revealed
as a clear improvement in the therapy of metastatic
PDAC.

trial with nab-paclitaxel and gemcitabine was a
multicenter open label phase Ⅰ /Ⅱ study enrolling
67 patients with PDAC, of whom 44 received the
maximum tolerated dose. In this group the 1-year
survival rate was 48%, and the median overall
[92]
survival was 12.2 mo . In preclinical studies, Von
[92]
Hoff et al
showed also that, in a mouse xenograft
model of PDAC, the intratumoral concentration of
gemcitabine was 2.8-fold increased in the mice treated
with nab-paclitaxel plus gemcitabine compared with
mice treated only with gemcitabine, suggestive of a
synergistic effect of these two drugs. nab-Paclitaxel
is an albumin-bound formulation of paclitaxel in the
form of 130 nm particles, which is administered
intravenously as a colloidal suspension. The com
bination of nab-paclitaxel with gemcitabine in the
treatment of advanced PDAC was based on the finding
that these tumors overexpress the secreted protein
acidic and rich in cysteine (SPARC), an albuminbinding protein, and the fact that nab-paclitaxel had
shown efficacy in tumors overexpressing SPARC, such
[99,100]
[101]
[102]
as breast
, melanoma
and lung
tumors.
Further, it has been shown in cultured cells and in
a mouse model of PDAC that paclitaxel reduces the
levels of cytidine deaminase (major gemcitabine
[103]
inactivating enzyme) in tumor cells
what might
explain the higher levels of intratumoral gemcitabine.
In addition, it was shown that while nab-paclitaxel
accumulation in the murine tumors was dependent
on SPARC at low doses, at therapeutic doses it was
[104]
SPARC independent . On the basis of their previous
[92]
study, Von Hoff et al
carried out a multicenter, open
label, randomized phase Ⅲ trial enrolling 861 patients
with metastatic PDAC to compare nab-paclitaxel plus
gemcitabine (431 patients) with standard gemcitabine
(430 patients). Median overall survival was 8.5 mo
in the nab-paclitaxel/gemcitabine group and 6.7 mo
in the gemcitabine group (p < 0.001). The 1-year
survival rate was 35% and 22%, respectively, and the
2-year survival was 9% and 4%, respectively. Adverse
events of grade 3 or higher, such as myelosuppression
and peripheral neuropathy were increased in the
combined nab-paclitaxel plus gemcitabine arm.

Gemcitabine plus erlotinib: A regimen of gem
citabine plus erlotinib, a reversible tyrosine kinase
inhibitor of EGFR, demonstrated certain benefit in a
[90]
phase Ⅲ trial (NCI PA.3) enrolling 569 patients .
The overall survival rate at 1-year was 23% in the
gemcitabine plus erlotinib arm and 17% in the
standard gemcitabine arm (p = 0.023). Median overall
survival was 6.2 and 5.9 mo, respectively (p = 0.038).
However, this slight improvement with the erlotinib
regimen was accompanied with higher toxicities (rash,
infections, diarrhea, etc.) and even 6 deaths, all in the
erlotinib arm. The FDA approved this protocol in the
year 2005.
Gemcitabine plus S-1: The synergistic cytotoxic
effects of gemcitabine and 5-FU against pancreatic
[91,92]
adenocarcinoma cells described previously
led to
investigate the combination of gemcitabine and S-1
in clinical trials. S-1 is an oral multiagent formulation
with three components: tegafur (a 5-FU prodrug),
[93]
gimeracil and oteracil at 1:04:1 molar ratio .
Gimeracil is a reversible inhibitor of dihydropyrimidine
dehydrogenase, a major 5-FU catabolizing enzyme.
Oteracil inhibits the phosphoribosyltransferase that
phosphorylates 5-FU, and it is intended to reduce the
gastrointestinal toxicity of 5-FU. Several randomized
phase Ⅲ studies in gastrointestinal cancer patients
have shown non-inferiority of S-1 vs standard 5-FU
[94-96]
infusion regimens
. Several phase Ⅱ studies
in patients with metastatic PDAC treated with
gemcitabine/S-1 combinations showed median overall
[65]
survival rates ranging from 7.89 to 12.5 mo . The
combination of gemcitabine plus S-1 was compared
with S-1 alone and gemcitabine alone in a recent
randomized phase Ⅲ study (GEST) enrolling 834
patients with locally advanced or metastatic PDAC
[97]
in Japan and Taiwan . The GEST study showed a
median overall survival of 8.8, 9.7 and 10.1 mo in
the gemcitabine, S-1 and gemcitabine/S-1 arms,
respectively. The study did not demonstrate superiority
of gemcitabine/S-1 to gemcitabine alone (p = 0.15),
but showed non-inferiority (p < 0.001). However, as
mentioned above, S-1 trials have been performed only
[65,98]
in Asian patients
and, therefore, further studies
are required to determine whether S-1 has the same
efficacy in Western PDAC patients. Although previous
studies in Western patients with metastatic PDAC did
not show superiority of combinations of gemcitabine
plus fluoropyrimidines administered in various
[69-71]
forms
, it cannot be excluded that S-1 does.

FOLFIRINOX: Besides the gemcitabine-based
chemotherapies, in the last years a multiagent chemo
therapy regimen (FOLFIRINOX) has emerged as an
effective strategy with significantly higher efficiency
compared to standard single-agent gemcitabine in a
[105]
randomized, multicenter phase Ⅱ/Ⅲ study
. The
FOLFIRINOX regimen consists of a combination of four
intravenously (iv) administered drugs: oxaliplatin 85
2
mg/m 2 h infusion, followed by leucovorin (calcium
2
folinate) 400 mg/m 2 h infusion, irinotecan 180
2
2
mg/m 90 min. infusion, followed by 5-FU mg/m
2
bolus, followed by 5-FU 2400 mg/m infusion over 46
hours, every two weeks. A six-month treatment was
[105]
recommended for responding patients
. This study

Gemcitabine plus nab-paclitaxel: The first clinical
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included 342 patients with metastatic PDAC that had
not been treated with chemotherapy. The median
overall survival was 11.1 mo in the FOLFIRINOX group
and 6.8 mo in the gemcitabine group (p < 0.001).
Overall survival rates at 6, 12 and 18 mo were 75.9%,
48.4% and 18.6% in the FOLFIRINOX group and
57.6%, 20.6% and 6.0% in the gemcitabine group.
The median progression-free survival was 6.4 mo in
the FOLFIRINOX group and 3.3 mo in the gemcitabine
group (p < 0.001). Definitive deterioration in the
quality of life at 6 mo was observed in 31% of patients
in the FOLFIRINOX and in 66% in the gemcitabine
group.
A relevant concern of this therapy is its increased
toxicity, which has been subject of some controversy.
Several reports informed of substantial toxicities, such
as grade 3 or 4 neutropenia, febrile neutropenia (cause
of one treatment-related dead), thrombocytopenia,
diarrhea and sensory neuropathy, which were
significantly more frequent than with single-agent
[105]
gemcitabine therapy . In a multicenter study in 61
PDAC patients, 21 (34.4%) were hospitalized as a
result of therapy and 23 (37.7%) had discontinued
[106]
therapy due to adverse events
. In a retrospective
study including 22 patients, it was reported that
[81]
toxicities required hospitalization in 7 cases (32%) .
Nevertheless, a retrospective study reviewing toxicity
and efficacy in 35 patients (16 with locally advanced
and 19 with metastatic PDAC), of whom 29 received
a modified FOLFIRINOX regimen (attenuation of
irinotecan and 5-FU bolus) showed that such regimen
improved tolerability with no significant reduction in
[107]
efficacy . Furthermore, in an attempt to ameliorate
the toxicities, a prospective study was conducted using
a modified FOLFIRINOX regimen (no bolus 5-FU and
[108]
addition of hematopoietic growth factor) . This study
enrolled a total of 60 PDAC patients, 24 (40%) with
non-metastatic and 36 (60%) with metastatic PDAC.
It was found that the modified FOLFIRINOX regimen
maintained efficacy, whereas the safety profile was
improved with significantly less grade 3-4 toxicities.
Additional studies should help improve safety and
efficacy of FOLFIRINOX by further refinement of
regimens.
Another important issue is related to the eligibility
criteria for FOLFIRINOX therapy. In a retrospective
study reviewing 100 consecutive cases of metastatic
PDAC it was found that only 26 patients fulfilled the
ACCORD study eligibility criteria, being the most
frequent reasons for FOLFIRINOX exclusion ECOG
score of 2 or greater (64%), age (≥ 76 years) (22%)
[109]
and liver and/or renal dysfunction (28%) .

cells to interfere with their function have shown
promise in preclinical studies over the last decade.
Of these, only erlotinib (EGFR inhibitor) reached
regulatory approval on the basis of some benefit
shown for its combination with gemcitabine in a phase
Ⅲ trial (see above under Management). Reasons for
the slow progress in this field might be the complex
genetic mechanisms taking place in the pancreatic
tumor cells, which favor resistance to cytotoxic as
well as targeted agents, and the intricate tumor
microenvironment that seems to protect the tumor
through a discrete vessel network and a hypoxic
milieu. Likewise, immunotherapy approaches may
find difficulty in entering the stroma and reaching the
tumor cells.

Inhibitors

PARP inhibitors: PDAC tumors harboring germline
mutations in the BRCA1 or BRCA2 genes are highly
sensitive to Poly[ADP-ribose] polymerase (PARP)
[110]
inhibitors . Several PARP inhibitors, such as olaparib,
are being tested in clinical trials. A recent multicenter
phase Ⅱ study enrolled 298 patients with recurrent
ovarian, breast, pancreatic or prostate cancer,
harboring a germline BRCA1/2 mutation, who were
[111]
treated with olaparib (400 mg twice per day) . The
overall response rate was 26.2% (78 of 298) and in
the subgroup of PDAC patients (treated previously with
gemcitabine) the response rate was 21.7 (5 of 23) and
stable disease for 8 or more weeks was observed in
35% of the PDAC patients. Adverse events of grade 3
or higher were reported for 35% of patients, the most
frequent being anemia (17%). Nine patients died as a
result of adverse events. This was a single arm study
and, therefore, it is not possible to compare with other
therapies. Ongoing studies will determine whether
treatment with olaparib or other PARP inhibitors may
be an alternative to FOLFIRINOX in patients with
germline BRCA1/2 mutations.
Inhibitors of MMP: Tumor growth and metastasis
involve the breakdown of tissue stroma. MMPs are a
family of about 30 zinc-dependent proteinases that
for the most part degrade the extracellular matrix,
thereby facilitating tumor growth and metastasis. This
was the rationale to investigate the efficacy of MMP
inhibitors in cancer therapy. An oral MMP inhibitor,
marimastat, was compared with gemcitabine in
a randomized study enrolling 414 patients with
[112]
unresectable pancreatic cancer
. The survival rate
for patients receiving marimastat 25 mg was similar
to that of patients receiving gemcitabine. In a parallel
study, 239 patients with unresectable pancreatic
cancer were randomized to receive gemcitabine
[113]
plus either marimastat 10 mg b.i.d or placebo
.
There was no significant difference in overall
survival between ge mcitabine plus marimastat and
gemcitabine plus placebo (p = 0.95). These studies

Emergent Therapies
Treatment of PDAC has been restricted for the most
part to chemotherapy (cytotoxic) drugs. A number of
agents targeting specific proteins in tumor or stroma
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provided little support to the utility of MMP inhibitors
in therapy of advanced PDAC and, therefore, were
discontinued.

surveillance are leading to improved immunotherapy
approaches applicable to cancer treatment. Immuno
therapy approaches have the potential to assist the
patient’s immune system to eliminate metastatic
tumor cells and residual tumor after pancreatic res
ection. Some of these have shown success in early
clinical trials in PDAC patients. A representative list of
immunotherapy approaches currently under study in
clinical trials is summarized in table 3 distributed into
the following major groups: monoclonal antibodies (as
checkpoint immunomodulators, inhibitors of signaling
pathways or as cytotoxicity inducers), adoptive T cell
therapy, vaccines, cytokines and adjuvants.

Inhibitors of VEGF: Several studies demonstrated
a close correlation between vascular endothelial
growth factor (VEGF) expression and microvessel
[114,115]
density (MDV) in PDAC
. In addition, VEGF
appeared to have predictive value for liver metastasis
[115]
and poor prognosis
, and also for early recurrence
[114]
after curative resection
. An oral inhibitor of VEGF
receptors, axitinib, was tested in a randomized,
placebo-controlled phase Ⅱ study enrolling 103
patients with unresectable or metastatic PDAC. The
patients were divided into two groups for treatment
with gemcitabine with or without axitinib. Median
[116]
overall survival was 6.9 and 5.6 mo, respectively
.
The study was continued with a phase Ⅲ trial including
[117]
632 patients
. However, an interim analysis con
cluded that the study was unsuccessful and it was
terminated abruptly.

Monoclonal antibodies as checkpoint immuno
modulators, signaling pathway inhibitors or
cytotoxicity inducers: The incorporation of mono
clonal antibodies to the therapeutic regimens of certain
types of cancer has become established over the past
two decades. The therapeutic activity of monoclonal
antibodies can result from: (1) their ability to activate
cellular immune responses against tumor antigens; (2)
through agonist or antagonist effects on their target
proteins; or (3) conjugated to cytotoxic agents, killing
[122]
selectively tumor cells .
Activation, proliferation and differentiation of
T cells in response to antigens is regulated by costimulatory and co-inhibitory receptors and their
ligands, which modulate the signaling pathways
triggered by the interaction of T cell receptors with
[123]
the major histocompatibility complex (MHC)
.
The immune system uses co-inhibitory signals to
maintain self-tolerance and impair deleterious immune
reactions by inducing T cell exhaustion or apoptosis.
Some co-inhibitory molecules of particular relevance
are programmed cell death protein-1 (PD-1), PD-1
ligands 1 and 2 (PD-L1 and 2), cytotoxic T lymphocyte
antigen-4 (CTLA-4) and lymphocyte-activation gene 3
(LAG-3). It has become apparent that tumors develop
mechanisms to interfere with some immune checkpoint
pathways and thus escape from cytotoxic T cell
[124]
responses triggered by tumor antigens . Monoclonal
antibodies targeting PD-1, PD-L1 and CTLA-4 (so called
[125]
checkpoint blockade, reviewed by Postow et al
)
have been shown in recent clinical trials to promote
[126-128]
endogenous antitumor immune activity
. Table
3 summarizes ongoing clinical trials including patients
with advanced PDAC to test PD-1, PD-L1, CTLA-4 and
LAG-3. Some of these studies investigate the potential
synergistic effects of combining immune checkpoint
inhibitors among them and with other therapeutic
agents (table 3). An additional study targets 4-1BB/
CD137, a member of the TNF receptor superfamily,
+
which is a potent CD8 T cell co-stimulatory molecule.
There is compelling evidence indicating that anti-4-1BB
[129]
monoclonal antibodies have antitumor properties .
Monoclonal antibodies targeting ERBB family
members (e.g., EGFR) and VEGF (vascular endothelial

Hedgehog inhibitors: The hedgehog (Hh) pathway
is thought to contribute to the growth of a number
of tumors of endodermal origin, including PDAC. In a
mouse model of PDAC the use of saridegib, an inhibitor
of the Hh pathway, in combination with gemcitabine
resulted in depletion of desmoplastic stroma, in
creased delivery of gemcitabine to tumor cells and a
statistically significant survival improvement of tumor[118]
bearing mice . A randomized, double-blind, placebo
controlled phase Ⅱ trial showed worse median survival
for the saridegib plus gemcitabine arm compared to
the gemcitabine plus placebo arm, and the study was
[119]
discontinued . In a randomized, placebo controlled,
phase Ⅰ b/Ⅱ trial vismodegib, another Hh pathway
inhibitor, administered with gemcitabine failed to
improve progression-free or overall survival rates
[120]
compared to gemcitabine alone . At least five more
trials are ongoing.
Other inhibitors: Masitinib, an inhibitor of c-kit
and platelet-derived growth factor receptor (PDGFR)
kinases, was tested in combination with gemcitabine in
a phase Ⅱ trial enrolling 22 patients with unresectable
locally advanced or metastatic PDAC. The median
overall survival was 8.4 and 6.8 mo for locally
[121]
advanced or metastatic patients, respectively
. A
phase Ⅲ of this study comparing gemcitabine plus
masitinib with gemcitabine plus placebo, showed
no improvement in overall survival. Rigosertib, a
phosphatidylinositol-3-kinase (PI3K) inhibitor, showed
certain activity in a phase Ⅰ trial and is under study in a
multicenter, randomized phase Ⅱ trial (NCT01360853).

Immunotherapies

Advances in the understanding of the mechanisms
regulating cellular immune responses and immuno
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Table 3 Summary of major ongoing clinical trials evaluating immunotherapy approaches in patients with solid tumors including
advanced or metastatic pancreatic adenocarcinoma
Study ID

Sponsor(s)

Therapeutic products

Monoclonal antibodies as checkpoint immunomodulators
CD-ON-MEDI4736-1108
MedImmune LLC
MEDI4736 (monoclonal antibody anti-B7 homolog1; PD-L1)
GO27831
Genentech Inc.
MPDL3280A (human, Fc optimized monoclonal anti-PD-L1
antibody)
3475-028
Merck Sharp and Dohme Corp Pembrolizumab (humanized monoclonal anti-PD-1 antibody)
GP28328
Genentech, Inc.
MPDL3280A (human, Fc optimized monoclonal anti-PD-L1
antibody) plus bevacizumab (anti-VEGF antibody) and/or
chemotherapy
11-C-0100
Georgia Regents University
CT-011 (pidilizumab, humanized monoclonal antibody antiCancer Center
PD-1) plus gemcitabine
CA209-032
Bristol-Myers Squibb
Nivolumab (fully human monoclonal anti-PD-1 antibody) plus
ipilimumab (anti-CTLA-4 monoclonal antibody)
CA223-001
Bristol-Myers Squibb
Lirilumab (fully humanized monoclonal anti-KIR2DL1/2L3
antibody) plus nivolumab (anti-PD-1 antibody)
NU 10I02
Northwestern University and
Ipilimumab (anti-CTLA-4 monoclonal antibody) plus
Robert H. Lurie Cancer Center
gemcitabine
NCI-2013-00030
M.D. Anderson Cancer Center Ipilimumab (anti-CTLA-4 monoclonal antibody) plus imatinib
CA224-020
Bristol-Myers Squibb
BMS-986016 (anti-LAG-3 antibody) with or without nivolumab
(anti-PD-1 antibody)
CA186-011
Bristol-Myers Squibb
Urelumab (BMS-663513, humanized agonistic monoclonal anti4-1BB/CD137)
B1641001
Pfizer
PF-05082566 (4-1BB humanized agonist monoclonal antibody)
plus rituximab (anti-CD20)
Monoclonal antibodies as signaling pathway inhibitors
59R5-002
OncoMed Pharmaceuticals, Inc.
OMP-59R5 (anti-Notch2/3) plus chemotherapy
52M51-002
OncoMed Pharmaceuticals, Inc.
OMP-52M51 (anti-Notch 1 monoclonal antibody)
and GlaxoSmithKline
MORAb-066-001
Morphotek and SCRI
MORAb-066: anti-human TF (tissue factor, CD142) monoclonal
Development Innovations, LLC
antibody
NCI-2012-01702
Morphotek and National
Ontuxizumab (MORAb-004): monoclonal antibody antiCancer Institute (NCI)
endosialin/TEM1 (CD248)
R1400-ST-1113
Regeneron Pharmaceuticals REGN1400 (anti-ErbB3) with or without erlotinib or cetuximab
MM-151-01-01-01
Merrimack Pharmaceuticals MM-151 [oligoclonal antibody composed of three fully human
monoclonal antibodies anti-EGFR (ErbB1)] alone and with
irinotecan
M12-375
AbbVie (prior sponsor, Abbott)
ABT-700 [monoclonal antibody anti-c-Met human growth
factor receptor (HGFR) as monotherapy, or with chemotherapy
(FOLFIR/cetuximab) or with erlotinib
UPCC-04206
University of Pennsylvania and
Gemcitabine, oxaliplatin and bevacizumab followed by
NCI
5-fluorouracil, oxaliplatin, bevacizumab and radiotherapy in
patients with locally advanced pancreatic cancer
Monoclonal antibodies as cytotoxicity inducers
Neogenix 0901
Precision Biologics, Inc
Ensituximab (NPC-1C/NEO-102) (anti-MUC5AC-related
antigen)
CEP-37250/KHK2804-001 Kyowa Hakko Kirin Pharma,
CEP-37250/KHK2804 (monoclonal antibody targeting
Inc.
glycolipids on the surface of tumor cells)
IMMU-107-04
Immunomedics, Inc.
IMMU-107: radioimmunoconjugate of the humanized
monoclonal antibody HuPAM4 (anti-MUC1), plus a chelating
agent (DOTA) and radiolabeled with Yttrium Y90
Therapeutic vaccines
NLG0505
NewLink Genetics Corporation
Algenpantucel-L Immunotherapy: 2 pancreatic cancer cell
lines (HAPa-1 and HAPa-2) expressing murine alpha-gal
carbohydrates on cell surface molecules, in combination with
standard therapy, compared with standard therapy.
11-C-0148
NCI
Epigenetically modified autologous tumor cells with
ISCOMATRIX Adjuvant plus chemotherapy
ADU-CL-04
Aduro BioTech, Inc.
GVAX (allogeneic GM-CSF transfected pancreatic tumor
vaccine) plus CRS-207 (attenuated L. monocytogenes expressing
mesothelin)
J13108
Sidney Kimmel CCC
GVAX (allogeneic GM-CSF transfected pancreatic tumor
vaccine) plus ipilimumab compared with FOLFIRINOX
JHOC-J0810
Sidney Kimmel CCC and NCI
GVAX (allogeneic GM-CSF transfected pancreatic tumor
vaccine) plus cyclophosphamide
NCI-2012-01548
Jonsson Comprehensive Cancer NY-ESO-1 (cancer-testis antigen) reactive TCR retroviral vector
Center
transduced autologous PBL
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Phase

ClinicalTrials.gov
Identifier

Ⅰ/Ⅱ

NCT01693562
NCT01375842

Ⅰ
ⅠB
Ⅰ

NCT02054806
NCT01633970

Ⅱ

NCT01313416

Ⅰ/Ⅱ

NCT01928394

Ⅰ

NCT01714739

Ⅰ

NCT01473940

Ⅰ
Ⅰ

NCT01738139
NCT01968109

Ⅰ

NCT01471210

Ⅰ

NCT01307267

Ⅰ/Ⅱ
Ⅰ

NCT01647828
NCT01778439

Ⅰ

NCT01761240

Ⅰ

NCT01748721

Ⅰ
Ⅰ

NCT01727869
NCT01520389

Ⅰ

NCT01472016

Ⅱ

NCT00602602

Ⅰ/Ⅱ

NCT01040000

Ⅰ

NCT01447732

Ⅲ

NCT01956812

Ⅲ

NCT01836432

Ⅰ

NCT01341496

Ⅱ

NCT02004262

Ⅱ

NCT01896869

NP

NCT00727441

Ⅱ

NCT01697527
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NWBio 050012
ONT-10-001
J1179

101778

Northwest Biotherapeutics
Oncothyreon Inc.
Sidney Kimmel Comprehensive
Cancer Center

Medical University of South
Carolina
Roswell Park Cancer Institute

I 191511

DCVax-Direct (autologous activated dendritic cells)
ONT-10 (liposomal MUC1 cancer vaccine)
PANC 10.05 pcDNA-1/GM-Neo and PANC 6.03 pcDNA-1/
GM-Neo vaccine, plus cyclophosphamide followed by
SBRT (fractionated stereotactic body radiation therapy) and
FOLFIRINOX chemotherapy
Poly-ICLC (ligand for toll like receptor) and dendritic cells,
plus standard chemotherapy
DEC-205-NY-ESO-1 (cancer-testis antigen) fusion protein
vaccine

Adoptive T cell therapy
UPCC 08212

Ⅰ/Ⅱ

NP

NCT01882946
NCT01556789
NCT01595321

0

NCT01677962

Ⅰ

NCT01522820

Ⅰ

Ⅰ
Abramson Cancer Center of the Autologous T cells transfected with chimeric anti-mesothelin
University of Pennsylvania
immunoreceptor SS1, plus chemotherapy
Ⅰ
UPCC 31213
Abramson Cancer Center of the CART-meso (autologous T cells lentivirally transduced with
University of Pennsylvania
chimeric anti-mesothelin immunoreceptor SS1 fused to the
4-1BB and CD3ζ signaling domains)
Ⅰ/Ⅱ
12-C-0111
NCI
Anti-mesothelin CAR plus chemotherapy and aldesleukin
Ⅱ
10-C-0166
NCI
Young tumor infiltrating lymphocytes (TILs), plus
chemotherapy and aldesleukin
Ⅱ
13-C-0214
NCI
Anti-NY ESO-1 mTCR PBL (autologous white blood cells
genetically modified with a retrovirus expressing the gene for
anti-ESO-1), plus chemotherapy and aldesleukin
Ⅰ/Ⅱ
14-C-0052
NCI
Anti-MAGE-A3-DP4 TCR (autologous T cells genetically
modified with a retrovirus expressing the gene for anti-MAGEA3-DP0401/0402), plus chemotherapy and aldesleukin
Ⅰ/Ⅱ
11-C-0013
NCI
Anti-VEGFR2 CAR: Autologous CD8+ T cells genetically
modified with a retrovirus expressing the gene for antiVEGFR2, plus chemotherapy and aldesleukin
Ⅰ
RWH 111-32
Roger Williams Medical Center
EGFRBi-armed autologous activated T cells, loaded with a
bispecific antibody produced by heteroconjugation of anti-CD3
and anti-EGFR monoclonal antibodies
Adjuvant immunotherapies and cytokines
Ⅰ
NCI-2011-03565
Roswell Park Cancer Institute, Entolimod (CBLB502, recombinant Toll-like receptor 5 agonist)
NCI and Cleveland BioLabs
Inc.
Ⅰ
AM0010-001
ARMO BioSciences
AM0010 (pegylated recombinant human interleukin-10) in
combination with chemotherapy

growth factor) and VEGFR (VEGF receptor) have been
most successful in patients with solid tumors. However,
the application of some of these antibodies to patients
with advanced PDAC has been disappointing. In a
phase Ⅲ study enrolling 745 patients with advanced or
metastatic PDAC, cetuximab, a monoclonal antibody
against the ligand-binding domain of EGFR, was
administered combined with gemcitabine in comparison
with single-agent gemcitabine. No significant difference
in median overall survival was observed between both
[130]
arms (6.3 mo vs 5.9 mo, respectively)
. Likewise,
the combination of cetuximab with gemcitabine in
the adjuvant treatment of 73 patients with resected
(R0-R1) PDAC was reported recently not to improve
[131]
overall survival . A study in patients with advanced
solid tumors including PDAC is currently recruiting
patients for testing a combination of three anti-EGFR
(ERBB1) monoclonal antibodies, and another trial with
an anti-ERBB2 antibody combined with cetuximab is
also open (table 3).
Bevacizumab (anti-VEGF) was tested in 52 patients
with previously untreated advanced PDAC in a single
arm, multicenter phase Ⅱ trial. The antibody was
administered after gemcitabine treatment. Median
overall survival was 8.8 mo and partial responses
[132]
were observed in 21% of cases
. Although the
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NCT01897415
NCT02159716

NCT01583686
NCT01174121
NCT01967823

NCT02111850

NCT01218867

NCT01081808

NCT01527136

NCT02009449

results were not significantly better than those
previously reported for gemcitabine, the study moved
on to a phase Ⅲ trial of gemcitabine/bevacizumab
vs gemcitabine/placebo in 535 advanced pancreatic
cancer patients. No difference in median overall
[89]
survival (5.8 and 5.9 mo) was observed . These
results were congruent with the lack of effect reported
for axitinib (see above Inhibitors).
In addition, new studies have been initiated to
test monoclonal antibodies against Notch, tissue
factor (TF, CD142), tumor endothelial marker 1
(TEM1, endosialin) and human growth factor receptor
(HGFR), which also include PDAC patients (table
3). Furthermore, ongoing studies will determine the
benefit in advanced PDAC patients of antibodies
against MUC5AC, which has been shown to inhibit
[133]
TRAIL-induced apoptosis in PDAC cells
, MUC1,
overexpressed in over 60% of PDAC and inducer of
[134]
drug resistance in PDAC cells .
Therapeutic vaccines: Therapeutic vaccines are
designed to stimulate the immune system to react
against tumor-specific antigens, essentially by inducing
specific cytotoxic T cells. These vaccines may be made
of whole cells, proteins, peptides or DNA encoding
tumor antigens. Several vaccines have been tested in
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early clinical studies during the last years and some of
them have shown discrete improvement in survival.
Clinical trials with vaccines currently in progress are
summarized in table 3.
Algenpantucel-L is a vaccine designed to treat
PDAC that has reached phase Ⅲ . It consists of 2
irradiated allogeneic pancreatic cancer cell lines
(HAPa-1 and HAPa-2) transfected to express murine
α-1,3-galactosyltransferase. These cells carry α-1,3galactosyl (α-gal) carbohydrates on cell surface
glycoproteins and glycolipids, which trigger a rejection
of the vaccine cell allograft, to which also contributes
the fact that they are recognized by pre-existing antiα-gal antibodies (naturally occurring against gut flora),
resulting in opsonization and lysis of the vaccine cells
and hence processing and presentation of tumor
antigens by host antigen presenting cells. It follows a
T cell response against endogenous tumor cells. This
vaccine was tested in a phase Ⅱ trial (multicenter,
open-label) enrolling 70 patients with resected (R0-1)
PDAC who received Algenpantucel-L in addition to
standard adjuvant gemcitabine chemotherapy and
[135]
chemoradiation
. Median follow-up was 21 mo,
1-year median overall survival was 86% and diseasefree survival was 62% in the same period. It was
concluded that the vaccine added to the adjuvant
setting may improve survival and a phase Ⅲ trial is
ongoing (table 3).
Another whole-cell vaccine consisting of irra
diated cells stably transfected to express GM-CSF
(granulocyte-macrophage colony-stimulating factor)
was tested in a phase Ⅱ trial in 60 patients with
resected PDAC in combination with 5-FU-based
chemoradiation therapy, with four additional immu
[136]
nizations
. The vaccine was well tolerated, median
disease-free survival was 17.3 mo and 1-year overall
survival was 85%, close to published data for resected
PDAC treated with standard adjuvant therapy. The
+
vaccine induced mesothelin-specific CD8 T cells in
HLA-A1 and HLA-A2 patients, correlating with longer
disease-free survival. The GVAX-pancreas vaccine
(GM-CSF-secreting allogenic pancreatic tumor cells)
was tested recently in 90 patients with metastatic
PDAC. GVAX was administered with low-dose cyclopho
sphamide (Cy/GVAX) to inhibit regulatory T cells and
was combined or not with CRS-207, a live-attenuated
Listeria monocytogenes expressing mesothelin, in a
prime/boost vaccination setting: Cy/GVAX followed
by CRS-207 (arm A) compared with Cy/GVAX alone
[137]
(arm B) . Overall survival was 6.1 mo in arm A and
3.9 mo in arm B (p = 0.02). Patients who received 3
or more doses of vaccine survived longer (9.7 and 4.6
mo for arms A and B, respectively). Higher mesothelin+
specific CD8 T-cell responses were associated with
longer overall survival.
G17DT is an immunogen that induces neutralizing
antibodies against the hormone gastrin-17. It was first
tested in a randomized, double-blind, placebo controlled
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multicenter trial in 154 patients with advanced PDAC
[138]
unsuitable for or unwilling to take chemotherapy
.
The patients received five doses of the vaccine. The
primary end point was survival. Patients who developed
anti-G17DT survived longer (median survival 151
d) than non-responders (63 d) or those on placebo
(83 d) (p = 0.03). The studies with this vaccine in
PDAC patients were discontinued, although a phase
Ⅲ trial was registered (NCT02118077), and a recent
phase Ⅱ study in colorectal cancer patients has been
[139]
published .
Peptide vaccines, although well tolerated, appear
to be less promising. A peptide vaccine against mutant
KRAS (codon 12) was tested in 24 positive of 62
patients with resected PDAC analyzed for mutations in
[140]
codon 12 of KRAS . Only 9 patients were evaluable
for immunologic responses, and of these only one
showed specific response to the patient’s KRAS
mutation (assessed by delayed-type hypersensitivity).
Median recurrence free survival time was 8.6 mo.
No relationship was observed between immune
response and clinical outcome. A personalized peptide
vaccine administered to advanced PDAC patients in
[141]
combination with standard gemcitabine
induced
IgG responses in 14 of 36 patients. Median overall
survival was 7.9 mo and 1-year overall survival rate
was 26.8%. These results show a low benefit of the
vaccine.
Adoptive T cell therapies: Adoptive cell transfer
(ACT) therapies are designed to provide the patient
with a highly amplified number of autologous tumorspecific cytotoxic T cells. To this end, tumor-specific T
lymphocytes are isolated from the patient, expanded ex
vivo and infused back into the patient’s bloodstream.
There are several forms of anti-tumor ACT. One is
based on the isolation and culture of tumor infiltrating
lymphocytes (TIL) followed by selection of tumorspecific T cell clones and their expansion to obtain
large numbers of cells that are infused back to the
patient together with interleukin-2 (IL-2) (Aldesleukin)
to stimulate their proliferation. Because the immune
system and the tumor microenvironment contain
+
regulatory CD4 T cells that may prevent the transferred
cells from functioning effectively, the patients are
treated with chemotherapy agents, frequently with
cyclophosphamide. The method can be improved by
isolating T cells from the blood of patients that have
received previously a cancer vaccine, which facilitates
the expansion of tumor-reacting T cells.
However, in general the number of tumor-specific
T cells in the TIL population results insufficient for
therapeutic purposes. One strategy to overcome this
problem involves transducing TIL isolated from a
patient’s tumor with a retroviral vector to express a
tumor-targeting T cell receptor (TCR) and expanding
them in culture before re-infusing the cells back to the
patient. This strategy has been shown to shrink tumors
in patients with melanoma and synovial cell sarcoma
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[142]

in patients refractory to standard treatment
. The
pre-condition for the treatment is that the TCR must
be genetically matched to the patient’s immune type.
Another approach is based on chimeric antigen
[143]
receptors (CAR)
. A CAR is an artificial molecule
engineered to contain three pieces: an extracellular
antibody-derived domain that binds a tumor surface
antigen, the intracellular domain of the CD3 ζ chain
(signal transmitter of endogenous TCR) and, linked
to it, one or more stimulatory domains. The main
advantage of this approach is the high affinity inter
action of the CAR with the tumor antigen, which is
[144]
independent of the MHC .
Table 3 shows a representative list of ongoing
clinical studies applying ACT therapies using TIL and
CAR approaches designed for advanced solid tumors
including PDAC. In most cases, ACT is combined with
chemotherapy, except in the RWH111-32 study, which
uses only a bispecific antibody (anti-CD-3 and antiEGFR).

2
3

4
5

6

7

CONCLUSION

8

In spite of the large number of preclinical and clinical
studies focused on the improvement of existing
therapies and the development of new therapeutic
strategies, pancreatic adenocarcinoma remains
an incurable lethal disease. After two decades of
gemcitabine as standard reference, recent improve
ments in the chemotherapy of advanced disease have
set a new standard, which is being evaluated also in
patients with resectable and locally advanced tumors.
In parallel, new developments in the immunotherapy
field, in particular those based on antibodies or
adoptive cell transfer, are already showing promising
results in early phase clinical trials, in general in
combination with chemotherapy. Furthermore,
improvement in the understanding of the genetic and
epigenetic changes taking place in tumor cells and
stroma during progression to advanced PDAC, and
their effects on tumor metabolism and immunoediting,
may be of great value to identify better biomarkers
that help in earlier detection of tumors and also in
therapeutic decisions, in particular in adjuvant and
neoadjuvant treatments. New developments in the
fields of inhibitors, monoclonal antibodies and adoptive
T cell transfer are expected to have a high impact in
the treatment of pancreatic adenocarcinoma in coming
years.
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Abstract
AIM: To assess the impact of Helicobacter pylori (H.
pylori ) genotypes and patient age and sex on the
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development of gastric diseases.

METHODS: H. pylori -infected patients (n = 233)
referred to the endoscopy unit at Tehran University of
Medical Sciences (Tehran, Iran) were diagnosed with
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and DU (56/233; 24%). More patients were male,
and gastric diseases were more frequent in patients
> 40 years (P < 0.05). The percentage of CG and GU
patients that were male and female did not show a
significant difference; however DU was more common
in males (P < 0.05). Interestingly, a diagnosis of CG
in patients > 40 years was more common in females
(18.5%) than males (11.6%) (P = 0.05), whereas a
diagnosis of GU or DU in patients > 40 years was more
frequent in males (14.6% vs 10.7% and 12.4% vs
4.3%, respectively). Overall, genotyping of the H. pylori
isolates revealed that the vacA s1 (82%), vacA m2
+
(70%), and cagA (72.5%) alleles were more frequent
than vacA s2 (18%), vacA m1 (29.2%), and cagA (all P
+
< 0.05). The vacA s1m2cagA genotype was the most
prevalent within the three disease groups. vacA s1m2
frequency was 56.2% with a similar occurrence in all
diagnoses, while vacA s1m1 appeared more often in DU
patients (33.9%). A genotype of vacA s2m2 occurred in
15% of isolates and was more common in CG patients
(21.2%); vacA s2m1 was the least common genotype
(3%). The vacA s1 allele was found to be a risk factor
for DU, vacA s2 for CG, and vacA s1 and vacA s2 for GU
(all P < 0.05). The vacA s2m2 genotype was associated
with the development of CG and GU compared to DU (P
< 0.05). No correlation was found between vacA m or
cagA and gastric diseases.

INTRODUCTION
Analysis of the genetic composition of Helicobacter
pylori (H. pylori) has revealed a remarkable hetero
[1]
geneity in gene content and sequence . This versatile
gene reservoir appears to serve as a powerful tool
for bacterial adaptation when encountering new
[2]
conditions in different human hosts . Establishment
of H. pylori in gastric epithelium is associated with
a persistent induction of inflammatory responses
and tissue damage that could lead to development
of more critical clinical diagnoses, including chronic
[3,4]
gastritis (CG), peptic ulcers (PUs), or gastric cancer .
An interaction between H. pylori virulence factors,
host genetics, and environmental factors is currently
[5,6]
thought to determine the extent of tissue damage .
In this regard, the longevity of H. pylori infection and
sex of infected individuals have been investigated
as important factors in the development of gastric
[7-11]
diseases
. Many investigators have studied H. pylori
virulence factors and proposed several candidate
proteins, including vacuolating cytotoxin A (VacA) and
[12]
cytotoxin-associated gene A (CagA) . In contrast, few
studies have focused on host genetics, eating habits,
[13-19]
and lifestyle, and the results remain controversial
.
VacA, which occurs in all strains of H. pylori, is
regarded as a multifunctional toxin with the potential
to insert into the endosomal membranes of epithelial
cells, inducing the formation of large vacuoles,
[20]
and inhibition of antigen presentation . VacA also
inserts into the mitochondrial membrane and causes
[21]
apoptosis . Cellular tight junctions are loosened by
VacA, releasing nutrients, such as iron, nickel, sugars,
and amino acids, needed for the establishment of H.
[22]
pylori . Furthermore, VacA inhibits the proliferation of
T cells, which helps the bacterium to evade an immune
[23,24]
response and establish a chronic infection
.
Although VacA is crucial for colonization of all H. pylori
strains, its toxicity is determined by the presence of
different allelic types of the signal sequence (s1 and
s2) and middle region (m1 and m2). It has been
proposed that H. pylori strains carrying vacA s1m1 are
highly toxigenic, increasing the risk of PUs or gastric
cancer, those with vacA s1m2 less toxigenic, and vacA
s2m2 nontoxigenic, while a genotype of vacA s2m1
[25,26]
rarely occurs
. CagA binds to epithelial cells and
causes perturbation of tight junctions, cell polarity, and
[27]
differentiation . Interaction of CagA with E-cadherin
and β-catenin causes interruption of the adhesion of
epithelial cells, as well as formation of junctions and
growth. Furthermore, CagA induces the production of
interleukin-8, which leads to an inflammatory response
[28]
and tissue damage . These interactions of CagA with
epithelial cells lead to destabilization and damage of
gastric epithelium, and thus, contribute to H. pylori
[22]
pathogenesis .
+
Studies have shown that cagA strains are often
associated with a higher risk of PUs or gastric cancer,

CONCLUSION: The outcome of H. pylori infection is
the result of interaction between bacterial genotypes
and the age and sex of infected individuals.
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[29,30]

compared to cagA strains
. It has been suggested
that the combination of an active VacA toxin with
CagA constitutes an efficient system for generating
an appropriate niche for long-term colonization of
H. pylori in gastric epithelium. CagA contributes to
changes in the gastric epithelium in several ways. It
has been demonstrated that CagA protects epithelial
cells against apoptotic events induced by VacA, but by
inducing proinflammatory and antiapoptotic activities,
also causes severe tissue damage, leading to a PU and
[31]
even gastric cancer . Furthermore, the antiapoptotic
activity of CagA has been shown to reduce the rate of
[32]
turnover of epithelial cells , whereas VacA decreases
[33]
CagA-induced cell scattering and motility .
[34]
Cure of CG , gastric ulcer (GU), and duodenal
[35]
ulcer (DU)
with antimicrobial therapy against H.
pylori demonstrates that the bacterium is an important
risk factor for dyspeptic diseases. However, several
studies have observed a correlation between H. pylori[13]
associated gastric atrophy and smoking , intake of
[14]
[15]
salt , alcohol , low levels of dietary beta-carotene,
[16]
and consumption of soybean products . Furthermore,
[17]
and consumption of
acid-suppression due to GU
[36]
have been found to be
acid-suppressing drugs
associated with corpus atrophy in H. pylori-infected
patients. In contrast, no correlation between H. pyloriassociated gastritis and sex, age, smoking, and coffee
intake or between atrophy or intestinal metaplasia
and smoking or drinking alcohol was observed in other
[19]
reports . Furthermore, it is well known that the
[7,8]
incidence of H. pylori infection increases with age ,
and that aging is an important risk factor for dyspeptic
[9,10]
diseases
. However, there are discrepancies about
the role of the sex of the patient in H. pylori-associated
[11]
dyspeptic diseases . Although reports indicate a
reduced incidence of H. pylori infection in some regions
of the world due to antimicrobial therapies against H.
[10,37-40]
pylori or other infections
, a considerable number
of patients in Iran are still referred for endoscopy,
seeking relief from dyspeptic diseases. The reported
frequency of H. pylori in the general population of Iran
[41]
is approximately 69% , but reaches up to 89% in
[42]
the northwestern province of Ardabil , where 90%
of individuals over 40 years-old suffer from H. pylori[43]
associated CG . In this study, H. pylori isolates from
233 patients with CG, GU, or DU were genotyped for
vacA alleles and cagA gene. The reciprocal impact
of H. pylori genotypes and host age and sex on the
development of dyspeptic diseases was assessed.

based on diagnosis and age: CG, GU, and DU, and <
40 years and > 40 years, respectively.

H. pylori isolation and cultivation

Two antral biopsies were taken from each patient for
a rapid urease test and H. pylori cultivation. Biopsies
were cultured on selective Brucella agar (Pronadisa,
Madrid, Spain) containing 5% defibrinated sheep blood
and 10 mg/L vancomycin, 5 mg/L trimethoprim, and
2.5 IU/L polymyxin B (all from MP Biomedical, Santa
Ana, CA, United States). Cultures were incubated at
37 ℃ under microaerobic conditions for 3-5 d. Bacterial
isolates were identified as H. pylori on the basis of
Gram-stained morphology, positive urease, catalase,
and oxidase tests, and amplification of the H. pylorispecific 16S rRNA gene. The purified bacterial isolates
were harvested in phosphate-buffered saline (PBS)
and stored at -20 ℃ until further use.

Genotyping of H. pylori isolates

DNA was extracted from fresh cultures of H. pylori
isolates with phenol/chloroform as previously
[44]
described . Genotyping of H. pylori isolates was
performed by polymerase chain reaction (PCR)
amplification of the cagA gene, vacA signal sequences
(s1 or s2), and middle regions (m1 or m2). The
primers for amplification are listed in Table 1.
Escherichia coli (DSM 0498) and previously PCRconfirmed H. pylori isolates were used as negative
and positive controls, respectively. Amplification was
carried out in a total volume of 25 μL containing 2.5
μL of 10 × PCR buffer (Sinaclon, Karaj, Iran), 1.5
mmol/L MgCl2, 125 μmol/L of each dNTP (Sinaclon),
1U of Taq DNA polymerase (Sinaclon), 0.5 μmol/L
of each primer, and 25 ng of bacterial DNA. Cycling
parameters were 94 ℃ (1 min), optimized annealing
temperature for each genes/alleles (1 min), and 72 ℃
(1 min) for 33 cycles with a final extension at 72 ℃
(7 min). PCR products were electrophoresed and
visualized with a UV transilluminator (UVP, Upland, CA,
United States). Amplified fragments of all genes/alleles
from the five isolates were purified and sequenced
with both forward and reverse primers using BigDye
technology, and sequencing reactions were run on
an AB13700XL DNA sequencer (Life Technologies of
Thermo Fisher Scientific, Waltham, MA, United States).
The BLAST program (http://www.ncbi.nlm.nih.gov)
was used to match the nucleotide sequences with
published sequences in Genbank (data not shown).
The size of the PCR products of all genes was similar
to those generated from the control H. pylori strains,
and sequences showed 99%-100% similarity with the
corresponding sequences of the reference H. pylori
strains in Genbank (Table 1).

MATERIALS AND METHODS
Patients

The recruited patients (n = 233; 129 men and 104
women) were randomly selected H. pylori-positive
referrals to the endoscopy unit of Shariati Hospital
(Tehran University of Medical Sciences, Tehran, Iran)
due to complaint of dyspepsia. Patients were stratified
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Statistical analysis

2

Statistical analysis was performed using Pearson’s χ
and Fisher’s exact probability tests. Kendell’s Tau b
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Table 1 Oligonucleotide primers used for polymerase chain reaction
Gene

Primer

Sequence (5'→3')

PCR products (bp)

Annealing temperature (℃)

Ref.

16S rRNA

HP1
HP2
VA1F
VA1R
VAG-F
VAG-R
D008
R008

GCAATCAGCGTCAGTAATGTT C
GCTAAGAGATCAGCCTATGTCC
ATGGAAATACAAGAAACACACC
CTGCTTGAATGCGCCAAACTTTAATC
CAATCTGTCCAATCAAGCGAG
GCGTCAAAATAATTCCAAGG
ATAATGCTAAATTAGACAACTTGAGCGA
TTAGAATAATCAACAAACATCACGCCAT

519

58.5

[85]

s1: 259
s2: 286
m1: 570
m2: 645
298

56.0

[25]

58.5

[25]

58.5

[86]

vacA (s1, s2)
vacA (m1, m2)
cagA

PCR: polymerase chain reaction.

30

Table 2 Distribution of genotypes in Helicobacter pylori
isolates n (%)

No. of cases
Sex
Age
vacA

cagA
s1m1cagA
s1m2cagA
s2m1cagA
s2m2cagA
s1m1m2cagA

Female
Male
< 40 yr
> 40 yr
s1
s2
m1
m2
s1m1
s1m2
s2m1
s2m2
+
+
+
+
+
+
-

CG

GU

DU

Total

113 (48.5)
62 (54.9)
51 (45.1)
43 (38.1)
70 (61.9)
83 (73.5)
30 (26.5)
32 (28.3)
81 (71.7)
24 (21.2)
59 (52.2)
6 (5.3)
24 (21.2)
82 (72.6)
31 (27.4)
17 (15.0)
7 (6.2)
41 (36.3)
18 (15.9)
5 (4.4)
1 (0.9)
19 (16.8)
5 (4.4)
0
0

64 (27.5)
27 (42.2)
37 (57.8)
5 (7.8)
59 (92.2)
53 (82.8)
11 (17.2)
16 (25)
48 (75)
15 (23.4)
38 (59.4)
1 (1.6)
10 (15.6)
50 (78.1)
14 (21.9)
10 (15.6)
5 (7.8)
30 (46.9)
8 (12.5)
1 (1.6)
0
9 (14.1)
1 (1.6)
0
0

56 (24.0)
15 (26.8)
41 (73.2)
17 (30.4)
39 (69.6)
55 (98.2)
1 (1.8)
20 (35.7)
34 (60.7)
19 (33.9)
34 (60.7)
0
1 (1.8)
37 (66.1)
19 (33.9)
10 (17.9)
9 (16.1)
24 (42.9)
10 (17.9)
0
0
1 (1.8)
0
2 (3.6)
0

233 (100)
104 (44.6)
129 (55.4)
65 (27.9)
168 (72.1)
191 (82.0)
42 (18.0)
68 (29.2)
163 (70.0)
58 (24.9)
131 (56.2)
7 (3.0)
35 (15.0)
169 (72.5)
64 (27.5)
37 (15.9)
21 (9.0)
95 (40.8)
36 (15.5)
6 (2.6)
1 (0.4)
29 (12.4)
6 (2.6)
2 (0.8)
0

11.6

20
14.6

15
10.3

10
5
0

12.4

18.5

CG

10.7

5.2

8.2
1.3
0.9

2.1

GU

DU

4.3

CG

GU

DU

Figure 1 Gastric disease cases are more prevalent in patients > 40 years
of age. The percentages of the 233 Helicobacter pylori-positive patients are
plotted according to disease diagnosis (CG: Chronic gastritis: GU: Gastric
ulcer; and DU: Duodenal ulcer), age (< 40 years and > 40 years), and sex (male:
white bars; female: shaded bars).

to sex, age, and H. pylori genotype are presented in
Table 2. A greater percentage of patients were > 40
years of age (168/233; 72.1%) and male (129/233;
55.4%). More patients were male in both age groups:
< 40 years, 16.7% (39/233) vs 11.2% (26/233)
females, and > 40 years, 38.6% (90/233) were male
vs 33.5% (78/233) female. For all diagnoses, more
patients were > 40 years (Figure 1, Table 2).

CG: Chronic gastritis; DU: Duodenal ulcer; GU: Gastric ulcer.

correlation coefficient was used to measure the strength
of dependence between H. pylori genotypes, and age
or sex and gastric disease. Logistic regression analysis
was used to predict the outcome of gastric diseases
based on age, sex, or H. pylori genotype (SPSS version
20, IBM Corp., Armonk, NY, United States). Statistical
significance was defined as P ≤ 0.05.

Genotype frequencies within H. pylori isolates from CG,
GU, and DU patients

In order to determine whether H. pylori isolates
genetically differed among patients and/or disease,
vacA and cagA genes were amplified from 233 H.
pylori DNAs and sequenced. The most frequently
+
detected alleles were vacA s1, vacA m2, and cagA ,
at 82.0% (191/233), 70.0% (163/233), and 72.5%
(169/233), respectively (Table 2). All vacA s/m
genotypes were detected, with vacA s1m2 (131/233;
56.2%) as the most common and vacA s2m1 (7/233;
3.0%) the least common. Moreover, vacA s1m2 was
equally prevalent among the three disease groups.
For the remaining vacA s/m genotypes, vacA s1m1
was observed in 24.9% (58/233) of cases and most
often associated with a diagnosis of DU (33.9%),

RESULTS
Classification of patients according to age, sex, and
gastric disease

All patients (n = 233) were H. pylori positive, but were
diagnosed with one of three diseases, CG, DU, or GU.
CG was the most prevalent gastric disease (113/233;
48.5%), compared to GU (64/233; 27.5%) and DU
(56/233; 24%). The distribution of patients according

WJG|www.wjgnet.com

> 40 yr

25
Gastric disease (%)

Characteristic

< 40 yr

9320

August 21, 2015|Volume 21|Issue 31|

Honarmand-Jahromy S et al . H. pylori , host factors and dyspepsia
whereas vacA s2m2 was detected in 15% (35/233) of
cases overall, but most often in CG patients (24/233;
+
21.2%). For all the alleles detected, vacA s1m2 cagA
(95/233; 40.8%) was the most common genotype
observed in the cohort.

of DU and vacA s2 for CG (P = 0.000); however, both
of these genotypes were equally associated with the
development of GU. There was no correlation between
+
vacA m or cagA alleles and gastric disease. For the
combination of vacA s, vacA m, and cagA genotypes
in gastric disease, only vacA s2m2 was found to have
an association with the development of CG and GU
compared to DU (P = 0.004). The frequency of vacA
+
s1m2cagA and vacA s1m2cagA strains was higher
in male patients with DU compared to female patients
(P = 0.004 and 0.011, respectively). Statistically
significant differences were not observed in CG and GU
patients (Figures 1 and 2).

Sex, age, and H. pylori genotypes of CG, GU, and DU
patients

Statistical analysis was first performed on clinical
characteristics of the patients, such as sex of the
patient and age. In this part of statistical analysis, each
individual disease group was considered separately.
Whereas CG and GU were not associated with sex of
the patient, In contrast, the increased proportion of
male relative to female patients in the DU group was
statistically significant (73.2% vs 26.8%, P = 0.001).
Increased age (> 40 years) was clearly associated with
all diseases (P = 0.011, 0.000, and 0.003 for CG, GU,
and DU, respectively).
The frequencies of specific virulence alleles were
examined based on gastric disease diagnosis. In
all diagnoses, the frequencies of the vacA s1 allele
compared to vacA s2 and vacA m2 relative to vacA
m1 were higher. The frequency of the vacA s1 allele
was higher than vacA s2 (73.5% vs 26.5% and 82.8%
vs 17.2%, P = 0.000), and vacA m2 was higher than
vacA m1 (71.7% vs 28.3% and 75.0% vs 25.0%,
P = 0.000) in CG and GU patients, respectively. In
addition, in DU patients, the frequency of the vacA s1
allele was significantly higher than vacA s2 (98.2%
vs 1.8%, P = 0.000), and the vacA m2 allele was at
a higher frequency than vacA m1 (60.7% vs 35.7%,
P = 0.000). Finally, the vacA s1m1m2 genotype was
only detected in 2/56 (3.6%) female DU patients.
cagA was detected in significantly more H. pylori
strains derived from CG (72.6%; P = 0.000) and DU
(66.1%; P = 0.016) patients. H. pylori isolates with
vacA s1m2cagA± genotypes exhibited the highest
frequency (56.3%) overall with similar prevalence
among CG, GU, and DU patients (Table 2, Figure 2).

DISCUSSION
Understanding the etiology of the development of
gastric diseases will help to develop strategies for
prevention and treatment. This study addressed age
and sex of the patient and H. pylori bacterial genotype
as major factors contributing to disease development
in a cohort of Iranian patients. Among 233 patients,
48.5% were diagnosed with CG, 27.5% GU, and
24.0% DU. All three diseases were more common in
patients > 40 years (72.1%). The most significant
difference between patients < 40 and > 40 years was
observed in the GU group. In addition, CG was found
to be more frequent in females and DU in males;
however, GU was similarly prevalent in males and
females. Finally, genotyping of the H. pylori isolates
indicated that the vacA s1 allele in combination with
being male was a significant risk factor for DU, and
that vacA s2m2 and being female were risk factors
for CG and GU. However, no correlation was found
between alleles of vacA m or cagA and dyspeptic
diseases.
In developing countries, the prevalence of H. pylori
infection reaches up to 80% before the age of 50
years and in developed countries, 50% of individuals
[45]
older than 60 years are infected . The reported H.
pylori-infection rate in the adult population of Brazil
[46]
[47]
ranged from 35.3%
to 97.9% . In another study
performed in Brazil, the incidence of H. pylori-related
gastritis increased with age in women in their 50s
and men in their 70s. Furthermore, the frequency
of dyspepsia in patients over 70 years was twofold
greater than in young adults, and two thirds of
[10]
dyspeptic patients were women . In Japan, the
prevalence of H. pylori was considerably high (85%)
and increased with age, from 26% in subjects 16-20
[48]
years up to 61% in those 50-64 years . In Africa, an
increased prevalence of H. pylori infection was detected
[49]
in older patients . In a study on 1391 Albanian
subjects, H. pylori seropositivity was more prevalent in
[50]
females > 40 years . A cross-sectional study in the
United Kingdom demonstrated a significant association
between H. pylori seropositivity and males, shorter
height, tobacco consumption, and lower socioeconomic

Reciprocal impact of host age and sex and H. pylori
genotypes on the development of gastric diseases

Clinical characteristics of patients were analyzed for
associations with disease development. Increased
age clearly emerged as a risk factor for all dyspeptic
disease diagnoses. As indicated above, the number of
patients in the three disease groups was significantly
greater in patients > 40 years than those < 40 years.
Increased age appeared as an important risk factor
for GU in both males and females, compared to CG
and DU (P = 0.000). Furthermore, being male was
correlated with DU and female with CG (P = 0.000),
whereas no significant correlation was found between
the development of GU and being male or female.
A strong correlation was found between specific
vacA s genotypes and gastric disease diagnosis. The
vacA s1 genotype was a risk factor for development
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Male

Female

6.2

+

s1m1cagA

8.8
1.8

-

s1m1cagA

15.0

+

s1m2cagA

21.2

-

CG

s1m2cagA

7.1

8.8

+

s2m1cagA

0.9

+

s2m2cagA

0.0
7.1

9.7

-

s2m2cagA

3.5

0.9
+

s1m1m2cagA

0.0

+

s1m1cagA

0.0
4.7

10.9

-

s1m1cagA

3.1

4.7

+

26.6

s1m2cagA

20.3
6.3

-

s1m2cagA

6.3
1.6

+

GU

2.7

1.8

-

s2m1cagA

s2m1cagA

-

s2m1cagA

0.0
0.0

0.0
6.3

7.8

+

s2m2cagA

1.6

0.0

-

s2m2cagA

0.0

+

s1m1m2cagA
+

s1m1cagA

0.0

10.7

-

s1m1cagA

7.1
5.4

10.7

+

33.9

s1m2cagA

-

8.9
16.1

s1m2cagA

1.8

+

0.0

0.0

-

0.0

0.0

s2m1cagA
DU

4.4

s2m1cagA

0.0

1.8

+

s2m2cagA

-

0.0

s2m2cagA

0.0

+

s1m1m2cagA

0.0
3.6

Figure 2 Distribution of Helicobacter pylori genotypes according to sex. vacA s1m2 cagA+ was the most common genotype in both males (dark bars) and
females (light bars) of all three gastric diseases. CG: Chronic gastritis; GU: Gastric ulcer; DU: Duodenal ulcer.
[45]

[54]

status . In a study from Brazil, the most prevalent
gastric disease was CG (72.3%), with GU at 5.1% and
DU at 6%. Gastroesophageal alterations were detected
in 16.7% of these cases. Sex and age played no role
in the development of CG; however, being male and
older age were associated with GU, whereas being
[51]
male alone was linked to the development of DU .
A similar prevalence of GU and DU and an association
with being male was also observed in another study
[11]
performed in Southern Brazil . However, in a third
study in Brazil, GU and DU were significantly more
[52]
frequent in women .
Reports indicate that males and females become
[53]
similarly infected with H. pylori . However, the clinical
outcome depends on the longevity and severity of the
inflammatory response to H. pylori infection in each

WJG|www.wjgnet.com

individual . An increasing body of evidence indicates
that the consequences of H. pylori infection are more
severe in males; however, the contributing factors
are currently unknown. Although the prevalence of H.
pylori in males and females was found to be similar,
as determined by the rapid urease test and stained
biopsy smear examination, higher levels of IgG were
[55]
observed in males . Furthermore, being male,
having polymorphism at the interleukin-1β promoter,
and overexpression of interleukin-1β have all been
associated with increasing the risk of atrophic gastritis
and gastric adenocarcinoma in H. pylori-infected
[56,57]
patients
. It has been demonstrated that gastrin, a
hormone which stimulates the proliferation of epithelial
[58]
cells , can lead to gastric cancer if overexpressed,
[59]
especially in the context of H. pylori infection . In
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Sweden, higher levels of antibodies against VacA and
CagA in H. pylori-infected patients were associated with
increased risk of the development of gastric cancer by
twofold when compared with control patients without
[60]
H. pylori infection . H. pylori and aging have also
been found to be strongly associated with an increased
risk of atrophy and the development of intestinal
[19,61]
metaplasia in gastric mucosa
. In Japan, intestinal
metaplasia was evident in a considerable number of
males (90%) over the age of 50 years compared to
females in the same age group or younger individuals
[62]
overall . In the United States, the incidence of gastric
cancer in males has been reported to be five times
[63]
higher than in females .
The frequencies of vacA s1 (82%), vacA s2 (18%),
vacA m1 (29.2%), vacA m2 (70.8%), and cagA
(72.5%) were within ranges reported by other studies
performed on patients in Iran: vacA s1, 68%-80%;
vacA s2, 20%-32%; vacA m1, 30%-70%; vacA m2,
[64,65]
[66]
[67]
27%-70%
; and cagA, 44%
to 91% . vacA
s1 was detected in 73.5%, 82.8%, and 98.2% of CG,
GU, and DU patients, respectively, whereas vacA s2
was detected in 26.5%, 17.2%, and 1.8%. vacA m1
was found in 28.3% of CG, 25% of GU, and 35.7% of
DU patients, and vacA m2 in 71.7% CG, 75% GU, and
60.7% of DU patients. The cagA gene was detected
in most H. pylori isolates (66.1%-78.1%). The most
frequent genotype among the 233 isolates was vacA
+
+
s1m2cagA (40.8%) followed by vacA s1m1cagA
(15.9%), and vacA s1m2cagA (15.5%), with a similar
distribution among gastric disease diagnoses. The
+
frequency of vacA s2m2cagA genotype was lower,
at 12.4%. Reports indicate that the s1 genotype is
very common in East Asian countries, but with no
relationship to the clinical outcomes of infection,
whereas vacA m1 is more frequent in North East Asia
[30,68]
and vacA m2 in South Asia
. Several studies in
Western countries have shown that individuals infected
with H. pylori strains carrying vacA s1 or m1 alleles
are at a higher risk of PU or gastric cancer when
compared to those infected with vacA s2 or vacA
[69,70]
m2-carrying strains
. In this cohort, genotypes
vacA s1m1 and vacA s2m2 were detected at a high
frequency. The H. pylori vacA s1m1 genotype is in
[71]
fact common worldwide, ranging from 42% to 84%
around the globe, whereas vacA s2m2 varies from
[71,72]
0% to 57%
. The frequencies of the vacA s1m1
genotype within the isolates of this study exhibited no
significant difference among gastric disease diagnoses
(21.2%, 23.4%, and 33.9% for CG, GU, and DU
patients, respectively). However, the frequencies of
the vacAs2m2 genotype were significantly higher in
CG and GU patients compared to DU patients (21.2%,
15.6%, and 1.8%, respectively). In a study from
Japan, H. pylori strains with the vacA s1m1 genotype
were isolated from 59.2%, 79.2%, and 87.5% of
[73]
CG, GU, and gastric cancer patients, respectively .
Furthermore, the vacA s1m2 genotype was found in
17.3%, 7.9%, and 27.2% of isolates from CG, GU, and
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DU patients, respectively. The vacA s2m2 genotype
was more common in H. pylori isolates from CG
(22.4%) than GU (11.9%), DU (10.5%), and gastric
cancer (4.2%) patients.
Although the frequency of cagA was high (72.5%)
+
in our cohort, an association of cagA genotypes with
the development of CG, GU, and DU was not observed.
The frequency of cagA has been reported to range
[74]
from 50% in some Middle Eastern countries to 88%
[75,76]
in Europe and North America
and 99% in many
[77,78]
East Asian countries
. Studies in Western countries
+
have revealed a significant association of cagA H.
pylori strains with severe gastritis, PU, and gastric
[29,30,79]
cancer
. However, such a relationship was not
+
found between cagA strains and PU, gastric cancer,
[80]
and non-ulcer dyspepsia in Far Eastern countries . In
a study from Italy, 72% (132/193) of H. pylori isolates
+
were cagA , and cagA positivity was associated with
[81]
PU and gastric cancer but not gastritis . It has been
proposed that the vacA s1m1 genotype is often linked
to the presence of cagA and the vacA s2m2 genotype
[25,82]
with its absence
. In Alaska, cagA was detected
in 85% of H. pylori isolates; however, no correlation
+
was found between the cagA or cagA genotype and
development of gastric diseases. In the same study,
66% of vacA s2m2-carrying H. pylori strains contained
[12]
the cagA gene .
Results of this study demonstrate that gastric
diseases are significantly more frequent in patients
> 40 years. Being male and the vacA s1 genotype
played an important role in the development of DU.
Aging and the vacA s2m2 genotype were associated
with a diagnosis of GU, and being female and the vacA
s2m2 genotype with CG. However, no correlation was
found between vacA m or cagA and gastric diseases. A
large body of evidence indicates that the heterogeneity
of H. pylori underlies the diversity of gastric diseases
observed. This bacterial genetic diversity appears
to be the result of recombination processes that
evolved for the purpose of long-term colonization
in humans, despite eliciting chronic inflammatory
[83]
responses . In this regard, investigators believe that
VacA and CagA act together to stimulate signals in
epithelial cells, affecting cell structure, differentiation
[27]
and behavior , and are balanced with the damage
[31,84]
. Results of this
needed for long-term colonization
study indicate that VacA and CagA are mainly involved
in the colonization of H. pylori in the human stomach.
However, the interplay between H. pylori genotypes
and age and sex of the human hosts is likely to
determine the severity of the gastric disease diagnosis.
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Background

Helicobacter pylori (H. pylori) infection has been regarded as a risk factor for
gastric diseases, ranging from chronic gastritis to more severe outcomes,
such as peptic ulcers, gastric cancer, and mucosa-associated lymphoid tissue
lymphoma. H. pylori has a remarkable heterogeneous genetic reservoir which
may enable efficient bacterial adaptation to the gastric niche in different
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patients. Disease development is potentially the result of the interaction
between H. pylori virulence factors, VacA, and CagA and the host, which leads
to inflammation and tissue damage. Thus, underlying the clinical outcome of H.
pylori infection may be the interplay between virulence factors, host genetics,
and environmental factors. However, despite extensive research on H. pylorirelated diseases, the impact of risk factors alone or in concert has not been
thoroughly evaluated. Therefore, it remains possible that the age and sex of
infected individuals play important roles in determining the outcome of H. pylori
infection.

2

3

4

Research frontiers

Reports on the risk factors involved in development of H. pylori-associated
gastric diseases are controversial. H. pylori-associated gastric atrophy has
been correlated to smoking, intake of salt, alcohol, or low beta-carotene,
consumption of soybean products, and even acid-suppressing drugs. No
correlation with age, sex, smoking, or coffee intake, however, has been
observed in other studies. Currently, the relationship between bacterial, host,
and environmental factors has only been examined in a few studies with larger
numbers of patients. The incidence of H. pylori infection is considerably high
in Iran (69%-80%); correspondingly, the frequency of referrals to endoscopy
rooms due to complaint of dyspepsia is also high. Therefore, knowledge of the
risk factors may contribute to the management and/or prevention of the more
severe consequences of H. pylori infection in high-risk patients.

5

6

7

Innovations and breakthroughs

The focus of this study was to assess the potential impact of individual factors,
including host age and sex and H. pylori genotypes, on the development of H.
pylori-associated chronic gastritis (CG), gastric ulcer (GU), and duodenal ulcer
(DU). Results indicated that age and sex were associated with the development
of gastric disease in the context of H. pylori infection, and specific H. pylori
genotypes were differentially associated with the diagnosis of CG, GU, and DU.

8

9

Applications

Increased age, being female, and the vacA s2m2 genotype were risk factors for
CG, increased age in males and females and vacA s2m2 for GU, and increased
age and vacA s1 for DU. Accordingly, for prevention and control of H. pyloriassociated gastric diseases, results of this study might help to identify high-risk
patients, particularly in the Iranian population.

10

Terminology

11

GU is a defect in gastric mucosa that penetrates deep into the muscularis
mucosa. The sensation of indigestion is described as burning and can be
relieved by antacid. DU, the duodenal deformity caused by acid and pepsin
from the duodenal mucosa, is often associated with pain in the upper stomach,
vomiting, bleeding, perforation, and obstruction, and is also relieved by taking
antacids. CG is the inflammation of gastric mucosa, mainly caused by H. pylori
infection. CG usually has no definite symptoms, but the patient is susceptible to
the development of GU.

12

13

Peer-review

The relationship between H. pylori genotypes and host age and sex on the
development of H. pylori-associated gastric diseases was investigated.
Increased age (> 40 years) was found to be a risk factor for CG, GU, and DU.
Furthermore, being female and vacA s2m2 were risk factors for CG, vacA s2m2
for GU, and vacA s1 for DU in males. No correlation between H. pylori alleles
vacA m or cagA and gastric diseases was observed. Therefore, the disease
outcome of H. pylori infection may be a direct result of the interaction of specific
bacterial genotypes with the age and sex of infected individuals.
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Abstract
AIM: To investigate the functional consequences
of rs2736100 polymorphism in telomere length and
examine its link to gastric cancer risk.
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METHODS: Telomere length and human telomerase
reverse transcriptase (hTERT ) mRNA expression were
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the risk of gastric cancer were examined in 243 gastric
cancer patients and 246 healthy individuals.
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RESULTS: The rs2736100 A allele carrier is closely
associated with reduced hTERT mRNA expression and
shortened telomere length in gastric cancer tissue
and cell lines. When gastric cancers were stratified
by histological subtype, telomere length and hTERT
mRNA levels were significantly increased in those with
the C/C genotype in intestinal-type gastric cancer, but
not in diffuse-type gastric cancer. Interestingly, there
was no significant difference in the genotype and allele
frequencies of the rs2736100 polymorphism between
the patients with gastric cancer and healthy controls.
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[6]

gastric cancer.

telomerase-associated factors . In most normal human
somatic tissues, telomerase activity is undetectable,
whereas it is frequently detectable in almost all types
of human cancers, suggesting the importance of
[7]
telomerase in the development of cancer . Defects
in telomere maintenance contribute to the initiation
of genomic instability during carcinogenesis, including
[8]
gastric cancer . The telomerase reverse transcriptase
(TERT) gene is located in chromosome 5p15.33 and
a variant rs2736100 localized in the second intron of
the gene. The rs2736100 C allele is one of the eight
variants associated with long telomeres in white blood
[9]
cells . We previously reported that telomere length in
35 gastric cancer tissues was shortened significantly,
compared with the corresponding non-cancerous gastric
mucosae, and was positively correlated with human
[10]
telomerase reverse transcriptase (hTERT) expression .
This led us to hypothesize that the rs2736100 poly
morphism is closely associated with telomere length
and gastric cancer risk.
In the present study, we investigated whether the
rs2736100 single‑nucleotide polymorphism (SNP)
of the hTERT gene is associated with hTERT mRNA
expression level and telomere length, and examined
the ability of rs2736100 to predict gastric cancer risk.
Overall, we found that rs2736100 A allele carrier is
closely associated with shortened telomere length and
reduced hTERT mRNA expression in gastric cancer,
especially in intestinal-type. However, genotype and
allele frequencies of rs2736100 polymorphism were
not associated with an increased risk for gastric cancer
in this population.

Key words: Human telomerase reverse transcriptase;
Telomere; Gastric cancer; Polymorphism; Risk
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The rs2736100 polymorphism is closely
associated with reduced human telomerase reverse
transcriptase (hTERT ) mRNA expression and shortened
telomere length in gastric cancer tissue and cell lines.
Additionally, telomere length and hTERT mRNA levels
were significantly increased in those with the C/C
genotype in intestinal-type gastric cancer. Notably,
there was no significant difference in the genotype
and allele frequencies of the rs2736100 polymorphism
between the patients with gastric cancer and healthy
controls. These results suggest that the rs2736100
polymorphism of the hTERT gene is involved in the
regulation of hTERT expression and telomere length,
but not in the risk of gastric cancer.
Choi BJ, Yoon JH, Kim O, Choi WS, Nam SW, Lee JY, Park
WS. Influence of the hTERT rs2736100 polymorphism on
telomere length in gastric cancer. World J Gastroenterol 2015;
21(31): 9328-9336 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9328.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9328

INTRODUCTION
Gastric cancer remains one of the malignancies with
the highest incidence and mortality rates worldwide,
accounting for approximately 10% of all newly
[1-3]
diagnosed cancers . Gastric mucosal inflammation is
generally believed to be caused by chronic Helicobacter
pylori (H. pylori) infection and atrophic gastritis, while
intestinal metaplasia and dysplasia represent different
[4,5]
stages of the gastric carcinogenesis cascade . Thus,
gastric carcinogenesis is a multistep process involving
genetic and epigenetic changes in oncogenes, tumorsuppressor genes, cell adhesion molecules and DNA
repair genes. There are two main types of gastric
adenocarcinoma according to the Lauren classification
defined as intestinal-type and diffuse-type. Of these,
intestinal-type carcinomas showed obvious glandular
differentiation, whereas diffuse-type carcinomas
are typically poorly differentiated. The phenotype
variation has led to substantial research interest on the
regulation of genes. Although numerous advances in
the understanding of gastric cancer have been made,
the precise molecular mechanism underlying gastric
carcinogenesis is not yet fully understood.
Telomere length in healthy cells is highly regulated in
a tissue- and cell type-specific manner and is dependent
on mitotic turnover rate, telomerase activity, and

WJG|www.wjgnet.com

MATERIALS AND METHODS
Samples

In this study, archival non-cancerous gastric mucosa
specimens from 243 gastric cancer patients who
underwent subtotal or total gastrectomy at the Catholic
University of Korea, College of Medicine in Seoul,
were enrolled. All gastric cancers specimens were
pathologically confirmed as gastric adenocarcinoma.
None of the patients received chemotherapy or
radiotherapy before surgery. The healthy control
subjects (n = 246) were collected from residents of the
same racial and geographic area without personal or
familial history of malignancy and other major disease.
To exclude the effects of ethnic differences, only
Koreans were included in this study. Informed consents
were obtained according to the Helsinki Declaration.
This study was approved by the institutional review
board of the Catholic University of Korea, College of
Medicine (CUMC09U089).
AGS, MKN-1, MKN-45, SNU-638, and KatoⅢ gastric cancer cell lines were obtained from the
American Type Culture Collection. These cells were
cultured at 37 ℃ in 5% CO2 in RPMI-1640 medium
(Lonza, Basel, Switzerland) supplemented with 10%
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Sample T/S ratios were then divided with the T/S ratio
of a reference DNA included in each plate, generating
relative telomere length values. Each sample was
loaded in triplicate, and all PCR-plates included a
standard curve for PCR efficiency calculations.
In addition, hTERT mRNA transcript expression was
examined in 5 gastric cancer cell lines and 35 gastric
cancer tissues by real time reverse transcription PCR.
After cDNA synthesis, 50 ng cDNA was amplified using
Fullvelocity SYBR Green QPCR Master Mix (Stratagene)
and 20 pmol/μL each of the forward and reverse
primers on the Stratagene Mx 3000P QPCR system.
To ensure the fidelity of mRNA extraction and reverse
transcription, all samples were subjected to PCR
amplification with oligonucleotide primers specific for
the constitutively expressed gene, glyceraldehyde-3phosphate dehydrogenase (GAPDH), and normalized.
Sequences of the primers are described in Table 1. The
standard curve method was used for quantification
of the relative amounts of gene expression products.
All samples were tested in duplicate, and the average
values were used for quantification.
Since gastrokine 1 (GKN1) induces senescence
and apoptosis in gastric cancer cells by regulating
[10]
telomere length and hTERT expression , hTERT
mRNA expression were measured in 5 gastric cancer
cell lines after treatment with recombinant GKN1 (10
nmol/L, A&R therapeutics, Daejeon, South Korea) and
correlated to rs2736100 polymorphism. To identify
the effect of GKN1 on hTERT expression, non-treated
gastric cells were used as a control. The effects of
GKN1 were presented as the fold changes in hTERT
expression relative to control.

Table 1 The Primer sequences used in this study
Gene

Primer sequences

hTERT
rs2736100
Telomere
standard

F: 5’-GGT GCC TCC AGA AAA GCA G-3’
R: 5’-GAC ACG GAT CCA GGA CCT C-3’
5’-TTA GGG TTA GGG TTA GGG TTA GGG TTA GGG
TTA GGG TTA GGG TTA GGG TTA GGG TTA GGG
TTA GGG TTA GGG TTA GGG TTA GGG-3’
36B4 standard 5’-CAG CAA GTG GGA AGG TGT AAT CCG TCT CCA
CAG ACA AGG CCA GGA CTC GTT TGT ACC CGT
TGA TGA TAG AAT GGG-3’
Telomere
F: 5’-CGG TTT GTT TGG GTT TGG GTT TGG GTT TGG
GTT TGG GTT-3’
R: 5’-GGC TTG CCT TAC CCT TAC CCT TAC CCT TAC
CCT TAC CCT-3’
36B4
F: 5’-CAG CAA GTG GGA AGG TGT AAT CC-3’
R: 5’-CCC ATT CTA TCA TCA ACG GGT ACA A-3’
hTERT
F: 5’-ATG CGA CAG TTC GTG GCT CA-3’
R: 5’-ATC CCC TGG CAC TGG ACG TA-3’
GAPDH
F: 5’- AAA TCA AGT GGG GCG ATG CTG-3’
R: 5’- GCA GAG ATG ATG ACC CTT TTG-3’
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; hTERT: Human
telomerase reverse transcriptase.

heat-inactivated fetal bovine serum.

DNA and RNA extraction

Non-neoplastic cells from specimens of gastric
cancer patients were obtained from frozen cancerfree gastric mucosa. For healthy control population,
a leukocyte cell pellet from each blood sample was
obtained from the Buffy coat by centrifugation of 2
mL of whole blood. The cell pellet was used for DNA
extraction. The Qiagen DNA Blood Mini Kit (Qiagen,
Valencia, CA, United States) was used according to the
manufacturer’s instructions to obtain genomic DNA.
The DNA purity and concentration were determined by
®
Nanodrop ND-1000 spectrophotometer (Nanodrop
technologies, Wilmingon, DE, United States).
After quantification of mRNA extracted from frozen
gastric mucosae, cDNA was synthesized using the
reverse transcription kit from Roche Molecular System
(Roche, Mannheim, Germany), according to the
manufacturer’s protocol.

PCR-restriction fragment length polymorphism analysis
for rs2736100 polymorphism

Genomic DNAs were amplified with primers covering the
rs2736100 polymorphism in the human hTERT gene.
For PCR, the primer sequences were described in Table
1. The PCR procedure was performed under standard
conditions in a 20 µL reaction mixture containing 2 µL of
template DNA, 0.5 µmol/L of each primer, 0.2 µmol/L of
each deoxynucleotide triphosphate, 1.5 mmol/L MgCl2,
0.4 unit of Ampli Taq gold polymerase (Perkin-Elmer,
Foster City, CA, United States), and 2 µL of 10 × buffer.
The reaction mixture was denatured for 12 min at 95 ℃
and then incubated for 40 cycles (denaturing for 30 s
at 95 ℃, annealing for 30 s at 55.4 ℃ and extension for
30 s at 72 ℃). A final extension step was performed for
5 min at 72 ℃. After amplification, the PCR products for
rs2736100 polymorphism of hTERT were digested with
5 U of restriction enzyme SfcI at 37 ℃ for 4 h. DNA
fragments then were electrophoresed on a 3% agarose
gel. To ensure the reliability of the restriction fragment
length polymorphism results, 50 (20.6%) PCR products
of 243 gastric cancer cases were sequenced using the
fluorescent dideoxy chain termination method with on
ABI 3730XL Analyzer (Applied Biosystems, Foster city,

Measurement of telomere length and hTERT expression
in gastric cancer tissues and cell lines

Previously, we examined telomere length in 35 gastric
cancer tissues by real-time quantitative polymerase
[10]
chain reaction (qPCR) . Briefly, after quantifying
the genomic DNAs extracted from each sample,
real-time SYBR Green qPCR was performed on a
Stratagene Mx 3000P qPCR system (Stratagene, La
Jolla, CA, United States). Sequences of the primers are
described in Table 1. All samples were subjected to PCR
amplification with specific oligonucleotide primers for
the constitutively expressed single gene copy number
(36B4) and normalized. The ratio of telomere repeat
copy number to single-copy gene number (T/S ratio)
was determined using the comparative Ct method.
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M

A/A

A/A

C/C

C/A

site. After digestion with SfcI, three genotypes were
demonstrated; C/C homozygote, yielding 106- and
55-bp fragments; C/A heterozygote, yielding 161-,
106-, and 55-bp fragments; and A/A homozygote as,
161-bp fragment (Figure 1).
Next, to investigate whether the genotype of
rs2736100 polymorphism contributes to hTERT
expression, the genotypes of 5 gastric cancer cell lines
were compared with hTERT mRNA expression. As
shown in Figure 2A, the genotype of AGS and MKN1cells
was C/C homozygote, MKN-45 and SNU-638 were
heterozygote, and KATO-Ⅲ was A/A homozygote.
Interestingly, hTERT mRNA expression was markedly
increased in AGS and MKN1 cells with C/C homozygote
and reduced in KATO-Ⅲ cells with A/A homozygote,
compared the cells with C/A heterozygote (Figure 2B).
[10]
Consistent with our previous results , GKN1 treatment
significantly down-regulated hTERT mRNA expression
in all gastric cancer cell lines, especially in MKN-45 and
SNU-638 cells with C/A heterozygote and KATO-Ⅲ
cell with A/A homozygote (Figure 2C), suggesting that
hTERT mRNA expression level is closely associated with
the genotype of the rs2736100 polymorphism.
Previously, telomere length and hTERT mRNA levels
[10]
in gastric cancer were measured in 35 subjects . As
shown in Figure 3A, the genotype of rs2736100 poly
morphism of the hTERT gene was closely associated
with hTERT mRNA and telomere length in gastric
cancers (P = 0.0026 and P = 0.0199, respectively).
When we compared the genotype of rs2736100
polymorphism with telomere length and hTERT mRNA
levels, subjects carrying the A allele (A/A and C/A
genotypes) showed lower hTERT mRNA levels and
shortened telomere length, compared with those who
had C/C homozygote genotype (P = 0.0016 and P =
0.0098, respectively) (Figure 3B).
When we stratified the gastric cancers by the Lauren
classification, the telomere length was shortened in
diffuse-type gastric cancer (P = 0.0251). However,
there was no difference in hTERT mRNA expression
between intestinal- and diffuse-type gastric cancers (P
= 0.1485) (Figure 4A). When we combined C/A and
A/A genotypes, telomere length and hTERT mRNA
levels were significantly increased in those with the C/C
genotype in intestinal-type gastric cancer (P = 0.0069
and P = 0.0204, respectively) (Figure 4B). However,
the genotype of rs2736100 polymorphism was not
associated with telomere length and hTERT expression
in those with diffuse-type gastric cancer (P = 0.1414
and P = 0.2298, respectively) (Figure 4C).

C/A

161 bp
106 bp
55 bp

Figure 1 Genotypes of rs2736100 by polymerase chain reaction-restriction
fragment length polymorphism. SfcI restriction enzyme recognizes and cuts
the polymerase chain reaction (PCR) product of C-type allele. Lane M: 50 base
pair ladder; Lane 1 and 2: SfcI digested PCR product is homozygous (A/A);
Lane 3: SfcI digested PCR product is homozygous (C/C); Lane 4 and 5: SfcI
digested PCR product is heterozygous (C/A).

CA, United States).

Statistical analysis

We firstly examined the association of hTERT poly
morphism (rs2736100) with hTERT mRNA expression
and telomere length in gastric cancer cell lines and
2
tissues by student t-test and χ test. Next, we conducted
a two-tailed t-test to determine the differences in the
percentages of genotypes and alleles between patients
and healthy controls, and between the two histological
types. The strength of association between allele
frequencies and the stomach cancer was estimated by
calculating the OR and 95%CI by logistic regression
analysis using genotype or the number of allele as a
regressor. An adjusted analysis was also performed by
logistic regression analysis after adjustment for gender
and age. A P values < 0.05 were considered to be
statistically significant. The statistical methods of this
study were reviewed by Professor Yong Gyu Park from
The Catholic University of Korea.

RESULTS
Characterization of the study population

A total of 243 patients and 246 healthy individuals
were included in this study. The 243 cases included
174 men (71.6%) and 69 women (28.4%) with a
median age of 62.5 (22-83) years at initial diagnosis.
Histologically, 145 cases were of intestinal-type
(59.6%) and 98 were of diffuse-type (40.4%) gastric
cancers. The average age was 63 ± 12 in cancer
patients and 44 ± 8 in control group. Age of 50 was
2
used for stratification and χ test showed that age
distribution had no statistical difference between two
groups (P = 0.5721 and P = 0.6110, respectively).

Association of rs2736100 polymorphism with risk of
gastric cancer

Influence of rs2736100 polymorphism on telomere
length and hTERT mRNA expression

Next, to determine whether the rs2736100 polymor
phism is associated with risk of gastric cancer in the
Korean population, we investigated the genotype and
allele frequencies of rs2736100 polymorphism in 243
gastric cancer patients and 246 healthy individuals.

A 161-bp PCR fragment containing the hTERT SfcI
polymorphic site was amplified. The A allele has no
restriction site and the C allele has one restriction
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A

a

GKN1 (10 nmol/L)

1.0
hTERT mRNA expression
(fold change)

of both groups was a representative of the general
population. The frequencies of the rs2736100 C/C,
C/A, and A/A genotypes were 42.0% (102/243),
44.0% (107/243), and 14.0% (34/243), respectively,
in gastric cancer patients and 35.0% (86/246),
49.6% (122/246) and 15.4% (38/246), respectively,
in the healthy controls (Table 2). Statistically, no
differences in the genotype and allele frequency of
hTERT rs2736100 were observed between the healthy
controls and gastric cancer patients (P = 0.2797 and P
= 0.1727, respectively).
When the data were stratified according to
histological subtype of gastric cancer, there was no
significant difference in the risk of gastric cancer
between intestinal- and diffuse-type (P = 0.5448) (Table
3). Compared with genotypes of healthy controls, no
significant difference in the risk of intestinal- and diffusetype gastric cancers was found in the carriers with an
A allele (A/C or A/A genotypes) and those with the C/C
genotype (P = 0.0528 and P = 0.6256) (Table 3). These
findings suggest that rs2736100 polymorphism of the
hTERT gene may not be associated with susceptibility to
the development and differentiation of gastric cancer in
Korean population.

Non-treatment

a

a

a
a

0.5

0.0
AGS

MKN1

MKN45

C/C

B

SNU-638
C/A

KATOⅢ
A/A

Non-treatment
P < 0.0001

P < 0.0001
hTERT mRNA expression
(fold change)

1.0

P < 0.0001

0.5

0.0
C/C

C/A

DISCUSSION

A/A

Genotype

Normal cells divide for a limited number of times,
whereas cancer cells usually have the ability to
[11]
proliferate indefinitely . In healthy cells, telomere
length is highly regulated in a tissue- and cell typespecific manner and is dependent on mitotic turnover
rate, telomerase activity, and telomerase-associated
[12]
factors . Telomerase, which adds TTAGGG sequences
to the 3’ ends of telomeric DNA and promotes genomic
[13]
stability, is a critical determinant of telomere length .
Telomeres play an important role in the maintenance of
genomic stability and defects in telomere maintenance
contribute to the initiation of genomic instability
[8,14,15]
during carcinogenesis, including gastric cancer
.
Interestingly, telomere shortening and dysfunction have
been suggested to contribute to cancer susceptibility by
increasing the risk of chromosomal aberrations caused
[16]
by the breakage-fusion-bridge cycle . Since cells with
sufficiently shortened telomere enter an irreversible
growth arrest called cellular senescence, it is necessary
to elucidate mechanisms of telomere length regulation
for the development of novel anti-cancer agents.
Human telomerase is composed of two subunits:
telomerase RNA (hTERC) which serves as the template
for telomere elongation and telomerase reverse
transcriptase (hTERT) which possesses the catalytic
[17-19]
activity to synthesize DNA from the RNA template
.
The SNP rs2736100 is one of the most common
variants of the hTERT gene associated with cancer
[20-23]
risk
. In particular, it has been reported that the
C allele of rs2736100 was significantly associated
[9,24]
with longer telomere length of germ-cells
. Since
telomerase activity was presently increased in most

GKN1 (10 nmol/L)

P < 0.0001
P < 0.0001

hTERT mRNA expression
(fold change)

1.0

P < 0.0001
0.5

0.0
C/C

C/A

A/A

Genotype

Figure 2 Association of the rs2736100 polymorphism with hTERT mRNA
expression in 5 gastric cancer cell lines. A: The genotype of rs2736100
polymorphism of the hTERT gene was determined by polymerase chain
reaction-restriction fragment length polymorphism. The genotype of AGS and
MKN1 cells was C/C homozygote, MKN45 and SNU-638 was heterozygote,
and KATO-Ⅲ was A/A homozygote. GKN1 treatment significantly reduced
the expression of hTERT gene in 5 gastric cancer cell lines (aP < 0.05); B:
The genotype of rs2736100 polymorphism of the hTERT gene was closely
associated with hTERT mRNA expression in non-treated gastric cancer cells; C:
Fold changes of hTERT mRNA expression in GKN1-treated compared to nontreated gastric cancer cells were assessed by real time QPCR. GKN1 treatment
markedly down-regulated hTERT mRNA expression, especially in MKN-45 and
SNU-638 cells with C/A heterozygote and KATO-Ⅲ cell with A/A homozygote.
hTERT: Human telomerase reverse transcriptase.

The distribution of genotypes in cancer group and
control group was conformed to be in Hardy-Weinberg
equilibrium, indicating that genotype distribution
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A

B

P = 0.0026
P = 0.0063

3

P = 0.0016

3

hTERT mRNA expression

hTERT mRNA expression

P = 0.9773

2

1

0

2

1

0
C/C

C/A

A/A

C/C

C/A + A/A

Genotype

P = 0.0199

P = 0.0098

1.5

P = 0.0441

1.5

Telomere length

Telomere length

P = 0.5467
1.0

1.0

0.5

0.5

0.0
C/C

0.0
C/C

C/A

C/A + A/A

A/A

Genotype

Figure 3 Association of the rs2736100 polymorphism with hTERT mRNA expression and telomere length in 35 gastric cancers. A: The genotype of
rs2736100 polymorphism of the hTERT gene was closely associated with hTERT mRNA expression and telomere length (P = 0.0026 and P = 0.0199, respectively);
B: When we combined C/A and A/A genotypes, the cases carrying the A allele (A/A and C/A genotypes) showed lower hTERT mRNA expression levels and
shortened telomere length, compared with those who had C/C homozygote genotype (P = 0.0016 and P = 0.0098, respectively). hTERT: Human telomerase reverse
transcriptase.

cancer cells, it is possible that the C allele is closely
associated with increased hTERT expression and a
higher telomerase activity, suggesting that this SNP acts
on the hTERT gene encoding the reverse transcriptase
of the telomerase complex, essential for maintaining
the telomere length. In this study, we also found that
hTERT mRNA expression level markedly increased in
the gastric cancer cells with C/C homozygote and was
reduced in cells with A/A homozygote, compared the
cells with C/A heterozygote (Figure 2). Furthermore,
the rs2736100 C allele specifically influences the
[25]
cellular response to anti-mitotic agents . Our
previous study indicated that GKN1 may inhibit the
telomere elongation by suppressing c-myc-induced
[10]
hTERT expression . Thus, we investigated whether
the effect of GKN1 on hTERT expression is associated
with the rs2736100 polymorphism in 5 gastric cancer
cell lines. Expectedly, GKN1 treatment significantly

WJG|www.wjgnet.com

down-regulated hTERT mRNA expression in MKN-45
and SNU-638 cells with C/A heterozygote and KATOⅢ cells with A/A homozygote (Figure 2C). Taken
together, these results suggest that hTERT mRNA
expression level is closely associated with rs2736100
polymorphism. However, further studies are strongly
needed to identify the molecular mechanisms by which
GKN1 regulates the rs2736100 polymorphism.
Next, we further confirmed the effect of rs2736100
polymorphism on hTERT mRNA expression and
telomere length in gastric cancer tissues (Figure 3A
and B). As shown in Figure 3B, the cases carrying
the A allele (A/A and C/A genotypes) showed lower
hTERT mRNA levels and shortened telomere length,
compared with those who had C/C homozygote
genotype (P = 0.0016 and P = 0.0098, respectively).
Although the sample size (n = 35) was limited, it is
likely that genotype of the rs2736100 polymorphism
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A

B

P = 0.1485

3

P = 0.0069

3

C

P = 0.1414

2.5

2

1

hTERT mRNA expression

hTERT mRNA expression

hTERT mRNA expression

2.0
2

1

1.5

1.0

0.5

0

0
INT

DIF

P = 0.0251

1.5

0.0
INT_CC

INT_CA + AA

DIF_CC

P = 0.0204

1.5

DIF_CA + AA

P = 0.2298

1.0

0.5

1.0

Telomere length

1.0

Telomere length

Telomere length

0.8

0.5

0.6

0.4

0.2

0.0

0.0
INT

DIF

0.0
INT_CC

INT_CA + AA

DIF_CC

DIF_CA + AA

Figure 4 Association of the rs2736100 polymorphism with hTERT mRNA expression and telomere length in intestinal- and diffuse-type gastric cancers. A:
The telomere length shortened in diffuse-type gastric cancer (P = 0.0251), but hTERT mRNA expression was not associated with histologic differentiation of gastric
cancers (P = 0.1485); B: When we combined C/A and A/A genotypes, telomere length and hTERT mRNA levels were markedly increased in those with the C/C
genotype in intestinal-type gastric cancer (P = 0.0069 and P = 0.0204, respectively); C: The rs2736100 polymorphism was not associated with hTERT expression and
telomere length in diffuse-type gastric cancers (P = 0.1414 and P = 0.2298, respectively). hTERT: Human telomerase reverse transcriptase; INT: Intestinal-type gastric
cancer, DIF: Diffuse-type gastric cancer.

When the gastric cancers were stratified by
histologic type, the telomere length was significantly
shortened in the diffuse-type (P = 0.0251), but not
the intestinal-type (Figure 4A). When we combined
C/A and A/A genotypes, telomere length and hTERT
mRNA levels were markedly increased in intestinaltype gastric cancers with the C/C genotype (P = 0.0069
and P = 0.0204, respectively) (Figure 4B). However,
these effects of the rs2736100 polymorphism on
hTERT expression and telomere length were not
detected in diffuse-type gastric cancers (P = 0.1414
and P = 0.2298, respectively) (Figure 4C). Therefore,
our findings suggest that the rs2736100 polymorphism
may be involved in telomere length maintenance of
intestinal-type gastric cancer cells. In the future, to
determine the significance of rs2736100 polymorphism
on the differentiation of gastric cancer cells, further
studies on large-scale should be performed.
To identify that rs2736100 polymorphism contribute
to the risk of gastric cancer in the Korean population,

Table 2 Genotype and allele distribution of rs2736100 gene
polymorphism in gastric cancer patients and controls
1

Patients
(n = 243),
n (%)

Controls
(n = 246),
n (%)

Crude OR
(95%CI)

Adjusted OR
(95%CI)

CC
CA

102 (42.0)
107 (44.0)

86 (35.0)
122 (49.6)

AA

34 (14.0)

38 (15.4)

1.00
0.739
(0.502-1.089)
0.754
(0.438-1.300)

1.00
0.741
(0.447-1.228)
0.811
(0.373-1.760)

C:A allele
frequency2
Trend test3

311:175
(0.640)

294:198
(0.598)
P = 0.1501

P = 0.3454

1

Adjusted for age (in year) and sex; 2Two-sided χ 2 test: for allele frequencies,
P = 0.1727; for genotype distribution, P = 0.2797; 3Calculated in the logistic
regression model using the number of A alleles in the genotypes as a
continuous variable.

may be closely associated with hTERT expression and
telomere length in gastric cancers.
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Table 3 Genotype and allele distribution of rs2736100 gene polymorphism in gastric cancer patients according to histopathology
Patients (n = 243)
Age (yr)
≤ 50
> 50
Gender
M
F
Lauren’s
Diffuse
Intestinal

1

Controls (n = 246)

1

Adjusted OR (95%CI)

Adjusted OR (95%CI)

CC

CA

AA

CC

CA

AA

CA vs CC

AA vs CC

14
88

20
87

1
33

72
14

98
24

33
5

1.053 (0.498-2.226)
0.568 (0.272-1.184)

0.229 (0.039-1.351)
1.029 (0.342-3.101)

72
30

77
30

25
9

49
37

63
59

23
15

0.871 (0.452-1.679)
0.582 (0.262-1.293)

1.070 (0.392-2.923)
0.574 (0.162-2.031)

37
65

46
61

15
19

P = 0.5448
(χ 2 test)

1

Adjusted for the other covariates [age (in years) as a continuous variable] presented in this table in a logistic regression model for each stratum.

the development of novel anti-cancer agents. SNP in the second intron of
the hTERT gene, rs2736100, may affect either the expression or telomerase
activity and therefore may be associated with gastric cancer risk. It has been
reported that telomere length in gastric cancers is positively correlated with
hTERT expression and the rs2736100 C allele is associated with long telomere.
The current research hotspot is to identify the significance of the rs2736100
polymorphism in telomere length regulation and genetic susceptibility of an
individual to gastric cancer.

we investigated the genotype and allele frequencies of
rs2736100 polymorphism in tissue specimens from 243
gastric cancer patients and 246 healthy individuals.
Statistically, no differences in the genotype and allele
frequencies of hTERT rs2736100 polymorphism
were observed between the healthy controls and
gastric cancer patients (P = 0.2797 and P = 0.1727,
respectively) (Table 2). When gastric cancers were
stratified according to histological subtype, there was
no significant difference in the risk of intestinal- and
diffuse-type gastric cancer between the carriers with
an A allele (A/C or A/A genotypes) and those with the
C/C genotype (P = 0.0528 and P = 0.6256) (Table 3),
compared with genotypes of healthy controls. Thus, we
conclude that rs2736100 polymorphism of the hTERT
gene may not be associated with susceptibility to the
development and differentiation of gastric cancer in
Korean population.
Although our study had limited statistical power
probably due to their small sample size, while limited,
we showed that the rs2736100 polymorphism of hTERT
significantly affect telomere length and hTERT mRNA
expression in gastric cancer cell lines and tissues.
Unexpectedly, genotype and allele frequencies of the
polymorphism were not associated with susceptibility
to the development and the differentiation of gastric
cancer in the Korean population. Further studies on
large population are strongly necessary to clarify the
biological significances and the exact effects of these
polymorphisms in regulating hTERT expression.

Innovations and breakthroughs

Telomerase activity was frequently increased in most cancer cells. The
rs2736100 polymorphism was closely associated with the hTERT expression
and telomere length in gastric cancer cells and tissues. Treatment with
Gastrokine 1 (GKN1), an inhibitor of telomere elongation, significantly
decreased hTERT mRNA expression. However, rs2736100 polymorphism of
the hTERT gene was not associated with susceptibility to the development and
differentiation of gastric cancer in the Korean population.

Applications

These results suggest that the rs2736100 polymorphism of hTERT can be used
as a potential biomarker for the development of anti-cancer agents regulating
telomere length in gastric cancer cells.

Peer-review

This is a good study in which the authors analyzed the influence of rs2736100
polymorphism on telomere length and gastric cancer risk in the Koreans. The
results are interesting and suggest that the rs2736100 polymorphism of hTERT
could be used as a potential biomarker of telomere length and hTERT mRNA
expression in gastric cancer cells.
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AIM: To elucidate the potential biological role of miR30b in gastric cancer and investigate the underlying
molecular mechanisms of miR-30b to inhibit metastasis
of gastric cancer cells.
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METHODS: The expression of miR-30b was detected
in gastric cancer cell lines and samples by reverse
transcription-polymerase chain reaction. CCK-8 assays
were conducted to explore the impact of miR-30b
overexpression on the proliferation of gastric cancer
cells. Flow cytometry was used to examine the effect of
miR-30b on the apoptosis. Transwell test was used for
the migration and invasion assays. Luciferase reporter
assays and Western blot were employed to validate
regulation of putative target of miR-30b.
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EIF5A2 targets E-cadherin and Vimentin were altered
following transfection of miR-30b mimics.

miRNA expression profile in plasma from gastric
cancer patients is different to that from normal
individuals and may represent an early diagnostic
[7]
biomarker for gastric cancer . Furthermore, miR-15b
and miR-16 could modulate the sensitivity of gastric
cancer cells to chemotherapeutic drugs by regulating
[8]
BCL2 expression . All these suggest that miRNAs
could serve as potential diagnostic biomarkers and
therapeutic tools.
Accumulating evidence describes vital roles for
many miRNAs in tumor initiation and metastasis.
For example, miR-205 and the miR-200 family
[9]
influence the EMT process during cancer metastasis .
Additionally, miR-7 can inhibit the EMT process in
[5]
gastric cancer through targeting IGF1R expression .
In colorectal carcinoma, miR-30b directly targets
the EMT-related gene SIX1 to impair metastasis of
[10]
colorectal cancer cells . Our current study adds to
this knowledge by describing a role for miR-30b in the
repression of gastric cancer cell metastasis.
The mechanisms underlying action of miR-30b
on gastric cancer cell regulation have not yet been
characterized. EIF5A2 functions as an oncogenic
[11]
protein in many human cancers , and we have iden
tified an miR-30b target site in the 3’-untranslated
region (UTR) of EIF5A2 mRNA. Overexpression of
miR-30b reduces levels of EIF5A2 mRNA and protein,
affecting expression of downstream targets of EIF5A2.
To the best of our knowledge, this is the first report of
miR-30b directly targeting EIF5A2 to promote cellular
apoptosis, and suppress proliferation, invasion, and
metastasis of gastric cancer cells.

CONCLUSION: Our findings describe a link between
miR-30b and EIF5A2, which plays an important role in
mediating epithelial-mesenchymal transition.
Key words: miR-30b; Gastric cancer; EIF5A2; Migration;
Invasion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we found that miR-30b expre
ssion was reduced in gastric cancer cell lines and in
gastric cancer tissues. Moreover, we found that miR30b inhibited gastric cancer cell proliferation, migration,
invasion and promoted apoptosis by targeting EIF5A2.
Restoration of miR-30b expression could enhance
E-cadherin and β-catenin expression and suppress
Vimentin expression by targeting EIF5A2 and eventually
inhibit the epithelial-to-mesenchymal transition (EMT)
process in gastric cancer cells, whereas knockdown of
miR-30b promoted cell invasion and EMT in cancer cells.
Tian SB, Yu JC, Liu YQ, Kang WM, Ma ZQ, Ye X, Yan C.
miR-30b suppresses tumor migration and invasion by targeting
EIF5A2 in gastric cancer. World J Gastroenterol 2015;
21(31): 9337-9347 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9337.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9337

INTRODUCTION

MATERIALS AND METHODS

Metastasis to distant sites is the primary cause of
death in patients with gastric cancer. Patients with
advanced disease frequently develop recurrence and
metastasis, even in early gastric cancer, the incidence
[1]
of lymph node metastasis exceeds 10% . However,
the underlying molecular mechanism of metastasis is
not entirely clear. Epithelial-to-mesenchymal transition
(EMT) is a key molecular step during progression of
[2]
gastric cancer to metastasis , and is associated with
[3]
poor prognosis . In this process, epithelial cancer
cells in primary tumors lose cell-cell adhesion following
E-cadherin repression and acquire a mesenchymal
phenotype. This enhances the ability of cancer cells to
metastasize and invade distant locations.
MicroRNAs (miRNAs) are small non-coding RNAs
which negatively regulate gene expression. Various
studies have described functional roles for miRNAs as
oncogenes or tumor-suppressor genes. For example,
miR-199a was found significantly upregulated in
gastric cancer where it mediated an increase in cell
[4]
proliferation and suppressed apoptosis . miR-7 and
miR-9 are important tumor suppressors which target
[5,6]
various genes in gastric cancer . Additionally, the

Gastric cancer tissue specimens

WJG|www.wjgnet.com

Gastric cancer and corresponding non-tumorous
gastric tissue specimens were collected from patients
who underwent surgical resection at Peking Union
Medical College Hospital (Beijing, China). No patients
underwent chemotherapy or radiotherapy before
surgery. A pathological diagnosis of gastric cancer was
verified by at least two pathologists. All samples were
frozen in liquid nitrogen and stored at -80 ℃ until use.

Cell culture and reagents

The human gastric cancer cell lines MKN45, MKN28,
HGC27, and SGC7901, and human embryonic kidney
(HEK) 293T cells were provided by the Cell Center
of the Chinese Academy of Medical Sciences. The
gastric cancer cell lines MGC803, N87, and AGS, and
immortalized gastric mucosa GES-1 cells were from
stores in our institute. HEK 293T cells were cultured
in Dulbecco’s modified Eagle’s medium (Hyclone,
Logan Utah, United States) supplemented with 10%
heat-inactivated fetal bovine serum (FBS; Gibco, CA,
United States). All other cell lines were grown routinely
in RPMI-1640 medium with 10% FBS. All cells were
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cultured at 37 ℃ in a humidified incubator with 5%
CO2.

United States). Forty-eight hours after transfection with
5
miR-30b mimic or inhibitor, 2 × 10 AGS or MGC803
cells in serum-free medium were collected and seeded
in an upper chamber containing a non-Matrigel coated
membrane. Next, 500 μL medium with 20% FBS was
added to the lower chamber. For the invasion assay,
chambers were coated with extracellular Matrigel (BD
Biosciences, United States). Cells were cultured at
37 ℃ in a humidified incubator with 5% CO2. Nonmigrating or non-invading cells in the upper chamber
were removed with a cotton swab and cells that
migrated or invaded to the bottom chamber were fixed
and stained with 0.1% crystal violet. Nine fields at ×
100 magnification were randomly selected and cell
numbers counted. The results were averaged among
three independent experiments.

SYBR green quantitative RT-PCR analysis

Total RNA from tissues and cell lines was extracted
using Trizol Reagent (Invitrogen) according to the
manufacturer’s instructions. RNA was reversetranscribed into cDNA with miRNA PrimeScript RT
Enzyme (Takara, Dalian, China). Real-time RT-PCR
was performed using SYBR Premix Ex Taq Ⅱ (Takara),
using U6 as the internal reference. PCR reactions were
conducted using a 7300 Real-Time PCR system (ABI,
United States) under the following conditions: 95 ℃
for 30 s followed by 40 cycles of 95 ℃ for 5 s, and
60 ℃ for 34 s. DNA primers specific for miR-30b and
U6 small nuclear RNA were purchased from RiboBio
-ΔΔCt
(Guangzhou, China). The 2
method was used to
quantify relative miRNA expression. Experiments were
performed in triplicate.

Plasmid construction and luciferase activity assay

The 751-bp fragment of wild-type (wt) EIF5A23’-UTR containing the putative miR-30b binding
site was synthesized by PCR with the primers
5’-GCGCTCGAGTATTGTAGTCTGTTGGTGCC-3’ (forward)
and 5’-AATGCGGCCGCTTTTCTTAAATCTTTGTTGC-3’
(reverse). This fragment was then inserted between
the XhoI and NotI sites of the luciferase reporter
vector pmiR-RB-REPORT™ (RiboBio). Mutations to
the miR-30b seed sequence within the EIF5A2 3’-UTR
were also generated. Constructs were validated by
DNA sequencing. HEK293T cells were grown in 6-well
plates and transiently co-transfected with 2 μg reporter
plasmid and 50 nmol/L miRNA using Lipofectamine
2000. Twenty-four hours after transfection, luciferase
activity was measured using the Dual-luciferase
Reporter Assay System (Promega, United States).
Firefly luciferase activity was normalized against
the Renilla luciferase activity. Three independent
experiments were performed in triplicate.

Transient transfection with miRNA mimic and inhibitor

Ectopic expression of miR-30b was performed by
transfection with an miR-30b mimic or inhibitor (RiboBio)
using Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s protocol. MiR-30b mimic control
and inhibitor control were also synthesized by RiboBio.
The sequences are as follows: miR-30b mimic,
5’-UGUAAACAUCCUACACUCAGCU-3’ (sense), and
3’-ACAUUUGUAGGAUGUGAGUCGA-5’ (antisense); miR30b inhibitor, 5’-AGCUGAGUGUAGGAUGUUUACA-3’;
miR-30b mimic control, 5’-UCACAACCUCCUAGAAA
GAGUAGA-3’; miR-30b inhibitor control, 5’-UCACAACCU
CCUAGAAAGAGUAGA-3’.

Cellular proliferation assays

Cell proliferation was assessed using the Cell Counting
Kit-8 (CCK-8) (Dojindo) according to manufacturer’
s instructions. Twenty-four hours after transient
transfection of miRNA mimic or inhibitor, cells were
harvested and seeded into 96-well plates at a density
3
of 2 × 10 cells/well. Following incubation of cells for
24, 48, 72, or 96 h, the CCK-8 reagent (10 μL/well)
was added to each well 1 h before the assay. The
number of viable cells was assessed by measurement
of OD450 values.

Western blot analysis

Cells were seeded in 6-well plates and transfected
with miR-30b mimic or inhibitor for 72 h. Cells were
then lysed in RIPA buffer (Genstar, Beijing, China)
with 1% phenylmethylsulfonyl fluoride, and protein
concentrations were determined by BCA assay.
Samples were then denatured and 80 μg total proteins
from each sample separated on a 10% SDS-PAGE gel
and transferred onto PVDF membranes. Membranes
were then blocked in 5% non-fat milk in Tris-buffered
saline with 0.1% Tween-20 and incubated with primary
antibody (rabbit anti-EIF5A2 monoclonal antibody,
1:1000; mouse anti-β-actin monoclonal antibody,
1:1000, Abcam, United States) overnight at 4 ℃. The
next day, membranes were washed and incubated
with appropriate horseradish peroxidase-conjugated
secondary antibodies. Signals were visualized using
enhanced chemiluminescence reagent (Thermo)
according to the manufacturer’s instructions.

Apoptosis analysis

Quantification of apoptosis was conducted using an
Annexin V-FITC Apoptosis Detection Kit (NeoBioscience,
China). Cells were transfected with 50 nmol/L miR-30b
mimic upon reaching 60% confluence in 6-well plates.
Cells were then analyzed using a flow cytometer (BD
Accuri C6).

Cell migration and invasion

Analyses of tumor cell migration and invasion were
carried out using transwell chambers (8 μm Corning,
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Figure 1 Expression levels of miR-30b in gastric tissue samples and gastric cell lines. A: MiR-30b expression was determined in 23 pairs of gastric cancer
tissues compared with corresponding normal tissues by quantitative RT-PCR. Each sample was analyzed in triplicate and normalized to U6. T: tumor tissues; N:
adjacent normal tissues; B: Lower miR-30b expression was observed in gastric cancer cell lines compared to that in GES-1; C: AGS and MGC803 cell proliferation
was determined by the CCK-8 assay. Upregulation of miR-30b by transfection with mimic suppressed cell proliferation. Downregulation of miR-30b by transfection with
inhibitor promoted cell proliferation. Data are displayed as mean ± SD.

Statistical analysis

software (SPSS Inc., Chicago, IL, United States).
Experimental data are presented as mean ± SD.
Differences between two groups were compared using
a Student’s t-test and comparisons amongst three
or more groups were made by analysis of variance.
Differences were considered statistically significant

To identify potential target genes of miR-30b, bio
informatics analysis was performed using an online
miRNA target prediction database (Targetscan and
miRNA.org).
Quantitative data were analyzed using SPSS 18.0
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the growth-inhibitory properties of miR-30b.

Table 1 Relationship between clinicopathological parameters
and miR-30b expression
Clinicopathologic
parameter
Age (yr)
≥ 60
< 60
Gender
Male
Female
Lauren type
Intestinal type
Diffuse type
Lymph node
metastasis
No
Yes

Number of cases

△△CT

2-

(mean)

Re-expression of miR-30b suppresses gastric cancer
cell migration and invasion

P value

AGS and MGC803 cells transfected with 50 nmol/L
miR-30b underwent reduced migration and invasion
compared with control cells. Conversely, we detected
increased migration and invasion in AGS and MGC803
cells transfected with an antisense oligonucleotide
inhibitor of miR-30b (Figure 3). These results indicate
that miR-30b attenuated gastric cancer cell migration
and invasion in vitro.

0.621
8
15

0.2078 ± 0.0285
0.2165 ± 0.0143

16
7

0.1951 ± 0.0198
0.2083 ± 0.0239

11
12

0.2148 ± 0.0316
0.1932 ± 0.0257

0.427

0.371

0.021
9
14

EIF5A2 is a candidate target gene of miR-30b

0.2693 ± 0.0381
0.1651 ± 0.0259

We conducted a bioinformatics analysis to identify
potential targets of miR-30b using the online tools
miRanda and TargetScan. EIF5A2 mRNA was found
to contain a 3’-UTR element complementary to miR30b, and the binding site of miR-30b in the 3’-UTR of
EIF5A2 is highly conserved across species (Figure 4A
and B). Therefore, we cloned the region of the EIF5A2
3’-UTR containing this complementary site into a
luciferase reporter vector. Luciferase activity levels in
HEK293T cells transfected with this construct and miR30b mimic were significantly decreased compared with
control. However, luciferase activity in cells transfected
with reporter constructs harboring mutations at the
suspected miR-30b target site was unaffected by cotransfection with miR-30b (Figure 4C). These results
indicate that the 3’-UTR of EIF5A2 was targeted by
miR-30b.

when p < 0.05.

RESULTS
miR-30b is downregulated in gastric cancer tissues

We used real-time PCR to examine miR-30b ex
pression in human gastric adenocarcinoma and ad
jacent normal tissues. Expression of miR-30b was
significantly decreased in gastric cancer tissue when
compared with paired normal tissue in all 23 samples
examined (P = 0.0016) (Figure 1A). Examining the
relationship between clinicopathological factors and the
expression of miR-30b showed that only lymph node
metastasis was associated with low miR-30 expression
(P = 0.021). No association was found between miR30b expression and age, gender or Lauren type (Table
1). Furthermore, we identified reduced miR-30b
expression in seven gastric cancer cell lines compared
with that in human immortalized gastric mucosa cell
line GES-1 (Figure 1B).

Downregulation of EIF5A2 by miR-30b promotes EMT

Western blot analysis identified significantly higher
expression of EIF5A2 in all seven gastric cancer cell
lines examined compared with GES-1 cells (Figure
4D).
We next examined the influence of miR-30b by
measuring EIF5A2 protein levels following transfection
of AGS and MGC803 cells with miR-30b mimic or
inhibitor. Cells transfected with miR-30b mimic had
significantly lower EIF5A2 protein levels compared
with control (Figure 4E). Furthermore, transfection
of miR-30b mimic led to increased expression of
the epithelial marker E-cadherin and β-catenin and
reduced expression of the mesenchymal marker
Vimentin, whereas silencing miR-30b suppressed
E-cadherin and β-catenin expression, and induced
vimentin expression in cancer cells (Figure 4F). In
addition, transfection with miR-30b mimic or inhibitor
had no effect on the MMP-9 and TIMP-1, indicating
that miR-30b suppressed cancer cell metastasis via
downregulation of EIF5A2. These results suggest
that miR-30b enhances E-cadherin and β-catenin

High expression of miR-30b suppresses gastric cancer
cell proliferation

We next investigated the effects of miR-30b over
expression on cell growth using CCK-8 assay and
synthetic miR-30b mimic or inhibitor that were
transfected into AGS and MGC803 cell lines. Over
expression of miR-30b suppressed AGS and MGC803
cell growth, whereas miR-30b inhibitor enhanced
gastric cancer cell proliferation (Figure 1C).

miR-30b overexpression can induce gastric cancer cell
apoptosis

We used flow cytometry to identify increased apoptosis
in AGS and MGC803 cancer cells transfected with miR30b mimic compared with control cells (P < 0.05,
Figure 2). This suggests that apoptosis contributed to
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Figure 2 Effect of miR-30b on cell apoptosis. The histograms depict apoptosis of AGS cells and MGC803 cells transiently transfected with miR-30 mimic or control.
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Figure 4 miR-30b decreases eukaryotic translation initiation factor 5A2 expression by targeting its 3’-UTR. A: The binding site of miR-30b in the 3’-UTR of
eukaryotic translation initiation factor 5A2 (EIF5A2) is highly conserved across species; B: The putative binding sites for miR-30b was found in the 3’-UTR of EIF5A2
at 3664-3671bp; C: miR-30b mimic downregulated luciferase activities controlled by wild-type 3’-UTR of EIF5A2, but did not affect luciferase activity controlled by
mutant 3’-UTR of EIF5A2; D: The expression levels of EIF5A2 protein in different gastric cell lines; E: The expression levels of EIF5A2 and of its downstream genes
were detected by Western blot analysis in AGS and MGC803 cells transfected with the miR-30b mimic or control for 48 h. β-actin was used as an internal control; F:
Western blot analysis of EIF5A2 and its downstream genes transfection of miR-30b inhibitor in AGS and MGC803 cells.
[20]

may result from miR-30b promoter methylation .
Taken together, these findings indicate that miR-30b
can act as either an oncogene or a tumor suppressor
depending on the circumstance.
We have identified low expression of miR-30b in
gastric cancer specimens compared with adjacent noncancerous tissues using real-time PCR-based miRNA
assays. At the cellular level, miR-30b overexpression
inhibited cancer cell proliferation, promoted cellular
apoptosis, and decreased cancer cell migration and
invasion. Additionally, gastric cancer cells transfected
with miR-30b inhibitor exhibited increased growth,
migration, and invasion compared with controls. Taken
together, these data suggest that miR-30b plays a
tumor suppressor role in gastric cancer.
A multiple-to-multiple relationship exists between
miRNAs and their targets in gastric cancer, suggesting
[21]
that their regulation is complex . Members of the
miR-30 family exert various effects in tumors from
different tissues. In multiple myeloma, miR-30
family members are downregulated, which results
in enhanced expression of BCL9 and subsequent
[22]
promotion of tumor cell proliferation and migration .

expression by targeting EIF5A2 and eventually inhibits
the EMT process in gastric cancer cells.

DISCUSSION
Increased expression of miR-30b has been identified
in multiple malignancies including parathyroid
[12]
[13]
carcinoma , medulloblastoma , and oral squamous
[14]
cell cancer . These findings support a role for miR30b as an oncogene in these tumors. However, miR30b may also function as a tumor suppressor. Reduced
expression of miR-30b has been found in various
[10,15]
human cancers, including colorectal cancer
, non[16]
[17]
small cell lung cancer , and prostate cancer .
These studies found that miR-30b could inhibit
cancer cell proliferation and/or suppress cancer cell
[18]
invasion and migration. Additionally, Ueda et al
found that miR-30b was significantly downregulated
in 184 gastric cancers compared with 169 non-tumor
mucosa samples. Moreover, restoration of miR-30b
expression can inhibit gastric cancer cell migration
[19,20]
and increase gastric cancer cell apoptosis
. This
decreased expression of miR-30b in gastric cancer
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Recently, two studies investigating the role of miR-30b
in colorectal carcinoma development have identified
that the oncogenes KRAS, PIK3CD, BCL9, and the
[10,15]
EMT-related gene SIX1 are all targets of miR-30b
.
Moreover, miR-30b expression in clinical samples was
inversely correlated with the above genes. Additionally,
[16]
Zhong et al
have reported that miR-30b is involved
in non-small cell lung cancer carcinogenesis through
downregulating the Ras superfamily member Rab18.
Last, miR-30b inhibits expression of plasminogen
activator inhibitor (PAI-1) in gastric cancer, thereby
[19]
suppressing tumor growth . So, more targets of miR30b should be validated to investigate its function in
gastric cancer.
The loss of miR-30b expression influences gastric
cancer metastasis through altered regulation of
miR-30b target gene expression. We employed a
bioinformatics approach and luciferase reporter assay
to identify EIF5A2 as a critical novel target of miR30b. Western blot analysis revealed that miR-30b
overexpression resulted in upregulation of E-cadherin
and β-catenin and downregulation of Vimentin,
demonstrating that miR-30b could suppress EMT in
gastric cancer. However, no change was observed of
MMP-9 and TIMP-1 levels after transfection with miR30b mimic or inhibitor in cancer cells. These results
indicated that miR-30b inhibits gastric cancer cell
invasion and migration not through the MMP-9 or
TIMP-1.
EFI5A2 is a potentially important tumor promoting
molecule. Several studies have described an onco
genic role for EIF5A2 in multiple tumor types,
[23]
including esophageal squamous cell carcinoma ,
[24]
[25]
hepatocellular carcinoma , bladder carcinoma ,
[26]
[27]
ovarian carcinoma , and colorectal carcinoma .
Additionally, EIF5A2 overexpression can initiate
tumor formation, promote cancer cell growth, and
contribute to cancer cell metastasis. Furthermore,
high levels of EIF5A2 indicate a more advanced clinical
[26]
[28]
stage in ovarian
and hepatocellular carcinomas .
[24]
Tang et al
found that EIF5A2 could induce EMT in
hepatocellular carcinoma by activating RhoA/Rac1 and
downregulating epithelial markers including E-cadherin
and β-catenin. Overexpression of EIF5A2 can also
promote EMT by regulating MTA1 through c-myc
[29]
in human colorectal carcinoma . In our previous
study, we found that EIF5A2 was overexpressed in
gastric cancer compared with matched adjacent non[30]
tumor mucosal tissues . Meanwhile, knockdown
of EIF5A2 can suppress MKN28 and HGC27 cell
proliferation, migration, and invasion by inhibiting EMT,
and E-cadherin levels were upregulated and vimentin
levels were downregulated after transfection with
[30,31]
EIF5A2 siRNA
. Together, these findings support an
oncogenic role for EIF5A2.
To the best of our knowledge, this is the first
report that miR-30b directly regulates EIF5A2. miR30b has a functional role in suppressing gastric

WJG|www.wjgnet.com

cancer metastasis by impairing cellular migration and
invasion. Downregulation of EIF5A2 by miR-30b could
increase E-cadherin and β-catenin levels and reduce
Vimentin expression. However, it should be noted
that this study is based on a small number of samples
and no experiments in relevant animal models were
conducted. Therefore, future studies are necessary
to elaborate upon our current findings. Overall, this
report sheds new light on the role of miR-30b in gastric
cancer development, and supports the targeting of
miR-30b as a potentially effective therapeutic strategy
for gastric cancer in the future.
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Background

Gastric cancer is one of the leading causes of cancer-related death worldwide.
MicroRNAs (miRNAs) play an important role in gastric cancer carcinogenesis
and tumor progression by negatively regulating oncogenes and tumor
suppressors. However, the precise biological role of miRNAs in mediating
metastasis remains relatively unexplored.

Research frontiers

MicroRNAs (miRNAs) are small non-coding RNAs which negatively regulate
gene expression. Various studies have described functional roles for miRNAs
as oncogenes or tumor-suppressor genes. Accumulating evidence describes
vital roles for many miRNAs in tumor initiation and metastasis. For example,
miR-7 can inhibit the epithelial-mesenchymal transition (EMT) process in gastric
cancer through targeting IGF1R expression. In colorectal carcinoma, miR-30b
directly targets the EMT-related gene SIX1 to impair metastasis of colorectal
cancer cells. However, the role of miR-30b in gastric cancer progression and
metastasis is still largely unknown and the molecular mechanism needs further
exploration.

Innovations and breakthroughs

The authors found that miR-30b is downregulated in gastric cancer tissues and
cancer cell lines and functions as a tumor suppressor. Overexpression of miR30b can promote cell apoptosis, and suppress proliferation, migration, and
invasion of the gastric cancer cell lines AGS and MGC803. Luciferase reporter
assays and Western blot analysis confirmed the EIF5A2 gene as a target of
miR-30b. Moreover, miR-30b enhances E-cadherin and β-catenin expression
by targeting EIF5A2 and eventually inhibits the EMT process in gastric cancer
cells, thus providing a valuable target for cancer therapy.

Applications

In this study, the authors found that miR-30b is significantly downregulated in
gastric cancer tissues and cell lines. Increased miR-30b expression reduced
cancer cell migration and invasion, and promoted cell apoptosis. They also
found that suppression of EIF5A2 by miR-30b increased E-cadherin expression
and partially reversed the EMT. All these provide insight into the specific role of
miR-30b in EMT and tumor metastasis. The authors propose that miR-30b may
be a novel target for the treatment of gastric cancer.

Terminology

MicroRNAs (miRNAs) are a novel class of small, non-coding endogenous
RNAs that regulate gene expression by directing their target mRNAs for
degradation or translational repression. EMT is a biological process during
tumor development by which epithelial cells acquire mesenchymal, fibroblastlike properties and show reduced intercellular adhesion and increased motility.
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Abstract

Institutional review board statement: The study was
reviewed and approved by the Ethics Committee of Sun Yat-sen
Memorial Hospital.

AIM: To detect linc00675 expression in pancreatic
ductal adenocarcinoma (PDAC), to analyze the rela
tionship between the expression level of linc00675
and the clinical pathological characteristics, to explore
the biological functions of linc00675, and to determine
whether linc00675 has independent prognostic value in
PDAC.

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

METHODS: We studied linc00675 expression among
eight histologically confirmed PDAC tissue samples
and four chronic pancreatitis tissue samples through
microarray screening. RT-qPCR was conducted to
further investigate linc00675 expression in PDAC cell
lines as well as archived tissues from a large cohort
of PDAC patients. The correlations between the level
of lnc00675 and clinicopathological characteristics
and survival in patients with pancreatic cancer were
evaluated using Correlation analysis. Univariate and

Data sharing statement: The technical appendix, statistical
code, and dataset are available from the corresponding author
at liuyimin_sysu@163.com. Consent was not obtained but the
presented data are anonymized and the risk of identification is
low.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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multivariate analyses were conducted to predict
whether lnc00675 expression is an independent pro
gnostic and recurrence factor in patients with pan
creatic cancer. After downregulating the expression of
linc00675 through siRNA, MTT assay, flow cytometry,
transwell assay and Western blot were used to explore
the biological function of linc00675 in proliferation,
invasion, and cell cycle progression of pancreatic
cancer cells. The relative molecular expression levels
of epithelial-mesenchymal transition were determined
by reverse transcription-polymerase chain reaction
(RT-PCR) and Western blot.

URL: http://www.wjgnet.com/1007-9327/full/v21/i31/9348.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i31.9348

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) that
originates in the glandular epithelium accounts for
approximately 90% of all pancreatic tumors and
[1]
exhibits a high grade of malignancy . PDAC patients
have an extremely poor prognosis, with a 5-year
survival rate of approximately 6%. Even in patients
who undergo surgical resection, the disease commonly
recurs and the 5-year survival rate remains low at
[2]
15%-25% . This dismal prognosis is due to the
aggressive nature of this disease, and its resistance
to traditional therapeutic strategies. Therefore, the
development of an effective treatment for PDAC
requires further research to reveal the molecular
mechanisms underlying its aggressive pathogenesis.
Long noncoding RNAs (lncRNAs) are RNA molecules
over 200 nucleotides in length with little protein-coding
potential. Long intergenic noncoding RNAs (lincRNAs)
have transcription loci that fall between two proteincoding genes and function to regulate gene expression
at various levels, including transcription, epigenetic
[3-7]
regulation and post-transcriptional processing
.
Accumulating evidence suggests that deregulation
of lincRNAs may contribute to many types of human
[8,9]
diseases, including cancer . Moreover, they play
critical roles in cancer initiation, progression and
[10-12]
metastasis
. LincRNA expression signatures have
been associated with patient survival and may be
useful in the patient management and the design
[13]
of anticancer treatments . Several lincRNAs have
been implicated in tumorigenesis. However, the
biological functions and prognostic value of lincRNAs
in pancreatic cancer remain largely unexplored.
Thus, there is an urgent need to identify the etiology
and biological function of lincRNAs that may serve
as markers of diagnosis and prognosis in PDAC to
improve survival in this disease.
In the present study, based on microarray analysis,
we focused on a long intergenic noncoding RNA named
linc00675 that showed 672-fold upregulation in PDAC
compared with normal pancreatic tissues. Building
on this finding, we determined the significance of
linc00675 in PDAC by investigating the relationship
between aberrantly expressed linc00675 and patients’
clinicopathological features, as well as performing
further in vitro study of PDAC cell lines. We found
that upregulation of linc00675 was associated with
short survival. In addition to affecting the cell cycle,
overexpression of linc00675 could therefore promote
cancer cell proliferation, migration and invasion. Thus,
our study revealed that linc00675 is a promising
prognostic biomarker in pancreatic cancer, and could
be useful in pancreatic cancer risk assessment and

RESULTS: The expression of Linc00675 in PDAC tissue
samples was shown to be 672 times that in chronic
pancreatitis tissue samples by microarray screening (P
-5
= 3.69 × 10 ). This finding was confirmed in tumor
tissues from 90 patients with PDAC compared with
adjacent normal tissue samples by quantitative RTPCR. We found that linc00675 overexpression positively
correlated with lymph node metastasis (P = 0.005),
perineural invasion (P = 0.006), and poor survival (P
< 0.001). Univariate and multivariate analyses showed
that linc00675 expression served as an independent
predictor of overall survival (P = 0.009). Additionally,
receiver operating characteristic curve analysis showed
that high linc00675 might serve as a predictor of tumor
progression within 6 mo to a year after surgery. In
vitro functional analysis demonstrated that knockdown
of linc00675 attenuated pancreatic cancer cell pro
liferation and invasion as well as induced S phase
arrest. Suppression of linc00675 in pancreatic cancer
cells resulted can reverse the progress of epithelialmesenchymal transition.
CONCLUSION: L i n c 0 0 6 7 5 m ay fu n c t i o n a s a n
oncogene during PDAC development, and its expre
ssion is an independent predictor of unfavorable
prognosis in patients with PDAC.
Key words: Linc00675; Long noncoding RNAs; Pro
gnosis biomarker; Pancreatic cancer; Epithelial-mesen
chymal transition
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study to report that linc00675
is more highly expressed in pancreatic ductal ade
nocarcinoma (PDAC) tissues than in adjacent normal
tissues. Overexpression of linc00675 in PDAC tissues
positively correlated with short survival and tumor
progression. The prominent finding in this study is that
linc00675 is an independent prognostic marker for
predicting the survival of PDAC patients after surgery.
Li DD, Fu ZQ, Lin Q, Zhou Y, Zhou QB, Li ZH, Tan LP, Chen
RF, Liu YM. Linc00675 is a novel marker of short survival and
recurrence in patients with pancreatic ductal adenocarcinoma.
World J Gastroenterol 2015; 21(31): 9348-9357 Available from:
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After being washed, the slides were scanned using
an Agilent Microarray Scanner. The raw data were
extracted with the Feature Extraction software
(Agilent Technology). This software utilizes the robust
multiarray average algorithm to adjust the background
signals. Normalized data were obtained using the
quantile method of intra-microarray normalization and
median method of baseline transformation between the
microarrays. Differentially expressed genes with a raw
expression level of over 400 in more than 4 of the 12
samples used for profiling were extracted. Then they
were ordered by P value. The 10 most significantly
de-regulated genes (those with the smallest P values)
were selected for validation. We also computed the
maximum false discovery rate based on a single geneprobe P value threshold of 0.05. We considered as
significant signatures with a false discovery rate ≤
0.1. The microarray platform and data were submitted
to the Gene Expression Omnibus public database at
the National Center for Biotechnology Information
(accession number: GSE61166, http://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE61166).
Real-time quantitative PCR (RT-qPCR) was per
formed for linc00675 and EMT marker (E-cadherin,
N-cadherin, and Vimentin) mRNAs, with β-actin as an
internal control. The total RNA was then converted to
cDNA by reverse-transcription using oligodT primers
and SuperScript Ⅱ reverse transcriptase (Invitrogen).
Quantitative PCR was performed with SYBR green
master mix (Roche). Relative expression values
were calculated (ΔΔCT method) using β-actin as a
normalizer. The primer sequences used in the study
are listed in Supplementary Table 1.

Table 1 Correlation between linc00675 expression and
clinical characteristics
Factor

Linc00675 expression

Age (yr)
< 60
≥ 60
Sex
Male
Female
Differentiation
Well
Moderate
Poor
UICC stage
pⅠ
pⅡ
T stage
T1
T2
T3
N stage
N0
N1
Perineural invasion
Negative
Positive

P value1

High (n = 45)

Low (n = 45)

22
23

23
22

0.833

30
15

27
18

0.512

16
15
14

17
20
8

0.304

9
36

15
30

0.153

6
16
23

9
15
21

0.697

12
33

25
20

0.005

17
28

30
15

0.006

1

Pearson χ 2 test.

future therapeutic targeting.

MATERIALS AND METHODS
Patients and tissue samples

Samples of fresh frozen cancer tissues, together with
normal adjacent tissues, were obtained during surgical
resection from Sun Yat-sen Memorial Hospital of Sun
Yat-sen University. Informed consent was obtained from
the patients before sample collection, and approved
by the hospital’s Ethics Review Committee. All samples
were confirmed by pathological examination.

RNA interference

siRNA oligos targeting linc00675 (CTGATGGAGG
AGAATCAATT, GTCCGAGAATGGCT GTGATT, and
GTTCCAGACTCCATCACAATT), and nontargeting
siRNAs (UUCUCCGAACGUG UCACGUTT) were pur
chased from Sigma Aldrich. siRNA transfections were
done with 80 nmol/L siRNA and Lipofectamine 2000
(Life Technologies) following the manufacturer’s
instructions.

Cell culture

The human pancreatic cancer cell lines PANC1,
Capan2, BXPC-3, Mia PaCa2, SW1990, and immor
talized human pancreatic ductal epithelial cells (HPDE6)
were purchased from the American Type Culture
Collection and grown in complete growth medium
with 10% FBS and 1% penicillin/streptomycin as
recommended by the manufacturer. All the cells were
cultured in a humidified 5% CO2 incubator at 37 ℃.

Cell growth assay, cell cycle analysis, and invasion
assay
3

After transfection, 2 × 10 cells (SW1990 or Mia
PaCa-2) were plated in 96-well plates. A cell prolife
ration reagent kit (Roche) was used to assess cell
proliferation. Transfected cells were assessed every
24 h according to the manufacturer’s instructions. For
cell cycle analysis, transfected cells were collected,
washed in PBS, stained with propidium oxide using the
Cell Cycle Analysis Kit (Beyotime, Haimen, China), and
then subjected to FACS analysis. In vitro cell invasion
assay was performed using the BD BioCoat™ Matrigel
™ Invasion Chamber (Becton Dickinson) according
4
to manufacturer’s instructions, with 3 × 10 cells

RNA isolation, microarrays, and quantitative reverse
transcription-PCR

Total mRNA was extracted, purified using the mRNATM
ONLY Eukaryotic mRNA Isolation Kit (Epicentre,
Madison, CA). Total RNA was fragmented and then
labeled (One-Color, Cy3, Agilent). After purification,
the labeled RNA was hybridized to probes on the
Hybridization Chamber gasket slides (Agilent).
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seeded in the upper chamber. At least three biological
replicates of the experiments were performed.

large cohort of PDAC tissues. As shown in Figure 1B
and 1C, RT-qPCR revealed that expression of linc00675
was significantly higher in tumor tissues compared
with matched adjacent non-tumor tissues (P < 0.001).
We also found that the expression of linc00675 in
each PDAC cell line was significantly higher than in the
HPDE6 cell line (Figure 1D).

Western blot analysis

Cells were washed in PBS and lysed with RIPA buffer
(Invitrogen, Carlsbad, CA, United States), and a
bicinchoninic acid protein assay kit (Pierce) was used
to calculate the protein concentration of each sample.
Equivalent amounts of proteins were separated by
SDS-PAGE and transferred to polyvinylidene fluoride
membranes for immunoblotting. The membranes
were blocked in 5% fat-free milk for 1 h at room
temperature, then incubated with the following
primary antibodies: anti-CyclinA, anti-CyclinE, antiCyclin D1, anti-CDK2 and anti-β-actin (Abcam,
Cambridge, MA); anti-Vimentin, Anti-E-cadherin, antiN-cadherin, and anti-GAPDH (Pro-teinTech Group,
Chicago, IL, United States). GAPDH was used as a
loading control. Horseradish peroxidase-conjugated
secondary antibodies (Cell Signaling Technology) and
an ECL chemiluminescence kit (Pierce) were used to
detect bound antibody.

Association between linc00675 expression and overall
survival of PDAC patients

We assessed the correlation between linc00675
expression and clinical characteristics using expression
levels obtained from qRT-PCR data of a cohort of
90 patients (Figure 1B). We found that linc00675
expression level was significantly associated with both
lymph node metastasis (P = 0.005) and perineural
invasion (P = 0.006) (Table 1). Log-rank analysis
demonstrated that overall survival was significantly
worse in patients with higher linc00675 expression
(P < 0.001) (Figure 2A and B). Further multivariate
analysis confirmed that linc00675 expression level was
an independent prognostic indicator for overall survival
of patients with PDAC (P = 0.009) (Table 2).

Statistical analysis

Linc00675 is a potential biomarker for predicting
recurrence in PDAC patients

Statistical analyses were performed using SPSS
Statistics 17.0 (SPSS Inc). All in vitro experiment
quantitative data are presented as the mean ± SD
from at least three independent experiments, unless
otherwise noted. The differences between two groups
were analyzed using a Student’s t-test. The correlation
between linc00675 and clinical and pathological
2
characteristics was assessed using Pearson’s χ
test. Survival was evaluated using the KaplanMeier method. Cox proportional hazard analysis was
performed to calculate the hazard ratio and 95%
confidence interval (CI) to evaluate the association
between linc00675 and other clinicopathologic factors
and survival. All tests performed were two-sided.
Differences were considered statistically significant if P
< 0.05.

Because linc00675 showed a significant correlation
with lymph node metastasis and perineural invasion,
we went on to assess the value of linc00675 in pre
dicting tumor progression after surgery and conducted
a ROC (Receiver Operating Characteristic) curve
analysis. Results showed that for predicting tumor
progression within one year, the area under the ROC
curve was 0.893 (P < 0.0001, Figure 2C); and for
predicting progression within six months, the area
under the ROC curve was 0.928 (P < 0.0001, Figure
2D). These findings suggested that linc00675 has
potential diagnostic value in predicting recurrence in
PDAC patients after radical surgical resection.

Linc00675 regulates proliferation of pancreatic cancer
cells

RESULTS

To further examine whether linc00675 functions in
pancreatic cancer progression, in vitro studies were
conducted. We knocked down linc00675 expression in
SW1990 and MIA PaCa-2 cells using small interfering
RNAs; the most effective siRNA that showed more
than 70% knockout efficiency was selected for the
following test (Figure 3A). Linc00675 depletion
resulted in decreased tumor cell proliferation in
both the pancreatic cancer cell lines SW1990 and
MIA PaCa-2, as determined by MTT assay (Figure
3B). Further flow cytometry analysis showed that
linc00675 knockdown induced S phase arrest in both
SW1990 and MIA PaCa-2 cells (Figure 3C and D). The
expression of Cyclin E, CyclinA, Cyclin D1 and CDK2,
which are markers of S phase arrest, was analyzed by
Western blot. In both linc00675 knockdown-treated

Linc00675 is aberrantly overexpressed in human PDAC
cell lines and cancerous tissues

We conducted an analysis of tissues from eight PDAC
cases and four cases of chronic pancreatitis (CP) using
a microarray targeting 7419 lncRNAs (Agilent). We
discovered that the expression of the long intergenic
noncoding RNA linc00675 (LOC100289255) in PDAC
tissues was 672 times that in CP tissues (P = 3.69 ×
-5
10 , Figure 1A). The hybridization signals of another
three long noncoding RNAs, HULC, MALAT1, and
HOTAIR, which have previously been reported to be
upregulated in pancreatic cancer, are also shown in
Figure 1A. The expression of linc00675 had the most
obvious difference. Next, we investigated whether
linc00675 was upregulated in PDAC cell lines and a
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Figure 1 Expression of linc00675 in human pancreatic ductal adenocarcinoma cell lines and cancerous tissues. A: Heat map showing linc00675, HULC,
MALAT1, and HOTAIR expression in the microarray analysis. The rectangular indicates the hybridization signal (replicate probes) of linc00675 in pancreatic ductal
adenocarcinoma (PDAC) and chronic pancreatitis (CP) tissues; B: Quantitative real time-polymerase chain reaction analysis of linc00675 expression level in 90
cases of PDAC tissues. GAPDH was used as an internal control; C: The boxes represent the distribution of linc00675 expression from the 25th to 75th percentiles of all
patient samples with the horizontal lines showing the median levels of linc00675, cP < 0.001, tumor vs para-tumor, Student’s t-test; D: Relative abundance of linc00675
in multiple pancreatic cancer cell lines. Data are represented as the mean ± SD from three independent experiments, bP < 0.01, cP < 0.001, the corresponding
pancreatic cancer cell line vs HPDE6, Student’s t-test.

reduced expression of linc00675 in PDAC cell lines.

Table 2 Multivariate analysis of clinicopathological factors
for overall survival
Variable

Univariate

T stage
N stage
Perineural invasion
Linc00675 expression

Linc00675 regulates invasion ability and expression
of epithelial-mesenchymal transition-related genes in
pancreatic cancer cells

Multivariate

P value

HR

95%CI

P value

0.031
0.026
0.016
0.013

1.812
2.016
2.611
4.620

1.008-3.258
1.112-3.657
1.246-5.471
1.233-4.336

0.047
0.021
0.011
0.009

Cell invasiveness is closely correlated with cancer
metastasis. We therefore examined whether linc00675
knockdown affects invasiveness of pancreatic cancer
cells. A Matrigel invasion assay showed that linc00675
knockdown significantly inhibited invasiveness of
SW1990 and MIA PaCa-2 cells (Figure 4A). Since
EMT is closely related to cell invasiveness, we also
examined whether the suppression of linc00675
can affect the expression of epithelial-mesenchymal
transition (EMT)-related genes. Both PCR (Figure 4B)
and Western blot analyses (Figure 4C) showed that
suppression of linc00675 in pancreatic cells resulted
in decreased expression of mesenchymal markers

HR: Hazard ratio.

SW1990 and Miapaca-2 cells, Cyclin E and Cyclin
A, which are responsible for G1/S transition and S
phase progression, respectively, were significantly
upregulated, whereas the levels of Cyclin D1 and
CDK2, which are suppressed in the S phase, were
found to be significantly reduced (Figure 3E). The
latter findings are consistent with S phase arrest via
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N-cadherin and vimentin, and upregulation of epithelial
marker E-cadherin.

level in tumor tissue had a very poor outcome.
Importantly, this subset of patients showed a higher
recurrence rate with increased linc00675 expression.
By ROC curve analysis, the AUC using linc00675 as a
predictor for tumor recurrence was around 0.9, which
is higher than that reported for most prognostic tumor
markers, such as CA19-9. Linc00675 may therefore
prove to be a more useful prognostic factor in PDAC
patients than biomarkers reported to date.
The prognostic value of linc00675 in patients with
PDAC is supported by functional experiments. We
modulated its expression in SW1990 and Miacapa-2
cell lines and found that suppression of linc00675 could
reduce cell proliferation and invasion ability, which
was consistent with clinical findings. Interestingly,
we found that knockdown of linc00675 resulted in S
phase arrest in pancreatic cancer cells. Gemcitabine, a
chemotherapy agent, exerts its cytotoxic effect mainly
by targeting tumor cells in S phase, which remains
a standard therapy in PDAC patients. Some tumor
suppressor genes and molecules were identified to
increase gemcitabine sensitivity in pancreatic cancer
[25]
cells through S-phase arrest . Because the patients
analyzed in this study were receiving gemcitabinebased chemotherapy after surgery, and linc00675
showed S phase arrest in pancreatic cancer cells, it will
be interesting to explore whether linc00675 contributes
to increased gemcitabine sensitivity.
In summary, we found strong expression of
linc00675 in patients with PDAC, and suggest that
linc00675 may serve as an oncogenic lincRNA that
promotes pancreatic cancer cell growth and pro
gression. Further study is required to completely
define the function of linc00675, its utility in guiding
patient management and its potential as a therapeutic
target.

DISCUSSION
To our knowledge, the findings of the present study
provide the first evidence of the potential clinical
utility of linc00675 expression as a prognostic factor
in PDAC, and support a role for this lncRNA in cancer
cell behavior. We showed that linc00675 is frequently
highly expressed in PDAC tissues as well as in PDAC
cell lines, and its overexpression positively correlates
with lymph node metastasis, perineural invasion and
poor prognosis in PDAC patients, suggesting that
linc00675 might to be a useful biomarker. Supporting
this observation, functional studies revealed a strong
correlation between linc00675 level and malignant
behavior of pancreatic carcinoma cells.
LncRNAs are non-protein coding transcripts
longer than 200 nucleotides which can regulate gene
transcription indirectly through the targeting and
recruitment of chromatin-modifying complexes as well
as directly at the transcriptional or posttranscriptional
[14,15]
levels
. An increasing number of studies have
revealed that lncRNAs have important functions
and implicated them in a wide range of diseases.
Moreover, lncRNA biology is attracting great attention
in cancer research because dysregulated lncRNAs
occur in a variety of cancers, including pancreatic
[10,16]
cancer
. Recently, several lncRNAs have been
identified as oncogenes or tumor suppressors during
cancer progression. In pancreatic cancer, the lncRNA
[17]
[18]
[19]
HOTAIR , MALAT1 and HULC have been found to
be associated with either clinical characteristics of PDAC
patients or cancer cell behavior. Abnormally expressed
lncRNAs may play a causal role in pancreatic cancer
initiation, development and progression by regulating
[20-22]
cell proliferation, migration, invasion, and EMT
.
However, research investigating functional lncRNAs in
PDAC is still limited. In this study, based on microarray
screening, we found that linc00675 expression in PDAC
tissues was 672 times that in CP tissues. Notably, the
level of linc00675 in pancreatic cancer tissues was
markedly higher than other lncRNAs already found to
recurrently upregulated and of potential prognostic
use, further supporting the value of linc00675 as a
biomarker and therapeutic target.
Identification of biomarkers that accurately predict
survival, disease recurrence and response to chemo
therapy would help to assess individual risk and
treatment selection. Besides protein coding genes,
noncoding RNAs have also been shown to possess
potential diagnostic and prognostic value. Efforts have
been made to identify molecular predictive factors for
lymph node metastasis, perineural invasion, and the
[23,24]
survival of cancer patients
. Here we found that
linc00675 expression correlated with the prognosis of
PDAC patients. PDAC patients with a high linc00675
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compared with adjacent normal tissue. The overexpression of linc00675
positively correlates with poor survival and short-term recurrence in patients
with PDAC and in functional experiments was shown to promote pancreatic
cancer cell growth and progression.

12

Applications

This study showed that the linc00675 expression level may be useful as a
predictor of prognosis in pancreatic cancer.
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Terminology

Linc00675 serves as an oncogenic lincRNA that promotes pancreatic cancer
cell growth and progression. Since linc00675 is associated with the malignancy
phenotypes of pancreatic cancer, further study is required to determine the
potential roles of linc00675 as a candidate therapeutic target.
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and clinical impact of linc00675 in pancreatic ductal adenocarcinoma.
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Abstract
AIM: To examine the effect of aqueous fructus aurantii
immaturus (FAI) extracts on the intestinal plexus of
cathartic colons.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Zhejiang
Chinese Medical University.

METHODS: Cathartic colons were induced in rats
with dahuang, a laxative used in traditional Chinese
medicine. Once the model was established (after
approximately 12 wk), rats were administered mosa
pride (1.54 mg/kg) or various doses of aqueous FAI
extracts (1-4 g/kg) for 14 d. Transit function was
assessed using an ink propulsion test. Rats were then
sacrificed, and the ultramicrostructure of colonic tissue
was examined using transmission electron microscopy.
The expression of the 5-hydroxytryptamine receptor
4 (5-HTR4) and neurofilament-H was assessed in
colon tissues using real-time PCR, Western blot, and
immunohistochemistry.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of Zhejiang
Chinese Medical University.
Conflict-of-interest statement: All the authors declare that they
have no conﬂicts of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Mosapride and high dose (4 g/kg) of
aqueous FAI extracts significantly improved the bowel
movement in cathartic colons compared to untreated
model colons as measured by the intestinal transit rate
(70.06 ± 7.25 and 72.02 ± 8.74, respectively, vs 64.12
± 5.19; P < 0.05 for both). Compared to controls, the
ultramicrostructure of cathartic colons showed signs
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Department of Gastroenterology, The First Affiliated Hospital
of Zhejiang Chinese Medical University, No. 54, Youdian Road,
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of neural degeneration. Treatment with mosapride
and aqueous FAI extracts resulted in recovery of
ultrastructural pathology. Treatment with mosapride
alone upregulated the gene and protein expression
of 5-HTR4 compared to untreated controls (P < 0.05
for both). Treatment with aqueous FAI extracts (≥ 2
g/kg) increased 5-HTR4 mRNA levels (P < 0.05), but
no change in protein level was observed by Western
blot or immunohistochemistry. The mRNA and protein
levels of neurofilament-H were significantly increased
with mosapride and ≥ 2 g/kg aqueous FAI extracts
compared to controls (P < 0.05 for all).

Mosapride is an agonist of 5-hydroxytryptamine
receptor 4 (5-HTR4), and is widely used to treat
constipation. It activates cholinergic neurons in the
intestinal myenteric plexus to strengthen the movement
[5]
of the digestive tract . However, the traditional Chinese
medicine fructus aurantii immaturus (FAI) has also
been used to treat gastrointestinal diseases. Aqueous
extracts of FAI, obtained from Citrus aurantium L. or C.
sinensis Osbeck, have also been shown to strengthen
[6-8]
the movement of the gastrointestinal tract
. The
mechanism of action is not understood, but is thought
to involve stimulation of substance P secretion
[9]
from the nerve plexus , or activation of muscarinic
[6]
[10]
acetylcholine and histamine
receptors. It is not
known whether aqueous FAI extracts also act on
5-HTR4.
The aim of the present study was to investigate
the effects of aqueous FAI extracts in comparison to
mosapride, and to evaluate the mechanism of action.
To this end, a cathartic colon rat model was treated
with mosapride and various doses of aqueous FAI
extracts. The expression levels of 5-HTR4 and the
structural protein neurofilament-H (NF-H) were then
examined in the myenteric plexus of the intestinal
wall.

CONCLUSION: Aqueous FAI extracts and mosapride
strengthen bowel movement in cathartic colons
via increasing the expression of 5-HTR4 and neuro
filament-H.
Key words: Fructus aurantii immaturus; Aqueous ex
tracts; Cathartic colon; 5-HTR4; Neurofilament; My
enteric plexus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bowel movements in cathartic colon can be
strengthened with mosapride. However, recent studies
show that aqueous fructus aurantii immaturus (FAI)
extracts, a traditional Chinese medicine, can also
strengthen bowel movement, and are widely used to
treat gastrointestinal symptoms. The aim of this study
was to identify the mechanism by which aqueous
FAI extracts exert these effects. In a rat model of
cathartic colons, treatment with mosapride and aqueous
FAI extracts improved the intestinal transit rate, and
increased the expression of 5-hydroxytryptamine receptor
4 and neurofilament-H.

MATERIALS AND METHODS
Drugs

Mosapride (5 mg; batch No. 2757C) was purchased
from Dainippon Sumitomo Pharma Co., Ltd. (Chuoku, Osaka, Japan). Dahuang (batch No. 20130302)
and FAI (batch No. 20131017) were produced by the
Zhejiang Chinese Medical University Medical Pieces Co.
Ltd. (Linan, Zhejiang, China). High-performance liquid
chromatography analysis of the FAI indicated that it
contained 0.79% hesperidin, 0.18% aloe emodin,
0.31% rheic acid, 0.28% rheum emodin, 0.35%
chrysophanic acid, and 1.17% physcion.
To prepare the aqueous extracts, FAI was soaked
for 30 min in water (8-10 × V), and then boiled for
30 min. Next, water was added (3-5 × V), and the
solution was boiled for an additional 25 min. The
decoction was concentrated to 1 g/mL crude drug
using rotary evaporators (SENCO R-201; Shanghai
Zhicheng Biological Technology Co., Ltd., Shanghai,
China) and sterilized.

Wang SY, Liu YP, Fan YH, Zhang L, Cai LJ, Lv B. Mechanism
of aqueous fructus aurantii immaturus extracts in neuroplexus of
cathartic colons. World J Gastroenterol 2015; 21(31): 9358-9366
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i31/9358.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i31.9358

INTRODUCTION
Slow transit constipation is a type of intractable
constipation of an unknown etiology. The slowed
colonic transmission results in functional constipation,
[1]
thus affecting an individual’s quality of life . Chronic
use of anthraquinones or traditional Chinese laxatives,
such as dahuang and fanxieye, can result in laxativedependent defecation, also referred to as “cathartic
colon”. Long-term laxative use causes damage
[2-4]
to the intestinal myenteric plexus
, resulting in
movement disability within the colon and aggravation
of constipation.

WJG|www.wjgnet.com

Animal model of cathartic colon

Eighty-two specific pathogen-free male SpragueDawley rats (200 ± 10 g) were purchased from
Shanghai Xipuer-bikai Experimental Animal Co., Ltd.
(Shanghai, China) and housed for 1 wk under a 12 h
light/dark cycle at 22-24 ℃ with 50%-60% humidity
and a noise level < 50 db. Prior to experimentation,
rats were allowed free access to food and tap water.
All the procedures involving animals were conducted
in accordance with the ethical principles adopted by
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the Animal Experimental Center of Zhejiang Chinese
Medical University and were approved by the Ethics
Committee on Animal Experiments at Zhejiang Chinese
Medical University.
The experimental group of rats (n = 70) received
daily oral administration of 15 mL dahuang at an initial
dose of 200 mg/kg (13.3 mg/mL). The dose increased
by 200 mg/kg each day until 50% of the rats exhibited
loose stools. This occurred when the dosage was about
2400 mg/kg per day, which was maintained until the
loose stools disappeared in 80% of the rats. In the next
stage, the dosage was again increased by 200 mg/kg
per day until 50% of the rats exhibited loose stools
again. The final dosage of dahuang was 3800 mg/kg
per day (at 253.3 mg/mL). The time to establish the
laxative-dependent slow transit constipation model
was 12 wk. Food and water were not limited during
the modeling procedure. Animals in the control group (n
= 12) received daily oral administration of 15 mL/kg
normal saline.

dissected approximately 2 cm from the anus was fixed
in 4% buffered neutral formalin and stored at 4 ℃ for
subsequent immunohistochemical analyses. Colonic
tissue (2 cm) located approximately 4 cm from the
anus was rapidly frozen in liquid nitrogen for PCR and
Western blot analyses.

Drug treatment

Real-time PCR

TEM

Following fixation in 2.5% buffered glutaraldehyde
solution, colonic tissue samples were washed with
phosphate buffered saline (PBS) for 30 min, fixed
for 1 h in 1% osmic acid, washed in PBS again,
and dehydrated through a graded ethanol series.
Specimens were embedded in epoxy resin (Epon 812)
and stained with methylene blue. Sections were cut
using an ultramicrotome (HM335E; Microm GmbH,
Waldrof, Germany), and stained with uranyl acetate
and lead citrate. Sections were imaged under a
transmission electron microscope (H-7650; Hitachi,
Ltd., Tokyo, Japan).

Two animals died during establishment of the cathartic
colon model; thus, the remaining 68 rats were divided
into the following five treatment groups: model
(n = 12); mosapride (n = 14); low-dose (1 g/kg)
aqueous FAI extract (FAI-L; n = 14); medium-dose
(2 g/kg) aqueous FAI extract (FAI-M; n = 14); highdose (4 g/kg) aqueous FAI extract (FAI-H; n = 14).
The treatment consisted of daily oral administration
of 15 mL/kg per day for 2 wk; normal saline was
administrated to the control and model groups.
The dose of mosapride was 1.54 mg/kg according
[11]
to the surface area conversion , which is equivalent
to 6.2 × the human adult dosage used in clinical work.
The doses of 1 g/kg, 2 g/kg, and 4 g/kg aqueous FAI
extract are equivalent to 6.2 ×, 12.4 ×, and 24.8 ×
the human adult dosage, respectively, used in clinical
work.

RNAiso Plus (9108; Takara Bio, Inc., Otsu, Shiga,
Japan) was used to extract RNA from frozen tissue
samples, and the concentration of RNA was measured
using a trace nucleic acid analyzer (Thermo Fisher
Scientific, Waltham, MA, United States). RNA (1 μg/μL)
was reverse transcribed to cDNA using a PrimeScript
RT reverse transcription kit (RR036A; Takara Bio
Inc.). Amplification reactions were as follows: 2 μL
cDNA, 10 μL SYBR Premix Ex Taq Ⅱ , 0.4 μL ROX
Ⅱ, 0.8 μL forward and reverse primers (10 μmol/L),
and 6.0 μL dH2O. The two-step amplification method
was performed on a real-time PCR system (7500;
Applied Biosystems of Thermo Fisher Scientific):
initial denaturation at 95 ℃ for 30 s, followed by 40
cycles of denaturation at 95 ℃ for 5 s and annealing
and extension at 60 ℃ for 30 s. A final melting curve
protocol was performed to confirm the specificity of
the primers. Primers were designed and synthesized
by Shenggong Biology and Engineering Co., Ltd.
(Shanghai, China) (Table 1). GAPDH was used as the
-ΔΔCT
normalization control, and the 2
method was used
to calculate the relative expression of target genes.

Intestinal transit rate testing

To evaluate the intestinal transit rate (ITR), animals
received an oral administration of 2 mL carbonic ink.
After 40 min, the rats were anesthetized with 350
mg/kg chloral hydrate and the complete intestinal
tract, from the pylorus to the terminal rectum, was
removed. Without applying tension, the lengths of the
whole intestinal tract, small intestine, large intestine,
and ink propulsion were measured. The percentage of
blackened intestinal tracts was calculated: ITR (%) =
pushing length/total length × 100.

Western blot

Colon tissue samples (50 mg) were lysed and
homogenized in 200 μL lysis buffer and centrifuged
at 10000 g for 10 min at 4 ℃. The concentration of
protein in the supernatant was determined using a BCA
protein assay kit (P0012; Beyotime Technology Co.,
Ltd., Jiangsu, China). Proteins were separated by SDSPAGE using an electrophoresis apparatus (PowerPac
3000; Bio-Rad Laboratories, Inc., Hercules, CA, United
States), and then transferred to PVDF membranes. The
membranes were blocked in skim milk for 2 h and then
incubated overnight with GAPDH (sc-365062; 1:500),
5-HTR4 (sc-32564; 1:200) (Santa Cruz Biotechnology,

Specimen collection

Colonic tissue located 1 cm from the anus was
collected from one randomly selected rat in each
3
group, cut into 1 mm portions, and fixed for 24 h in
2.5% buffered glutaraldehyde for transmission electron
microscopy (TEM). From all rats, colonic tissue (1 cm)
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Table 1 Primer sequences and amplification length
Gene

Primer sequence

Amplification length (bp)

NF-H

Forward: 5'-GCCCTCACCAAACAGGAAT-3'
Reverse: 5'-GCGTTCAGCAATACATCACG-3'
Forward: 5'-GCCTTCTACATCCCGTTTCTC-3'
Reverse: 5'-CTTGGCTGCTTTGGTCTCTG-3'
Forward: 5'-GGCACAGTCAAGGCTGAGAATG-3'
Reverse: 5'-ATGGTGGTGAAGACGCCAGTA-3'

147

5-HTR4
GAPDH

180
252

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; NF-H: Neurofilament-H; 5-HTR4: 5-hydroxytryptamine receptor 4.

Table 2 Intestinal transit rate
Group

n

Pushing length (cm)

Total length (cm)

Control
Model
Mosapride
FAI-L
FAI-M
FAI-H

12
12
14
14
13
14

84.35 ± 10.27
59.51 ± 11.08
82.40 ± 11.46
70.50 ± 17.30
75.74 ± 16.39
84.71 ± 13.53

107.82 ± 10.83
92.40 ± 13.14
117.43 ± 11.48
101.90 ± 17.04
110.93 ± 13.16
117.73 ± 13.60

ITR
78.14 ± 4.26
64.12 ± 5.19b
70.06 ± 7.25b,c
68.76 ± 7.48b
67.78 ± 8.00b
72.02 ± 8.74a,d

a

P < 0.05, bP < 0.01 vs control; cP < 0.05, dP < 0.01 vs model. ITR: Intestinal transit rate; FAI: Fructus aurantii immaturus; H: High dose (4 g/kg); L: Low dose (1
g/kg); M: Medium dose (2 g/kg).

Inc., Dallas, TX, United States), and NF-H (#2836,
1:500; Cell Signaling Technology, Inc., Danvers,
MA, United States) primary antibodies. Then, the
membranes were incubated in horseradish peroxidaseconjugated goat-anti-mouse (sc-2005) or donkey-antigoat (sc-2020) IgGs (Santa Cruz Biotechnology, Inc.)
for 2 h at room temperature. Proteins were visualized
with enhanced chemiluminescence (GE Healthcare,
Little Chalfont, United Kingdom) and quantified using
Quantity One 4.6.2 software (Bio-Rad Laboratories,
Inc.). Protein expression was normalized to GAPDH.

Statistical analysis

Immunohistochemistry

Rats’ general condition

All analyses were performed using SPSS 17.0 sta
tistical software (SPSS Inc., Chicago, IL, United
States). Comparisons between groups were conducted
using repeated measures analysis of variance followed
by a least significant difference test in the case of
equal variance, otherwise a Dunnett’s T3 method was
used. All data are expressed as the mean ± SD. P <
0.05 was considered statistically significant.

RESULTS

The formalin-fixed colon tissues were embedded
in paraffin and sectioned at a thickness of 4 μm.
Sections were prepared for immunostaining using a
two-step Envision method involving high-pressure
antigen retrieval and quenching of endogenous
peroxidase activity with hydrogen peroxide. Sections
were incubated with primary antibodies (anti-NF-H,
1:80; anti-5-HTR4, 1:30), followed by horseradish
peroxidase-conjugated secondary antibodies, and
visualized with diaminobenzidine with hematoxylin
counterstaining. The slides were imaged using a Nikon
Eclipse 80i optical microscope (Nikon Corp., Tokyo,
Japan). Positive staining was defined by the presence
of brown-colored staining in the cytoplasm. IPP 6.0
color image analysis software (Media Cybernetics,
Rockville, MD, United States) was used to identify
the mean integrated optical density (IOD) from five
randomly selected positive areas using the formula:
IOD = ∑ area (positive expression) × density (mean
IOD in this area).

WJG|www.wjgnet.com

Cathartic colons were successfully established in 68/70
animals administered dahuang; two animals died
during the 12-wk period. Model animals were thinner
than controls, with substantially less defecation and
hard stools.
Of the 68 animals with cathartic colons, one
rat from the FAI-M group died during the study. All
cathartic colon groups had significantly shorter ITR
than control animals (P < 0.05 for all) (Table 2).
Compared to the model group, mosapride treatment
and high-dose FAI significantly improved the ITR (P <
0.05 for both).

TEM assessment of neurodegeneration in cathartic
colons

In the control group, neurons in the colonic tissue had
a normal morphology and contained abundant rough
endoplasmic reticulum, free ribosomes, mitochondria,
and neurofilaments (Figure 1A and B). Cathartic colons
in model animals showed signs of neurodegeneration,
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Figure 1 Transmission electron microscopy of cathartic colons. In the colons of control animals, normal A: Nerve fibers (Nf; magnification × 40000); and B:
Interstitial cells of Cajal (ICC; magnification × 2500) can be seen. In contrast, cathartic colons in model animals showed C: Vacuole formation in ‘mit’ and sparse
neurofilament (magnification × 11500); D: Eosinophil (EOS) infiltration (magnification × 1750); E (magnification × 5900) and F (magnification × 5900) each for
mosapride and FAI showing recovery of damage.

with eosinophil infiltration, fractured collagenous
fibers with disordered arrangement, vacuoles in
swollen mitochondria, and autophagic vacuoles in
the cytoplasm (Figure 1C and D). In addition, sparse
neurofilaments and debris of eosinophils, which
contained a large amount of lipofuscin, could be seen
in the muscular layer and myenteric plexus. Interstitial
cells of Cajal appeared shrunken. In contrast, these
changes were not observed in animals receiving
mosapride treatment or FAI (Figure 1E and F).

normal controls (both P < 0.01) (Figure 2). However,
treatment with mosapride or ≥ 2 g/kg aqueous FAI
extracts (medium- and high-dose groups) significantly
upregulated the expression compared to the model
group (P < 0.05 for all).

Upregulation of 5-HTR4 and NF-H protein with FAI and
mosapride

Expression of 5-HTR4 and NF-H proteins was signi
ficantly reduced in cathartic colons compared to
normal controls, as assessed by Western blot (P <
0.05 for both) (Figure 3). Treatment with mosapride
significantly upregulated 5-HTR4 and NF-H (P <
0.01 for both); however, only NF-H expression was
increased significantly in the FAI-M and FAI-H groups (P

Upregulation of 5-HTR4 and NF-H mRNA with FAI and
mosapride

Expression of 5-HTR4 and NF-H mRNAs was signi
ficantly reduced in cathartic colons compared to

WJG|www.wjgnet.com
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Figure 2 Relative mRNA expression of 5-hydroxytryptamine receptor 4 and neurofilament-H in rat colon tissue. aP < 0.05, bP < 0.01 vs control; cP < 0.05,
d
P < 0.01 vs model. FAI: Fructus aurantii immaturus; H: High dose (4 g/kg); L: Low dose (1 g/kg); M: Medium dose (2 g/kg); NF-H: Neurofilament-H; 5-HTR4:
5-hydroxytryptamine receptor 4.
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Figure 3 Protein expression of 5-hydroxytryptamine receptor 4 and neurofilament-H in rat colon tissue. A: Representative Western blots showing 5-HTR4 and
NF-H protein expression in rat colon tissue: 1 = normal, 2 = model, 3 = mosapride, 4 = FAI-L, 5 = FAI-M, 6 = FAI-H; B: Quantification of protein expression. aP < 0.05,
b
P < 0.01 vs control; cP < 0.05, dP < 0.01 vs model. FAI: Fructus aurantii immaturus; H: High dose (4 g/kg); L: Low dose (1 g/kg); M: Medium dose (2 g/kg); NF-H:
Neurofilament-H; 5-HTR4: 5-hydroxytryptamine receptor 4.

Table 3 Semi-quantitative analysis of 5-hydroxytryptamine receptor 4 and neurofilament-H protein expression intensity in rat colon tissue
Protein
5-HTR4
NF-H

Control
161.73 ± 67.56
1064.45 ± 358.96

Model

Mosapride
b

7.85 ± 4.44
166.22 ± 230.38b

FAI-L
b,c

75.13 ± 92.17
649.13 ± 306.48a,c

FAI-M
b

19.31 ± 22.41
219.42 ± 177.20b

FAI-H
b

26.89 ± 19.04
420.89 ± 476.75b

23.89 ± 32.09b
631.78 ± 456.29a,c

a

P < 0.05, bP < 0.01 vs control; cP < 0.05 vs model. FAI: Fructus aurantii immaturus; H: High dose (4 g/kg); L: Low dose (1 g/kg); M: Medium dose (2 g/kg);
NF-H: Neurofilament-H; 5-HTR4: 5-hydroxytryptamine receptor 4.

< 0.05).

NF-H-positive cells were found primarily within
the myenteric plexus (Figure 5). Compared with the
control group, semi-quantitative analysis showed
significantly decreased NF-H protein expression in the
cathartic colons (P < 0.05 for all) (Table 3). Treatment
with mosapride and high-dose FAI significantly
increased NF-H expression compared to model animals
(P < 0.05 for both).

Immunohistochemical analysis of 5-HTR4 and NF-H
expression

5-HTR4-positive cells were observed within the
mucous layer, submucosal plexus, muscular layer, and
myenteric plexus (Figure 4). Semi-quantitative analysis
of expression revealed that 5-HTR4 expression was
significantly reduced in cathartic colons compared to
control animals (P < 0.01 for all) (Table 3). However,
only mosapride treatment resulted in a significant
increase in expression compared to the model group (P
< 0.05).
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DISCUSSION
Pathologic changes in the enteric nervous system are
[12]
responsible for slow transit constipation . Together,
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A
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Figure 4 Immunohistochemical staining for 5-hydroxytryptamine receptor 4 in rat colon tissue. A: Control group; B: Model group; C: Mosapride group; D: Low
dose (1 g/kg) aqueous fructus aurantii immaturus (FAI) group; E: Medium dose (2 g/kg) aqueous FAI group; F: High dose (4 g/kg) aqueous FAI group (magnification ×
200).

A

B

C

D

E

F

Figure 5 Immunohistochemical staining for neurofilament-H in rat colon tissue. A: Control group; B: Model group; C: Mosapride group; D: Low dose (1 g/kg)
aqueous fructus aurantii immaturus (FAI) group; E: Medium dose (2 g/kg) aqueous FAI group; F: High dose (4 g/kg) aqueous FAI group (magnification × 200).
[14,15]

the myenteric plexus, innervating the smooth muscle,
and the submucosal plexus, innervating the intestinal
[13]
mucosa, regulate gastrointestinal function . Clinical
evidence indicates that degeneration of the myenteric
[2-4]
plexus is the primary pathologic finding , possibly
due to increased neuronal apoptosis. Thus, slow transit
constipation is not simply a functional disease, but

WJG|www.wjgnet.com

may also represent an enteric neuropathy
.
In the present study, a rat model of slow transit
constipation was induced by chronic administration
of dahuang, demonstrated by the reduced ITR in ink
propulsion tests. Ultrastructural examination revealed
that a possible mechanism for this effect was loss of
ganglion in the myenteric plexus and a decrease in
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neurofilaments, which is consistent with our previous
[16]
[17]
research and reports of others . Indeed, a previous
study showed that the expression of the neurotrophin
receptor p75 is increased in the intestinal wall of
[18]
cathartic colon , which is known to mediate neuronal
[19]
apoptosis . Furthermore, the presence of eosinophil
infiltration suggests that an additional inflammatory
component may contribute to the observed reduction
in intestinal function.
Gastrointestinal motility is enhanced with mosa
[20-24]
pride treatment, as shown in clinical studies
[25-27]
and in animal models
. The findings of the
present study are consistent with this, as mosapride
treatment significantly increased the ITR in animals
with cathartic colons. Moreover, this recovery of
function was accompanied by increased expression of
5-HTR4 and NF-H, which is consistent with previous
[5,28]
studies
. This study shows that functional recovery
with aqueous FAI extracts may occur via a similar
mechanism, as treatment with a high dose significantly
increased transcription of both 5-HTR4 and NF-H. The
upregulation of NF-H expression by mosapride and
aqueous FAI extracts is indicative of neuronal repair
within the intestinal wall of cathartic colons. However,
whereas mosapride increased both 5-HTR4 and NF-H
protein expression, FAI led to upregulation of only
NF-H protein. As aqueous FAI extracts increased the
transcription of 5-HTR4, it is also possible that they
affected related functional RNAs, such as microRNAs or
long noncoding RNAs, to regulate 5-HTR4 at the post[29]
transcriptional level .
It has been demonstrated that 5-HTR4 agonists
play an important role in the development and survival
[30-32]
of intestinal neurons
. Therefore, these agonists
may represent a new therapeutic tool to treat enteric
[33]
nervous system-deficiency diseases . The results
presented here indicate that aqueous FAI extracts
could also be therapeutic in these cases. However,
further studies are needed to establish an exact
mechanism for the observed recovery of intestinal
function. Importantly, the composition of the aqueous
[34]
FAI extracts is complex . Therefore, the active
component(s) have yet to be identified.

experiments.

CONCLUSION

2

COMMENTS
COMMENTS
Background

In China, fructus aurantii immaturus (FAI) is widely used to treat various kinds
of gastrointestinal diseases. Aqueous FAI extracts promote movement of the
gastrointestinal tract, though the mechanism remains unknown.

Research frontiers

Evidence suggests that irritant laxatives can damage the enteric nervous
system, resulting in laxative-dependent constipation, also known as cathartic
colon. This type of slow transit constipation can be treated with agonists of the
5-hydroxytryptamine receptor 4 (5-HTR4). Aqueous FAI extracts have a similar
effect, though the mechanism is not known.

Innovations and breakthroughs

This study shows that mosapride and aqueous FAI extracts strengthen bowel
movement in rat cathartic colon and promote myenteric plexus repair. Whereas
mosapride increases expression of 5-HTR4 and neurofilament-H (NF-H)
protein, aqueous FAI extracts only result in an increase of NF-H protein.

Applications

New therapeutic agents for the treatment of slow transit constipation are
needed to counteract the increased use of laxatives in China, which can cause
myenteric plexus damage. The findings of this study indicate that aqueous
FAI extracts, a traditional Chinese medicine, may be effective for recovery of
intestinal functional and enteric nervous system damage.

Terminology

Cathartic colon is a condition resulting from long-term use of stimulant/irritant
weight-control agents (e.g., phenolphthalein, cascara, castor oil, and senna
extract). Prolonged misuse causes neuromuscular disruption in the intestine
resulting in stimulant-dependent constipation.

Peer-review

This article describes the effect of aqueous FAI extracts on cathartic colons
in rats. The results show that treatment increases the intestinal transit rate,
promotes myenteric plexus recovery, and upregulates transcription of 5-HTR4
and NF-H, similar to what is observed with mosapride. In contrast, aqueous
FAI extracts increase protein expression of NF-H only, whereas mosapride
increases expression of both 5-HTR4 and NF-H protein.

REFERENCES
1

Slow transit constipation can be alleviated by
treatment with mosapride and aqueous FAI extracts;
both of which promote repair of the myenteric
plexus and upregulate transcription of 5-HTR4 and
NF-H. Therefore, patients with laxative-dependent
constipation may benefit from administration of either
mosapride or aqueous FAI extracts.

3

4

ACKNOWLEDGMENTS

5

The authors would like to thank Professor Wang Li
from the Electron Microscope Center at the Medical
College of Zhejiang University for assistance with TEM

WJG|www.wjgnet.com

9365

Shahid S, Ramzan Z, Maurer AH, Parkman HP, Fisher RS.
Chronic idiopathic constipation: more than a simple colonic
transit disorder. J Clin Gastroenterol 2012; 46: 150-154 [PMID:
22011587 DOI: 10.1097/MCG.0b013e318231fc64]
Krishnamurthy S, Schuffler MD, Rohrmann CA, Pope CE.
Severe idiopathic constipation is associated with a distinctive
abnormality of the colonic myenteric plexus. Gastroenterology
1985; 88: 26-34 [PMID: 3964770 DOI: 10.1016/S0016-5085]
Schouten WR, ten Kate FJ, de Graaf EJ, Gilberts EC, Simons
JL, Klück P. Visceral neuropathy in slow transit constipation: an
immunohistochemical investigation with monoclonal antibodies
against neurofilament. Dis Colon Rectum 1993; 36: 1112-1117
[PMID: 8253006 DOI: 10.1007/BF02052258]
Wedel T, Roblick UJ, Ott V, Eggers R, Schiedeck TH, Krammer
HJ, Bruch HP. Oligoneuronal hypoganglionosis in patients with
idiopathic slow-transit constipation. Dis Colon Rectum 2002; 45:
54-62 [PMID: 11786765]
Kawahara I, Kuniyasu H, Matsuyoshi H, Goto K, Obata K,
Misawa H, Fujii H, Takaki M. Comparison of effects of a selective
5-HT reuptake inhibitor versus a 5-HT4 receptor agonist on in
vivo neurogenesis at the rectal anastomosis in rats. Am J Physiol
Gastrointest Liver Physiol 2012; 302: G588-G597 [PMID: 22194416

August 21, 2015|Volume 21|Issue 31|

Wang SY et al . Aqueous FAI extracts in ENS

6

7
8

9
10
11
12

13
14

15

16

17
18
19

20

21

DOI: 10.1152/ajpgi.00284.2011]
Huang ZH, Yang DZ, Wei YQ. Effect of atropine on the enhancing
action of Fructus Aurantii Immaturus on the myoelectric activity of
small intestine in dogs. Zhongguo Zhongxiyi Jiehe Zazhi 1996; 16:
292-294
Li XW, Ren JG. Experimental study on the coordinative
application of Immature Bitter Orange and Bighead Atractylodes.
Zhongguo Chuantong Yiyao Yanjiu 2002; 15: 23-23
Lee HT, Seo EK, Chung SJ, Shim CK. Effect of an aqueous
extract of dried immature fruit of Poncirus trifoliata (L.) Raf. on
intestinal transit in rodents with experimental gastrointestinal
motility dysfunctions. J Ethnopharmacol 2005; 102: 302-306
[PMID: 16169174 DOI: 10.1016/j.jep.2005.08.015]
Wang CF, Yang DZ. Study on the effect of fructus aurantii
immaturus on myoelectric of gastrointestinal tract in rats. Dongnan
Daxue Xuebao 2001; 20: 153-154
Liu LJ, Wei YQ. The regulation of histamine receptor antagonist
in the effect of fructus aurantii immaturus on the motor activity of
small intestine in mice. Dongnan Daxue Xuebao 2001; 20: 144-146
Reagan-Shaw S, Nihal M, Ahmad N. Dose translation from
animal to human studies revisited. FASEB J 2008; 22: 659-661
[PMID: 17942826 DOI: 10.1096/fj.07-9574LSF]
Bassotti G, De Giorgio R, Stanghellini V, Tonini M, Barbara G,
Salvioli B, Fiorella S, Corinaldesi R. Constipation: a common
problem in patients with neurological abnormalities. Ital J
Gastroenterol Hepatol 1998; 30: 542-548 [PMID: 9836115]
Furness JB. The enteric nervous system and neurogastro
enterology. Nat Rev Gastroenterol Hepatol 2012; 9: 286-294
[PMID: 22392290 DOI: 10.1038/nrgastro.2012.32]
Bassotti G, Villanacci V. Slow transit constipation: a functional
disorder becomes an enteric neuropathy. World J Gastroenterol
2006; 12: 4609-4613 [PMID: 16937428 DOI: 10.3748/wjg.v12.
i29.4609]
Bassotti G, Villanacci V, Creţoiu D, Creţoiu SM, Becheanu G.
Cellular and molecular basis of chronic constipation: taking the
functional/idiopathic label out. World J Gastroenterol 2013; 19:
4099-4105 [PMID: 23864772 DOI: 10.3748/wjg.v19.i26.4099]
Fan YH, Zhou Y, Li YL, LV B, Zhang L, Huang Z. The
effect of glial cell line derived neurotrophic factor (GDNF) to
colonic myenteric plexus ultrastructural changes in slow transit
constipation rats. Zhonghua Xiaohua Zazhi 2009; (12): 845-846
Zhang Y, Li HY. Colonic ultrastructural changes in rats with
constipation. Beijing Zhongyiyao Daxue Xuebao 2005; 28: 63-65
Fan YH, Lu B, Wang M, Ni GB, Chen MT, Xu Y. Expression and
significance of nerve growth factor receptor p75 in rats’ cathartic
colonic wall. Zhonghua Xiaohua Zazhi 2006; 7: 225-229
Bamji SX, Majdan M, Pozniak CD, Belliveau DJ, Aloyz R,
Kohn J, Causing CG, Miller FD. The p75 neurotrophin receptor
mediates neuronal apoptosis and is essential for naturally occurring
sympathetic neuron death. J Cell Biol 1998; 140: 911-923 [PMID:
9472042 DOI: 10.1083/jcb.140.4.911]
Mine Y, Yoshikawa T, Oku S, Nagai R, Yoshida N, Hosoki K.
Comparison of effect of mosapride citrate and existing 5-HT4
receptor agonists on gastrointestinal motility in vivo and in vitro. J
Pharmacol Exp Ther 1997; 283: 1000-1008 [PMID: 9399969]
Liu Z, Sakakibara R, Odaka T, Uchiyama T, Uchiyama T,
Yamamoto T, Ito T, Asahina M, Yamaguchi K, Yamaguchi T,

22
23
24

25

26

27

28

29

30

31
32
33

34

Hattori T. Mosapride citrate, a novel 5-HT4 agonist and partial
5-HT3 antagonist, ameliorates constipation in parkinsonian
patients. Mov Disord 2005; 20: 680-686 [PMID: 15719424 DOI:
10.1002/mds.20387]
Ueno N, Inui A, Satoh Y. The effect of mosapride citrate on
constipation in patients with diabetes. Diabetes Res Clin Pract 2010;
87: 27-32 [PMID: 19889470 DOI: 10.1016/j.diabres.2009.09.024]
Odaka T, Suzuki T, Seza A, Yamaguchi T, Saisho H. [Serotonin 5HT4 receptor agonist (mosapride citrate)]. Nihon Rinsho 2006; 64:
1491-1494 [PMID: 16898619]
Kanazawa M, Watanabe S, Tana C, Komuro H, Aoki M, Fukudo S.
Effect of 5-HT4 receptor agonist mosapride citrate on rectosigmoid
sensorimotor function in patients with irritable bowel syndrome.
Neurogastroenterol Motil 2011; 23: 754-e332 [PMID: 21615623
DOI: 10.1111/j.1365-2982.2011.01732.x]
Inui A, Yoshikawa T, Nagai R, Yoshida N, Ito T. Effects of
mosapride citrate, a 5-HT4 receptor agonist, on colonic motility in
conscious guinea pigs. Jpn J Pharmacol 2002; 90: 313-320 [PMID:
12501007 DOI: 10.1254/jjp.90.313]
Makimoto N, Sakurai-Yamashita Y, Furuichi A, Kawakami
S, Enjoji A, Kanematsu T, Taniyam K. In vivo assessment of
acceleration of motor activity associated with acetylcholine release
via 5-hydroxytryptamine4 receptor in dog intestine. Jpn J Pharmacol
2002; 90: 28-35 [PMID: 12396025 DOI: 10.1254/jjp.90.28]
Okamura K, Sasaki N, Yamada M, Yamada H, Inokuma H.
Effects of mosapride citrate, metoclopramide hydrochloride,
lidocaine hydrochloride, and cisapride citrate on equine gastric
emptying, small intestinal and caecal motility. Res Vet Sci 2009;
86: 302-308 [PMID: 18723200 DOI: 10.1016/j.rvsc.2008.07.008]
Matsuyoshi H, Kuniyasu H, Okumura M, Misawa H, Katsui R,
Zhang GX, Obata K, Takaki M. A 5-HT(4)-receptor activationinduced neural plasticity enhances in vivo reconstructs of enteric
nerve circuit insult. Neurogastroenterol Motil 2010; 22: 806-813,
e226 [PMID: 20146727 DOI: 10.1111/j.1365-2982.2010.01474.x]
Bai M, Zhu XZ, Zhang Y, Zhang S, Zhang L, Xue L, Zhong
M, Zhang X. Anhedonia was associated with the dysregulation
of hippocampal HTR4 and microRNA Let-7a in rats. Physiol
Behav 2014; 129: 135-141 [PMID: 24582667 DOI: 10.1016/
j.physbeh.2014.02]
Liu MT, Kuan YH, Wang J, Hen R, Gershon MD. 5-HT4 receptormediated neuroprotection and neurogenesis in the enteric nervous
system of adult mice. J Neurosci 2009; 29: 9683-9699 [PMID:
19657021 DOI: 10.1523/JNEUROSCI.1145-09.2009]
Liu M, Gershon MD. Neuroprotective/trophic effects of 5-HT4
receptor stimulation on enteric neurons of mice. Neurogastroenterol
Motil 2006; 18: 780-781
Gershon MD, Liu MT. Serotonin and neuroprotection in functional
bowel disorders. Neurogastroenterol Motil 2007; 19 Suppl 2: 19-24
[PMID: 17620084 DOI: 10.1111/j1365-2982.2007.00962.x]
Takaki M, Goto K, Kawahara I. The 5-hydroxytryptamine 4
Receptor Agonist-induced Actions and Enteric Neurogenesis in
the Gut. J Neurogastroenterol Motil 2014; 20: 17-30 [PMID:
24466442 DOI: 10.5056/jnm.2014.20.1.17]
Starkenmann C, Niclass Y, Escher S. Volatile organic sulfurcontaining constituents in Poncirus trifoliata (L.) Raf. (Rutaceae).
J Agric Food Chem 2007; 55: 4511-4517 [PMID: 17488024 DOI:
10.1021/jf063453h]
P- Reviewer: Harmanci O, Luo HS,
Pescatori M, Raju J, Shehata MMM, Tsai KW
S- Editor: Ma YJ L- Editor: Wang TQ E- Editor: Liu XM

WJG|www.wjgnet.com

9366

August 21, 2015|Volume 21|Issue 31|

World J Gastroenterol 2015 August 21; 21(31): 9367-9372
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i31.9367

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Fluid resuscitation in acute pancreatitis: Normal saline or
lactated Ringer's solution?
Michal Lipinski, Alicja Rydzewska-Rosolowska, Andrzej Rydzewski, Grazyna Rydzewska
Michal Lipinski, Grazyna Rydzewska, Department of Gas
troenterology, Central Clinical Hospital of The Ministry of
Interior, 02-507 Warsaw, Poland

Telephone: +48-22-5081240
Fax: +48-22-5081040
Received: December 5, 2014
Peer-review started: December 5, 2014
First decision: January 22, 2015
Revised: February 28, 2015
Accepted: April 28, 2015
Article in press: April 28, 2015
Published online: August 21, 2015

Alicja Rydzewska-Rosolowska, Department of Nephrology
and Transplantation, Medical University of Bialystok, 15-540
Bialystok, Poland
Andrzej Rydzewski, Department of Internal Medicine and
Nephrology, Central Clinical Hospital of The Ministry of Interior,
02-507 Warsaw, Poland
Andrzej Rydzewski, Grazyna Rydzewska, The Faculty of
Health Sciences, UJK, 25-369 Kielce, Poland

Abstract

Author contributions: Lipinski M and Rydzewska G designed
the study; Lipinski M performed the research; Lipinski M,
Rydzewska-Rosolowska A and Rydzewski A contributed new
reagents or analytic tools; Lipinski M analysed the data; Lipinski
M wrote the paper; and all authors have read and approved the
final version to be published.

AIM: To investigate whether administration of Ringer’
s solution (RL) could have an impact on the outcome of
acute pancreatitis (AP).
METHODS: We conducted a retrospective study on
103 patients [68 men and 35 women, mean age 51.2
years (range, 19-92 years)] hospitalized between 2011
and 2012. All patients admitted to the Department
of Gastroenterology of the Central Clinical Hospital of
the Ministry of Interior (Poland) with a diagnosis of
AP who had disease onset within 48 h of presentation
were included in this study. Based on the presence of
persistent organ failure (longer than 48 h) as a criterion
for the diagnosis of severe AP (SAP) and the presence
of local complications [diagnosis of moderately severe
AP (MSAP)], patients were classified into 3 groups:
mild AP (MAP), MSAP and SAP. Data were compared
between the groups in terms of severity (using the
revised Atlanta criteria) and outcome. Patients were
stratified into 2 groups based on the type of fluid
resuscitation: the 1-RL group who underwent standard
fluid resuscitation with a RL 1000 mL solution or the
2-NS group who underwent standard fluid resuscitation
with 1000 mL normal saline (NS). All patients from
both groups received an additional 5% glucose solution
(1000-1500 mL) and a multi-electrolyte solution
(500-1000 mL).
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RESULTS: We observed 64 (62.1%) patients with MAP,
26 (25.24%) patients with MSAP and 13 (12.62%)
patients with SAP. No significant difference in the
distribution of AP severity between the two groups was
found. In the 1-RL group, we identified 22 (55.5%)
MAP, 10 (25.5%) MSAP and 8 (20.0%) SAP patients,
compared with 42 (66.7%) MAP, 16 (24.4%) MSAP and
5 (7.9%) SAP cases in the 2-NS group (P = 0.187).
The volumes of fluid administered during the initial
72-h period of hospitalization were similar among the
patients from both the 1-RL and 2-NS groups (mean
3400 mL vs 3000 mL, respectively). No significant
differences between the 1-RL and 2-NS groups were
found in confirmed pancreatic necrosis [10 patients
(25%) vs 12 patients (19%), respectively, P = 0.637].
There were no statistically significant differences
between the 1-RL and 2-NS groups in the percentage
of patients who required enteral nutrition (23 patients
vs 17 patients, respectively, P = 0.534). Logistic
regression analysis confirmed these findings (OR =
1.344, 95%CI: 0.595-3.035, P = 0.477). There were
no significant differences between the 1-RL and 2-NS
groups in mortality and the duration of hospital stay
(median of 9 d for both groups, P = 0.776).

early hours of the disease. Crystalloids are currently
recommended as the initial resuscitation ﬂuids in
patients with AP. Nevertheless, the optimal type of fluid
therapy remains unclear. The composition, volume and
rate of fluid administration that is most appropriate for
[1]
the treatment of AP is currently being debated .
Isotonic crystalloids, particularly normal saline (NS),
are commonly used as the preferred first-line fluid
[2,3]
treatment for patients with AP . NS is an isotonic
solution (osmolality 308 mOsm/L) with a nominal pH
of 5.5 (4.5-7.0). However, balanced crystalloid lactated
Ringer’s solution (RL) may be more beneficial than
[4]
NS as it reduces the risk of hyperchloremic acidosis
associated with impaired renal function.
Experimental studies show that zymogens may
be activated by low pH. Furthermore, low pH may
also adversely impact acinar cells and make them
more vulnerable to injury, thereby contributing to the
[5]
increase in severity of AP . From that perspective, RL
with its pH (normal range, 6.0-7.5) may potentially
provide for the protective effects on tissue and improve
the outcome of AP.
In AP, hypovolemia is associated with an increased
risk of tissue hypoperfusion and the development of
[6]
organ failure . There is a hypothesis based on the
analysis of a study on the experimental model of
AP, which assumes that intensive fluid resuscitation
[7]
can reduce the extent of hypoperfusion . Fluid
replacement in the setting of SAP is intended not only
to replace the deficiency in blood volume but also to
stabilize capillary permeability, maintain the function of
[8]
the intestinal barrier and modulate the inflammatory
[9]
response .
In the assessment of AP prognosis, there is a
tendency to consider factors that reﬂect the intrava
scular volume depletion [serum creatinine, eGFR,
BUN, urine neutrophil gelatinase-associated lipocalin
(uNGAL)], which often present during the first hours of
[10-14]
AP
.
Hypovolemia is one of the major pathological
symptoms associated with early stage AP; however,
there is no conclusive research that would suggest
the use of a specific fluid therapy in AP. The type of
solution recommended as the initial fluid therapy has
been a subject of ongoing debate for many years. The
current recommendations do not specify the precise
strategy for fluid therapy in AP.
Therefore, this study was designed to investigate
the effect of type of fluid therapy on SAP outcome.

CONCLUSION: Our study failed to find any evidence
that the administration of RL in the first days of AP
leads to improved clinical outcomes.
Key words: Acute pancreatitis; Fuid therapy; Lactated
Ringer’s solution; Treatment; Normal saline
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To date, only a handful of studies have focused
on the effect of Ringer’s solution in the treatment of
acute pancreatitis (AP). We believe that our findings
could be of interest to the readers because they may
allow for a more reliable review of a complex area of
fluid resuscitation in the setting of AP compared with
existing studies. These results were mainly achieved by
applying the modified Atlanta score in our study, which
includes “end points” focused on the final AP treatment
outcome rather than only on changes in a single
laboratory parameter and clinical signs.
Lipinski M, Rydzewska-Rosolowska A, Rydzewski A,
Rydzewska G. Fluid resuscitation in acute pancreatitis: Normal
saline or lactated Ringer's solution? World J Gastroenterol 2015;
21(31): 9367-9372 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9367.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9367

MATERIALS AND METHODS
We conducted a retrospective study on 103 patients
[68 men and 35 women, mean age 51.2 years
(range, 19-92 years)] hospitalized between 2011
and 2012. All patients admitted to the Department of
Gastroenterology of the Central Clinical Hospital of the
Ministry of Interior (Poland) with a diagnosis of AP who

INTRODUCTION
Fluid therapy is a crucial aspect of the management of
patients with acute pancreatitis (AP), especially in the

WJG|www.wjgnet.com

9368

August 21, 2015|Volume 21|Issue 31|

Lipinski M et al . Fluid resuscitation in acute pancreatitis
Table 1 Demographic data of patients in the Ringer’s solution
and normal saline groups n (%)

Table 2 Prediction of severe acute pancreatitis in the Ringer’s
solution and normal saline groups n (%)

1-RL group (n = 40) 2-NS group (n = 63)
Age (yr), mean ± SD
Male
Female
BMI (kg/m2), mean ± SD

49.2 ± 18.0
30 (75)
10 (25)
27.6 ± 5.0

52.5 ± 17.6
38 (60.3)
25 (39.7)
26.3 ± 5.4

BISAP ≥ 3
uNGAL ≥ 73 ng/mL

2-NS

P value

8 (20.0)
15 (37.5)

8 (12.7)
11 (17.5)

0.405
0.035

The 1-Ringer’s solution (1-RL) group with standard fluid resuscitation
with lactated Ringer’s 1000 mL solution; The 2-normal saline (2-NS)
group with standard fluid resuscitation with 1000 mL normal saline.
BISAP: Bedside index of severity in acute pancreatitis; uNGAL: Urinary
neutrophil gelatinase-associated lipocalin.

The 1-Ringer’s solution (1-RL) group with standard fluid resuscitation
with lactated Ringer’s 1000 mL solution; The 2-normal saline (2-NS) group
with standard fluid resuscitation with 1000 mL normal saline. BMI: Body
mass index.

impact of such a decision on the credibility of the
BISAP scale prediction.
The crystalloids used in the study (NS, RL, multielectrolyte solution) were commercially-available
products (manufactured by Frescenius Kabi Polska)
and were provided from a hospital pharmacy.
Based on the presence of persistent organ failure
(more than 48 h) as a criterion for the diagnosis of
severe AP (SAP) and the presence of local complications
[diagnosis of moderately severe AP (MSAP)], patients
were classified into 3 groups: mild AP (MAP), MSAP and
SAP. Organ failure was identified using the Modified
Marshall Scoring System. Data were compared between
the groups in terms of severity (using the revised
Atlanta criteria) and outcome. Primary endpoints of the
study were the distribution of AP severity, mortality and
pancreatic necrosis, while secondary endpoints were the
percentage of patients requiring enteral nutrition and
the duration of hospital stay.
2
The χ test and Fisher exact test were used to
compare the distribution of patient characteristics. The
risk score was developed using a logistic regression
model. A value of P < 0.05 was considered statistically
significant. Overall survival of these patients was
examined using log-rank tests.

had disease onset within 48 h of presentation were
included in this study. Transferred patients or those
patients with symptoms lasting more than 48 h were
excluded. A total of 103 patients were divided into 2
groups based on whether or not they received early RL
(1000 mL/24 h, initiated within 24 h of admission for
a duration of 3 d): 40 patients received early RL (1-RL
group), while 63 patients did not (2-NS group). There
were no significant differences between the groups
with respect to demographic data including age, sex
and BMI (Table 1).
The aetiology of AP in the 1-RL group was biliary in
14 patients (35%), alcoholic in 23 patients (57.5%),
and other (post-ERCP, idiopathic, hereditary, etc.) in 3
patients (7.5%). In the 2-NS group, the aetiology of
AP was biliary in 29 patients (46.1%), alcoholic in 16
patients (25.5%), and other in 18 patients (28.4%).
Patients were divided into 2 groups based on
the type of fluid resuscitation: the 1-RL group who
underwent standard fluid resuscitation with RL 1000
mL solution or the 2-NS group who underwent
standard fluid resuscitation with 1000 mL NS. All
patients from both groups received additional 5%
glucose solution (1000-1500 mL) and a multielectrolyte solution (500-1000 mL). The use of RL or
NS was dictated only by experience and conviction
of the physicians prescribing fluid for the particular
patient. No additional clinical or other types of criteria
were applied. No specific protocol indicating the need
for a specific fluid therapy was applied. In case when
intravenous hydration was still necessary after 72 h patient consistently received NS or RL with additional
crystalloids previously described.
Because the study involved the assessment of
fluid therapy in the first 3 d of AP, the prognostic
methods used in predicting the course of pancreatitis
had to be already applied in the first stage of the
disease. Therefore, it was decided that the BISAP
score and uNGAL values be used. The BISAP score
was determined in all patients within the first 24
h of admission. Urine samples obtained from 24-h
urine collections were gathered for determination of
the urinary level of neutrophil gelatinase-associated
lipocalin from the first day. We did not exclude geriatric
patients (over 65 years of age) due to the negative
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RESULTS
There were no statistically significant differences in the
proportion of patients with predicted SAP in the 1-RL
and 2-NS groups using the BISAP score (Table 2).
SAP was predicted using the BISAP score in 8 patients
(20%) from the 1-RL group and in 8 patients (12.7%)
from the 2-NS group (P = 0.405).
Using the concentration of NGAL in the urine as a
prognostic parameter, SAP was predicted in 15 patients
(37.5%) from the 1-RL group and 11 patients (17.5%)
from the 2-NS group (P = 0.035).
We observed 64 (62.1%) patients with MAP, 26
(25.24%) patients with MSAP and 13 (12.62%)
patients with SAP. No significant difference in the
distribution of AP severity between the two groups was
found. In the 1-RL group, we identified 22 (55.5%)
MAP, 10 (25.5%) MSAP and 8 (20.0%) SAP patients,
compared with 42 (66.7%) MAP, 16 (24.4%) MSAP
and 5 (7.9%) SAP cases in the 2-NS group (P = 0.187,
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Table 3 The distribution of acute pancreatitis severity
between the two groups n (%)
Total
(n = 103)

1-RL group
(n = 40)

2-NS group
(n = 63)

64 (62.1)
26 (25.24)
13 (12.62)

22 (55.5)
10 (25.5)
8 (20.0)

42 (66.7)
16 (24.4)
5 (7.9)

Mild AP
Moderate AP
Severe AP

Percentage of hospitalized patients

P = 0.187

Ringer's lactate (-)

The 1-Ringer’s solution (1-RL) group with standard fluid resuscitation
with lactated Ringer’s 1000 mL solution; The 2-normal saline (2-NS) group
with standard fluid resuscitation with 1000 mL normal saline. AP: Acute
pancreatitis.

Ringer's lactate (+)

80

60

40

20

0

Table 4 Clinical data of patients in the Ringer’s solution and
normal saline groups n (%)

Pancreatic necrosis
Enteral nutrition
Hospital stay
Fatal AP

1-RL

2-NS

P value

10 (25.0)
23 (57.5)
9d
5 (12.5)

12 (19)
17 (27)
9d
3 (4.7)

0.637
0.534
0.776
0.256

0

20
30
40
Days of hospitalization

50

60

Figure 1 Duration of hospitalization in the Ringer’s solution (red line) and
normal saline groups (black line).

acidosis when administered in large volumes; in
contrast, RL does not produce a similar effect. Taking
into account the above findings, it is important to
remember that SAP is often associated with coexisting
[11,12]
metabolic acidosis
. To date, only a handful of
studies have focused on the effect of RL for the
[3,13]
treatment of AP
. Interestingly, most of these
studies evaluated only the effects of selected fluid
therapy on single prognostic parameters or symptoms
and did not assess the impact on the results of the
treatment.
The main objective of our study was to investigate
the effects of a NS-based vs a RL-based fluid therapy
on outcomes in AP.
No statistically significant difference was demon
strated between the 1-RL and 2-NS groups for AP
severity. Most of the studies concerning the prognosis
of AP conducted to date have not utilized the new
criteria to classify disease severity. In this study,
patients were retrospectively analysed from the time
of hospital admission until discharge or death, as
required by the revised Atlanta criteria, which includes
[14]
persistent organ failure as an essential component .
Evaluation of patients based on the revised Atlanta
criteria is associated with a lower percentage of
patients with a diagnosis of SAP (indicating persistent
organ failure). For this reason, the proportion of
patients with SAP is less than the observations
conducted by 2012. Moreover, the mortality rate in this
group is higher because the eligibility criteria for this
group indicate a high risk of death.
Differences in the proportion of patients with
predicted SAP in the 1-RL and 2-NS groups also were
not statistically significant. Our study did not confirm
that the administration of RL had more favourable
effects than NS with respect to the treatment and
outcomes of AP. Our results indicate that, in terms
of confirmed pancreatic necrosis, there were no

The 1-Ringer’s solution (1-RL) group with standard fluid resuscitation
with lactated Ringer’s 1000 mL solution; The 2-normal saline (2-NS) group
with standard fluid resuscitation with 1000 mL normal saline. AP: Acute
pancreatitis.

Table 3).
The volumes of fluid administered during the first
24 and 72 h of hospitalization were similar among
patients from the 1-RL and 2-NS groups (mean 3400
and 10000 vs 3000 and 9000 mL, respectively).
Clinical data for both groups are shown in Table 4.
No significant differences between the 1-RL and 2-NS
groups were found in confirmed pancreatic necrosis [10
patients (25%) vs 12 patients (19%), respectively, P =
0.637].
There were no statistically significant differences
between the 1-RL and 2-NS groups in the percentage
of patients requiring enteral nutrition (23 patients
vs 17 patients, respectively, P = 0.534). Logistic
regression analysis also confirmed this calculation (OR
= 1.344, 95%CI: 0.595-3.035, P = 0.477).
There were no significant differences between the
1-RL and 2-NS groups in the duration of hospital stay
(median of 9 d for both groups, P = 0.776) (Figure 1)
and mortality (fatal AP in 5 patients vs 3 patients, P =
0.256; OR = 2.857, 95%CI: 0.643-12.687, P = 0.168).

DISCUSSION
There is still a debate concerning the optimal fluid
therapy for the early phase of AP. Administered
solutions should not only improve hemodynamic para
meters but also exert positive effects on the micro
circulation and metabolic processes. The type of fluid,
crystalloid and/or colloid, preferred in the early hours
of AP remains under discussion.
NS may contribute to the development of metabolic
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statistically significant differences between the
two study groups. These findings are particularly
interesting in view of a major role of hypoperfusion in
the pathogenesis of not only pancreatic necrosis but
[6,15,16]
also organ failure
.
Also notable is the result suggesting that RL does
not significantly impact the need for enteral nutrition,
[17]
when necessary . Therefore, the outcome of the
study does not confirm that RL may effectively
modulate therapeutic management with regard to
enteral nutrition.
It was difficult to demonstrate the beneficial effects
of RL on the reduction of mortality in our analysis.
We decided to calculate the influence of intravenous
hydration on the risk of metabolic acidosis, which is
[18,19]
. Using this
directly related to the risk of death
approach, our study failed to find any benefits of
using RL solution, compared to 0.9% sodium chloride
solution, on the duration of hospital stay and mortality.
It is important to emphasize that the volumes of
fluid administered in both groups during the first 72
h of hospitalization were similar. This finding excludes
the possibility of differences in the Ⅳ fluid volume
administered having an impact on the outcome of
the study. Our study was retrospective and was not
associated with specific recommendations for the
hydration of patients that considered their body weight.
It is worth noting that intensive fluid resuscitation may
[20,21]
lead to tissue oedema and result in organ failure
.
Furthermore, the study groups were different in terms
of percentage of patients with prognosed SAP, with the
1-RL group having a higher proportion.
Although the arterial pH of patients from either
group was not controlled during their stay at the
hospital, we assume that potential changes in pH and
acidosis coexisting with AP (expected particularly in
the 2-NS group) were not significant. If present, these
changes may have been temporary and did not impact
the results in either group.
Answers to the question of what is the optimal type
of fluid resuscitation in AP and if crystalloid or colloid
solutions are more beneficial are still under debate.
Recently, a controversy concerning the specific fluid
resuscitation protocol in AP was raised by studies using
hydroxyethyl starch, which may be associated with
[22]
increased mortality in critically ill patients . Indeed,
the initial fluid resuscitation protocol can have more
direct impact on necrosis than mortality. On the other
hand, studies exist that support the effectiveness of a
mixed ratio of crystalloid-colloid fluid resuscitation in
[23]
improving the prognosis of patients with SAP
and
reducing the risk of threatening complications (intraabdominal hypertension) caused by hydroxyethyl
[14]
starch .
Our study has several limitations. First, it was
a retrospective study and our data came from one
centre with a limited number of patients. Second, we
did not control the arterial pH in our study groups
due to retrospective nature of our study (arterial pH
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was not controlled for all patients in this cohort). It is
possible that the volume of RL (1000 mL) used was
not sufficient to achieve the target of modulating local
pH or alleviating the acidosis in AP.
Also notable is the result achieved using the
concentration of NGAL in the urine as a prognostic
parameter of SAP. We found statistically significant
differences in the proportion of patients with predicted
SAP in the 1-RL and 2-NS groups (15 patients vs 11
patients, P = 0.035). A greater proportion of patients
with predicted SAP (classified using NGAL but not
the BISAP score) in the 1-RL group could also make
it more difficult to demonstrate the benefits of RL.
Moreover, a greater proportion of patients in the 1-RL
group with an alcoholic aetiology (57.5% vs 25.5%)
complicates the interpretation of the pancreatic
necrosis results. Including a larger number of patients
would probably produce more conclusive results.
Nevertheless, our results allow for a more reliable
review of a complex area of fluid resuscitation in the
setting of AP compared with existing studies. This
improvement was mainly achieved by applying the
modified Atlanta score in our study, which includes “end
points” focused on the final AP treatment outcome
rather than only on changes of single laboratory
parameters and clinical signs.
Additional studies are needed to provide further
data on the benefits and risks of specific fluid regimens
in patients with AP. Until the outcomes of such studies
are published, the management of AP patients should
probably focus more on ensuring that sufficient fluid
volume is provided to maintain perfusion rather than
on which type of fluid (crystalloids or colloids) is used
to achieve it.

COMMENTS
COMMENTS
Background

Fluid therapy is a crucial aspect of the management of patients with acute
pancreatitis (AP), especially in the early hours of the disease. Crystalloids
are currently recommended as initial resuscitation ﬂuids for patients with AP.
Nevertheless, the optimal type of fluid therapy remains unclear. Therefore, this
study was designed to investigate the effect of the type of fluid therapy on SAP
outcome.

Research frontiers

Hypovolemia is one of the major pathological symptoms associated with the
early stages of AP; however, there is no conclusive research that would suggest
the use of a specific fluid therapy in AP.

Innovations and breakthroughs

To date, only a handful of studies have focused on the effect of Ringer’s
solution in the treatment of AP. Interestingly, most of these studies evaluated
only the effects of selected fluid therapy on individual prognostic parameters or
symptoms and did not assess the impact on the results of the treatment. In this
study, data were compared between groups receiving different treatments in
terms of severity (revised Atlanta criteria) and outcomes.

Applications

Current results allow for a more reliable review of a complex area of fluid
resuscitation in the setting of AP compared with existing studies. Additional
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studies are needed to provide further data on the benefits and risks of specific
fluid regimens in patients with AP.

11

Terminology

The composition, volume and rate of fluid administration that is most
appropriate for the treatment of AP is currently being debated, particularly
for the early phase of AP. Administered solution should not only improve the
hemodynamic parameters but also exert positive effects on the microcirculation
and metabolic processes.

12

13

Peer-review

This study was designed to investigate the effect of the type of fluid therapy
on SAP outcomes. This paper addresses an important gap in the literature
regarding fluid therapy for AP.
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Abstract
AIM: To evaluate the long-term effectiveness of
colonic stents in colorectal tumors causing large bowel
obstruction.

Institutional review board statement: This study was
reviewed and approved by the Medeniyet University Institutional
Review Board.

METHODS: We retrospectively analyzed data from
49 patients with colorectal cancer who had undergone
colorectal stent placement between January 2008 and
January 2013. Patients’ symptoms, characteristics and
clinicopathological data were obtained by reviewing
medical records. The obstruction was diagnosed clinically
and radiologically. Histopathological diagnosis was
achieved endoscopically. Technical success rate (TSR)

Informed consent statement: All patients gave their verbal
consent for reporting these cases.
Conflict-of-interest statement: All authors declare no conflicts
of interest (including commercial, personal, political, intellectual,
or religious interests).
Data sharing statement: No unpublished data were available.
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biopsy. Thus, it allows one-stage surgery with primary
anastomosis. Palliative colorectal stenting was shown
to be as effective and acceptable as palliative surgery.
Colonic stents showed long-term efficacy comparable to
that of surgery.

was defined as the ratio of patients with correctly
placed SEMS upon stent deployment across the entire
stricture length to total number of patients. Clinical
success rate (CSR) was defined as the ratio of patients
with technical success and successful maintenance of
stent function before elective surgery (regardless of
number of SEMS deployed) to total number of patients.
The surgical success rate (SSR) of colorectal stent as a
bridge to surgery was defined as the ratio of patients
with successful surgical procedures. Unsuccessful
surgical outcomes were defined as being due to insu
fficient colonic decompression. The technical, clinical,
surgical success rates and complications after stenting
were assessed.

Bayraktar b, Ozemir ia, Kefeli u, Demiral G, Sagiroğlu J,
Bayraktar O, Adali G, Ozcelik A, Tortum OB. Colorectal stenting
for palliation and as a bridge to surgery: A 5-year follow-up study.
World J Gastroenterol 2015; 21(31): 9373-9379 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i31/9373.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i31.9373

RESULTS: The median age of patients was 64 (36 to
89). 44.9% of patients were male and 55.1% were
female. Eighteen patients had the obstruction located
in the rectum, 15 patients in the rectosigmoid region,
10 patients in the sigmoid region, and 6 patients had
a tumor causing obstruction in the proximal colon.
Each patient was categorized pathologically as stage 2
(32.7%, 16 patients) or stage 3 (42.9%, 21 patients)
and 12 patients (24.4%) had metastatic disease.
None of the patients received chemotherapy before
stenting. Stenting was undertaken in 37 patients as
a bridge to surgery, and in 12 patients stents were
used for palliation. Median time to surgery after
stenting was 30 ± 91.9 d. All surgery was completed
in one single operation and thus no colostomy with
stoma was needed. The median overall survival rate
of patients with stage 2-3 colorectal cancer was 53.1
mo and stage 4 was 37.1 mo (P = 0.04). Metastatic
colorectal patients who were treated palliatively with
stents had backbone chemotherapy with oxaliplatin
and/or irinotecan-based regimens plus antiangiogenic
therapies, especially bevacizumab. Resolution of the
obstruction and clinical improvement was achieved in
all patients. The technical, clinical and surgical success
rates were 95.9%, 100% and 94.6%, respectively.

INTRODUCTION
Colorectal cancer alone is expected to account for 8.2%
(136830) of all new cancer cases and it is estimated
that about 50310 (8.3%) deaths from colorectal
[1]
cancer will occur in the United States in 2014 .
The rate of colorectal tumors causing large bowel
[2,3]
obstruction is between 15% and 20% . Obstruction
requires immediate treatment and the mortality rate of
emergency surgery is high. However, colonic stents are
being safely used in malignant colorectal obstruction.
Colorectal stents can be successfully placed in the
[4,5]
majority of cases with good clinical results . They
are used for two indications in colorectal malignancies;
palliative dilatation of advanced disease, and preo
[6]
perative decompression as a bridge to surgery . In
both indications, colonic stents prevent colostomy with
[7]
stoma . Colonic stents are well-tolerated and have
[4,8]
low rates of morbidity and mortality . These stents
have therefore attracted wide attention. In the light
of these facts, we here report a long-term (5 year)
follow-up assessment of the management of malignant
colorectal obstructions using colonic stents, both as a
bridge to surgery and as palliation.

CONCLUSION: The efficacy and safety of colonic
stents was demonstrated both as a bridge to surgery
and for palliative decompression. In addition, results
emphasize the importance of the skills of the endos
copist in colonic stenting.

MATERIALS AND METHODS
Patients and follow-up

Forty-nine patients with colorectal cancer who had
undergone colorectal stent placement at two hospitals
in Istanbul (Istanbul University Cerrahpasa School
of Medicine and Medeniyet University Education and
Research Hospital) were reviewed retrospectively
over a 5-year period from January 2008 to January
2013. The obstruction was diagnosed clinically and
radiologically. Histopathological diagnosis was achieved
endoscopically. Stages of the disease for each patient
were determined with pathological (if the patient
underwent surgery) and clinical findings. Patients’
symptoms, characteristics and clinicopathological
data were obtained by reviewing medical records.
All patients were enrolled after informed consent.
All patients were staged according to the American
th
Joint Committee on Cancer (7 edition) tumor node

Key words: Large bowel obstruction; Colonic decom
pression; Colorectal tumors; Metallic stent; Palliative
therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal stents can be used for two indi
cations in colorectal malignancies; palliative dilatation of
advanced disease, and preoperative decompression as
a bridge to surgery. In both indications, colonic stents
prevent colostomy with stoma. Decompression of the
bowel gives time for surgeons to stabilize the patient,
stage the disease with imaging techniques, and take a
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[9]

metastasis (TNM) staging manual . Clinical followup included history-taking, physical examination,
laboratory tests, and radiological imaging tests if
indicated for detection of relapse.

first evidence of relapse in stage 4 of the disease.
In addition, overall survival (OS) was described as
the time from diagnosis to the date of the patient’
s death or last known contact. Prognostic factors
analyzed by univariate analysis were also evaluated
with multivariate analysis using the Cox proportional
hazards model to predict the risk factors for relapse.
Multivariate P values were used to characterize the
independence of these factors. A 95% confidence
interval (CI) was used to quantify the relationship
between survival time and each independent factor.
All P values were 2-sided in tests and P values ≤ 0.05
were considered significant.

Endoscopic stenting procedure

Briefly, all self-expanding metallic stent (SEMS)
placement procedures were performed by experienced
endoscopists using colonoscopes (CV-40; Olympus,
Tokyo, Japan and EPX-4400HD; Fujinon, Tokyo, Japan)
with fluoroscopic guidance. Before the procedure
was carried out, sedation with midazolam 2-5 mg
was applied in the presence of an anesthesiologist.
Water-soluble contrast material was injected through
the catheter to visualize the stricture. The luminal
diameters of the Over-the-Wire (OTW) and Throughthe-Stent (TTS) stents were 30 mm (body of stent)
and 36 mm (both ends) respectively, and the lengths
varied from 8 to 12 cm. The length of the stent was at
least an additional 3 cm on each side of the stricture
preference. Uncovered SEMS (Micro-Tech Europe
GmbH, Düsseldorf, Germany) were placed in all
patients.
Routine checks with direct radiography were
performed after the procedure had been completed.
All patients were allowed to take liquid 6 h after the
procedure and were discharged after 12 to 24 h.
A liquid and semi-solid diet was recommended to
patients for the first week. Thereafter, on the seventh
post-procedure day, direct control radiography was
performed.
Here the technical success rate (TSR) was defined
as the ratio of patients with a correctly placed SEMS
upon stent deployment across the entire stricture
length to the total number of patients. The clinical
success rate (CSR) was defined as the ratio of patients
with technical success and successful maintenance
of stent function before elective surgery (regardless
of number of SEMS deployed) to the total number of
patients. The surgical success rate (SSR) of colorectal
stents as a bridge to surgery was defined as the
ratio of patients with successful surgical procedures.
Unsuccessful surgical outcomes were defined as being
due to insufficient colonic decompression.

RESULTS
A total of 49 colorectal cancer patients were evaluated.
The median age of patients was 64, ranging from 36
to 89 years. 44.9% of patients were male and 55.1%
were female. Each patient’s disease was categorized
pathologically as stage 2 (32.7%, 16 patients) or
stage 3 (42.9%, 21 patients). Twelve patients (24.4%)
had metastatic disease. Eighteen patients had an
obstruction located in the rectum, 15 patients in the
rectosigmoid region, 10 patients in the sigmoid region,
and 6 patients had a tumor causing obstruction in
the proximal colon. None of the patients received
chemotherapy before stenting. Clinicopathological
characteristics are shown in Table 1.
Only in two patients was stenting done at the
second attempt. Except for these, in all patients
only one colorectal stent was used. In all patients,
resolution of the obstruction and clinical improvement
was achieved. Thus, the TSR and CSR were 95.9%
and 100%, respectively. Stenting was undertaken in
37 patients as a bridge to surgery, and in 12 patients
stents were used for palliation. Median duration of the
stenting procedure was 18 (± 4.48) min for the entire
group.

Bridge to surgery group

In the bridge to surgery group, abdominal pain
occurred in one patient (2.7%) as an early compli
cation (< 7 d), while one patient (2.7%) experienced
tenesmus. Three patients suffered tenesmus (8.1%),
in two patients stent migration occurred (5.4%), and
one patient (2.7%) had a fecal obstruction as a late
complication (> 7 d) that was solved endoscopically.
Patients defined with tenesmus who experienced
stent migration after the stenting procedure had rectal
cancer. Thus, decompression caused complications
for 41.6% of patients with rectal cancer, who were in
stages 2 and 3 of the disease.

Statistical analysis

Statistical analyses were conducted using SPSS 20.0
(SPSS Inc., Chicago, IL) software. Survival analysis
and curves were established according to the KaplanMeier method and compared using the log-rank test.
Median follow-up time was calculated as the median
observation interval for all patients, being the time
from diagnosis or colorectal stenting for obstruction to
the last follow-up or death. Disease-free survival (DFS)
was defined as the time since diagnosis or stenting
to the first evidence of relapse in stages 2-3 of the
disease. Progression-free survival (PFS) was described
as the period following diagnosis or stenting to the
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Palliation group

As early complications in the palliative stage 4 group,
two patients suffered abdominal pain (16.6%),
one patient (8.3%) had tenesmus, and one patient
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A

Table 1 Clinical characteristics of patients n (%)
Patients (n = 49)

Gender
Men
Women
Age
Men
Women
Stage
Stage 2
Stage 3
Stage 4
Obstruction
Proximal colon
Sigmoid colon
Rectosigmoid
Rectum

0.8
Probability of survival

Characteristics

22 (44.9)
27 (55.1)
64.0 (36-89)
64.1 (34-89)
64.6 (42-87)
16 (32.7)
21 (42.9)
12 (24.4)

Palliation group

Abdominal pain 2 (16.6)
Tenesmus 1 (8.3)
Fever 1 (8.3)

P = 0.04

0.2

10

20

30

40

50

60

t /mo

B

Survival functions
1.0

Probability of survival

0.8

Complications

Bridge to surgery
group

Stage 2-3

0.4

0

Table 2 Early and late complications after colorectal stenting
in bridge to surgery and palliation groups n (%)

Early complications
Abdominal pain 1 (2.7)
Tenesmus 1 (2.7)

Stage 4
0.6

0.0

6 (12.2)
10 (20.4)
15 (30.6)
8 (36.8)

Groups

Survival functions
1.0

Late complications
Stent migration 2 (5.4)
Tenesmus 3 (8.1)
Obstruction with feces 1
(2.7)
Stent migration 1 (8.3)
Tumor migration 2 (16.6)

0.6

Surgery

0.4

No surgery

P = 0.004

0.2
0.0
0

10

20

30

40

50

60

t /mo

Table 3 Multivariate analysis of clinicopathological
characteristics comparing patient group and overall survival
Variables
Surgery
Stage

Figure 1 Overall survival. A: Overall survival of patients according to stage
of diseases; B: Overall survival of patients able to undergo surgery and those
without surgery.

OS
HR

95%CI

P value

0.069
0.082

0.06-0.96
0.59-10.29

0.044
0.214

patients with stage 2 and 3 disease received adjuvant
chemotherapy. Only two patients with stage 2 and
3 disease failed to undergo surgery due to cardiac
problems. Thus, SSR was 94.6%. Metastatic colorectal
patients who were managed palliatively with stents
had backbone chemotherapy with oxaliplatin and/
or irinotecan-based regimens plus antiangiogenic
therapies, especially bevacizumab. Colorectal stent
and patient characteristics are shown in Table 1.
At a median follow-up of 33.0 mo, median OS was
53.0 (95%CI: 46.57-59.42) mo. Median OS of the
entire group was 47.0 mo (95%CI: 21.71-72.28).
Median OS of stage 2-3 patients was 53.1 mo and
stage 4 patients was 37.1 mo (p = 0.04). Patients
who underwent surgery had an OS of 49.1 mo, while
patients who were unable to undergo surgery had
an OS of 37.2 mo (p = 0.004) (Figure 1). There was
no statistically significant relationship between OS,
age, location of obstruction and gender (p > 0.05). In
multivariate analysis, only surgery was an independent
prognostic factor for OS (Table 3). Median PFS time
was not reached. The two and three-year PFS rate
for stage 2 disease was 100%; and the rates were

(8.3%) experienced fever. As late complications, stent
migration and obstruction occurred in one patient
(8.3%) and two patients had an obstruction due to
tumor migration (16.6%). Each complication was
recorded in a different tumor region.
For the entire group, early complication rates
totaled 13.1%; three patients with abdominal pain
(6.2%), two patients with tenesmus (4.2%) and one
patient with fever (2.1%). Late complications totaled
18.7%; three patients with tenesmus (6.2%), one
patient with fecal obstruction (2.1%), three patients
with stent migration (6.2%), and two patients with
tumor migration and obstruction (4.2%) (Table 2). For
the entire group, the median duration of hospitalization
was 4 ± 1.17 d. The median time to surgery after
stenting was 30 ± 91.9 d. All surgery was done in
one single operation; therefore no colostomy with
stoma was needed. All patients who had rectal
cancer received neoadjuvant chemoradiation and
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94.0% and 84.7% for stage 3 disease (p > 0.05),
respectively. The two-year DFS rate was 91.3% and
three-year DFS rate was 87.4% in stage 4 patients.
There was no statistically significant relationship
between PFS, age, gender, location of obstruction and
surgery (p > 0.05).

experience of well-trained endoscopists.
The use of stents for acute colorectal obstruction due
[6]
to malignancy is controversial. van Hooft et al found
high perforation rates related to the use of colorectal
[2,3]
stenting in malignant obstructions
. A decision
analysis concluded that colonic stent insertion followed
by elective surgery was more effective and less costly
than emergency surgery, but results of randomized
[17-19]
trials and meta-analyses are contradictory
.
Decompression of the bowel gives time for surgeons
to stabilize the patient, stage the disease with imaging
techniques, and take a biopsy. Thus, it allows onestage surgery with primary anastomosis. In our study,
except for two patients who had cardiac problems,
all patients with stage 2 and 3 disease were able to
undergo one-stage surgery without stoma. In the
group overall, patients who underwent surgery had
longer OS. Based on our results, we oppose the belief
in favor of emergency surgery rather than stenting in
situations of malignant colonic obstruction, based on
[14]
high perforation rates .
Palliative colorectal stenting was shown to be as
effective and acceptable as palliative surgery in one
retrospective study, where colonic stents showed
[20]
long-term efficacy comparable to that of surgery .
Published follow-up data are limited because of
poor survival rates of the patient population in the
[21]
palliative group. Stefanidis et al
reported oneyear effectiveness and the patency of colonic stents
used for palliation. Bevacizumab is an antiangiogenic
[22]
agent used in treating metastatic colorectal cancer .
Bevacizumab was found to be associated with high
complication rates in patients who had palliative
[23]
stents for malignant obstruction . In our study, at a
median follow-up of 33 mo, we found no significant
complications due to the addition of bevacizumab.
In the bridge to surgery group, the surgical success
rate, i.e., the ratio of patients that had stent placement
who underwent elective primary anastomosis surgery,
was 95.6%. This ratio is very high compared to other
[24-26]
studies, which were between 55.3%-77.9%
.
This might be explained by low TSR and CSR in
these studies vs high rates in our study. Previous
studies have reported that the factors associated with
technical failure included severity of obstruction, extracolonic origin of tumor, proximal colonic obstruction,
and presence of carcinomatosis.
In conclusion, we demonstrated in this study the
efficacy and safety of colonic stents both as a bridge
to surgery and for palliative decompression. Surgery
was found to be an independent prognostic factor
in patients with malignant colorectal obstruction.
Although technical and clinical success rates were
high, rectal stents had greater complication rates,
consistent with the literature. Palliative stenting with
a median follow-up of 33 mo did not add any severe
extra complications in the era of bevacizumab. In
addition, results highlight the importance of the skill of

DISCUSSION
Colonic obstruction occurs in 15%-20% of colorectal
[2,3]
cancers . Colonic stenting is recommended only
for those patients with both obstructive symptoms
and radiological or endoscopic findings suspicious of
[6]
malignant large-bowel obstruction . Experience with
stenting has generally been performed for left-sided
lesions and only one randomized trial was carried out
in the case of malignant obstruction of rectal cancer.
Rectal stenting is often avoided because of presumed
association with complications such as pain, tenesmus,
incontinence, and stent migration. For this reason,
guidelines suggest that stenting only be applied for
[6,10]
malignant colonic obstruction
. In our study, no
difficulty was encountered in applying the stenting
procedure, except for one patient who had a tumor
in the colonic region. However, the stenting process
caused complications both in the early and late phases
of patients with obstructed rectal cancer. Tenesmus
(8.1% overall, 25.0% for rectal cancer) and stent
migration (5.4% overall, 16.6% for rectal cancer)
occurred in two patients with stage 2 and 3 of the
disease. Thus, we found that the stenting procedure
for cancers in the rectal region caused relatively more
complications compared with proximal tumors.
Our TSR was 95.9% and CSR was 100%. In the
literature, TSR varies between 70%-100% and CSR
[11-14]
from 85% to 96%
. In a trial where most of the
endoscopists were from a non-university setting, TSR
was reported as 70%. Factors associated with technical
failure included the severity of obstruction, extracolonic origin of tumor, proximal colonic obstruction,
[14]
and presence of carcinomatosis . In our study, a low
technical failure rate (only two patients) did not allow
us to determine the factors associated with technical
failure. Our total early and late complication rates for
the entire group were 13.1% and 18.7%, respectively.
Early complications were three patients with abdominal
pain (6.2%), two patients with tenesmus (4.2%), and
one patient with fever (2.1%). Late complications were
three patients with tenesmus (6.2%), one patient
with fecal obstruction (2.1%), three patients with
stent migration (6.2%), and two patients with tumor
migration and obstruction (4.2%). These complication
[15,16]
rates are much lower than previous studies
. In this
study, all endoscopic stent placements were handled
by the same general surgeon in a university setting.
Therefore, higher success rates and lower complication
rates with no perforation can be attributable to the
circumstances in the particular treatment facility and
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the endoscopist when carrying out colonic stenting.
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ORIGINAL ARTICLE
Retrospective Study

Simple colonoscopy reporting system checking the
detection rate of colon polyps
Jae Hyun Kim, Youn Jung Choi, Hye Jung Kwon, Seun Ja Park, Moo In Park, Won Moon, Sung Eun Kim

Abstract

Jae Hyun Kim, Youn Jung Choi, Hye Jung Kwon, Seun Ja
Park, Moo In Park, Won Moon, Sung Eun Kim, Department of
Internal Medicine, Kosin University College of Medicine, Busan
602-702, South Korea

AIM: To present a simple colonoscopy reporting system
that can be checked easily the detection rate of colon
polyps.
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intellectual content; and Park SJ approved the manuscript.

METHODS: A simple colonoscopy reporting system
Kosin Gastroenterology (KG quality reporting system)
was developed. The polyp detection rate (PDR),
adenoma detection rate (ADR), serrated polyp detection
rate (SDR), and advanced adenoma detection rate
(AADR) are easily calculated to use this system.
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RESULTS: In our gastroenterology center, the PDR,
ADR, SDR, and AADR test results from each gastro
enterologist were updated, every month. Between June
2014, when the program was started, and December
2014, the overall PDR and ADR in our center were
62.5% and 41.4%, respectively. And the overall SDR
and AADR were 7.5% and 12.1%, respectively.
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CONCLUSION: We envision that KG quality reporting
system can be applied to develop a comprehensive
system to check colon polyp detection rates in other
gastroenterology centers.
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Core tip: Detecting the rate of colon polyps, such as
the adenoma detection rate is an important quality
indicator during colonoscopy exams. However, reporting
the detection rate in daily practice is not easy because
manual reporting requires a lot of time and effort. To
our knowledge, reporting systems for detecting the
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rate of colon polyps are rare. We developed a simple
colonoscopy reporting system that can be checked
easily the detection rate of colon polyps. We envision
our system can be applied to develop an optimal
system for assessing the detection rate of colon polyps
in other gastroenterology centers.

complicated. The “KG (Kosin gastroenterology) quality
reporting system” was produced because we wanted
to identify an easier and more accessible way to check
PDR and ADR on routine colonoscopic examination. We
tried to develop a simple colonoscopy reporting system
which can possibly check the PDR and ADR, as well as
the serrated polyp detection rate (SDR) and advanced
adenoma detection rate (AADR). In this study, we
describe a simple colonoscopy reporting system that
was applied in our gastroenterology center to check
the PDR, ADR, SDR, and AADR.

Kim JH, Choi YJ, Kwon HJ, Park SJ, Park MI, Moon W, Kim SE.
Simple colonoscopy reporting system checking the detection rate
of colon polyps. World J Gastroenterol 2015; 21(31): 9380-9386
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i31/9380.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i31.9380

MATERIALS AND METHODS
KG quality reporting system production

The “KG Quality reporting system” platform used our
hospital’s computer program system. In previous
colonoscopic input program systems that were used
in our gastroenterology center, we manually entered
some data including the insertion time, withdrawal
time, bowel preparation, and cecal intubation. Based
[15,20]
on the current literature and knowledge
, we
developed a colonoscopic input program system list
that included established quality indicators, such as
“reason for colonoscopy, insertion time, withdrawal
time, bowel preparation, cecal intubation, patient’
s discomfort status, and polyp detection (including
whether polyp size are larger or smaller than 1 cm)”.
Two indicators, including “last examination date and
anticoagulants”, were also added (Figure 1). We used
the Aronchick bowel preparation scale as the bowel
[21]
preparation index, and the Gloucester Comfort Scale
as the patient’s discomfort scale index. All indicators
could be entered with one click, except for insertion
time and withdrawal time which are entered as the
number of minutes and seconds. If one or more polyps
were located during the colonoscopic examination,
the gastroenterologist would check “yes” for the polyp
detection indicator (violet colored box on Figure 1).
The polyp size which is measure by using open biopsy
forceps, could be indicated by selecting whether “Size
≥ 1 cm” or not.
We made a patients’ list searchable so each
gastroenterologist could find the examined patients. In
this step, several items including “Polyp”, “Adenoma”,
“Serrated polyp”, “HGD (high grade dysplasia)”,
“Villous comp (component)”, and “Advanced adenoma”
are presented on a new page (Figure 2). Serrated
polyps are defined as hyperplastic polyps (HP) which
excluded small lesions (< 10 mm) of HP limited to the
rectum and sigmoid, sessile serrated adenoma/polyp
[22]
(SSA/P), or traditional serrated adenoma (TSA) .
Advanced adenoma is defined as adenoma that was 1
cm or greater, or with HGD, or with villous component
[23,24]
(tubulovillous or villous)
. The “Polyp” column
(green colored box on Figure 2) is automatically
presented as “Yes” or “No” which is linked with a click
of “Yes” or “No” to the polyp detection indicator shown
in Figure 1. For other items including “Adenoma”,

INTRODUCTION
Colorectal cancer is ranked as the third leading cause of
[1-3]
cancer-related death in the world . It is well known
that most colorectal cancers arise from adenomatous
polyps and patients with adenomatous polyps have
greater risks of future development of advanced
[4-8]
neoplasia . A colonoscopy is a useful tool to detect
and remove colorectal polyps. However, a number of
polyps could be missed clinically during colonoscopic
examination, which can increase the incidence of
[9-12]
interval cancer
. A large tandem colonoscopy
study that assessed variable detection of adenomas,
[13]
demonstrated miss rates ranged from 17% to 48% .
To reduce the missing rate of colon polyps, several
quality indicators including adenoma detection, bowel
preparation, cecal intubation, withdrawal time, patient’s
discomfort, and complications, such as perforation and
postpolypectomy bleeding have been suggested, all of
which aim to measure colonoscopists’ performance and
[14,15]
to target quality improvement
. Of such indicators,
the adenoma detection rate (ADR) is currently
considered the most important quality indicator during
[16-18]
colonoscopy
. According to data from the study by
[19]
Boroff et al , the polyp detection rate (PDR) may be
a valid surrogate marker of ADR in the proximal but
not the distal colon. In daily practice however, reporting
for the PDR and ADR is not easy, because manual
reporting requires a lot of time and effort. Recently, van
[20]
Doorn et al
developed a new colonoscopy reporting
system that enables automatic quality assessment,
and reported that 94% of colonoscopies that are
performed overall were reported completely and that
ADR was used as the measurement unit in 35.4% of
the system reports. However, in practice it is not easy
to introduce this system to other gastroenterology
centers, because additional costs will be incurred as
this system was developed in collaboration with the
Olympus Corporation.
To our knowledge, reporting systems for detecting
the rate of colon polyps are rare. Our gastroenterology
center also had not checked the PDR and ADR until
May 2014, because we thought that this process was
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Figure 1 Quality indicators in the Kosin Gastroenterology quality reporting system.

Figure 2 search results for the patient lists by each examining gastroenterologist and the input-system for pathologic data in the Kosin Gastroenterology
quality reporting system.
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Table 1 Overall detection rate of colon polyps between June 2014 and December 2014 in our gastroenterology center
6

7

8

9

10

11

12

Overall (male vs female)

PDR

64.6%

62.4%

64.3%

61.0%

59.6%

63.7%

64.2%

ADR

40.4%

36.1%

44.3%

38.2%

40.7%

41.0%

47.2%

SDR

13.5%

8.2%

11.2%

8.0%

5.8%

6.6%

8.7%

6.8%

13.5%

16.0%

11.2%

13.3%

11.2%

12.8%

62.5%
(66.0% vs 55.8%)
41.4%
(45.5% vs 36.3%)
7.5%
(7.7% vs 7.4%)
12.1%
(13.6% vs 9.7%)

Month

AADR

PDR: Polyp detection rate; ADR: Adenoma detection rate; SDR: Serrated polyp detection rate; AADR: Advanced adenoma detection rate.

“Serrated polyp”, “HGD”, “Villous comp”, and “Advanced
adenoma”, we tried to link automatically with the
pathological data, however, in practice, this approach
was not easy. We modified this approach and adjusted
the program so that data such as “Adenoma”, “Serrated
polyp”, “HGD”, and “Villous comp” could be entered
manually. Each gastroenterologist was asked to
input this specific data. For example, if the histology
of a resected polyp was adenoma, the examining
gastroenterologist was asked to enter “Yes” in the
“Adenoma” space. Similarly, if the histology of a
resected polyp was serrated polyp, the examining
gastroenterologist entered “Yes” in the ‘Serrated
polyp’ space. In cases of adenoma with HGD or villous
components, the gastroenterologist input “Yes” in the
“HGD” or “Villous comp” spaces, respectively. If any
one of the three components including “HGD”, “Villous
comp” (shown in Figure 2), and “Size ≥ 1 cm (shown
in Figure 1)” were entered as “Yes”, this information
was automatically presented as “Yes” in the “Advanced
adenoma” space. For cases with multiple resected
polyps, additional work is needed to identify whether
the resected polyp was an adenoma larger than 1
cm in size. Although this process could be tedious,
entering one month of data only requires about 15
min. Additionally, this process can help to identify
gastroenterologist’s own pathological data for resected
polyps. These inputted data can be saved by selecting
the “Save” button, and can be transferred to the Excel
program (Microsoft Corporation, Washington, United
States) (Figure 2).

by the total number of colonoscopies performed by
the colonoscopist. AADR is calculated as the number
of colonoscopies in which one or more advanced
adenomas were detected, divided by the total number
of colonoscopies performed by the colonoscopist.

RESULTS
In our gastroenterology center there are three
experts and eleven training fellows; a monthly
average of 60 colonoscopic examinations are
performed per gastroenterologist. By using our
system, we calculated the PDR, ADR, SDR, and
AADR of each gastroenterologist in our clinic. Based
on these data, we analyzed the flow of data of each
gastroenterologist, and estimated the overall PDR,
ADR, SDR, and AADR of all gastroenterologists in our
clinic. At the beginning of every month, the results of
the last month, which consisted of tables and figures
were updated and sent to all gastroenterologists
in our clinic by e-mail. Between June 2014, when
the program was started, and December 2014, the
overall PDR of gastroenterologists in our clinic was
62.5% (66.0% in male patients, and 55.8% in female
patients). The overall ADR was 41.4% (45.5% in
male patients, and 36.3% in female patients), the
overall SDR was 7.5% (7.7% in male patients, and
7.4% in female patients), and the overall AADR was
12.1% (13.6% in male patients, and 9.7% in female
patients). These data are summarized in Table 1. The
flow of each gastroenterologist’s monthly data was
plotted with a broken line graph. Figure 3a and Figure
3b show examples for the flow of monthly data of two
fellows.

PDR, ADR, SDR, and AADR calculations

Calculating PDR, ADR, SDR, and AADR is easily
accomplished using the Microsoft Excel program.
This process was performed by the investigator.
PDR is calculated as the number of colonoscopies
in which one or more polyps were detected, divided
by the total number of colonoscopies performed by
the colonoscopist. ADR is calculated as the number
of colonoscopies in which one or more adenomas
were detected, divided by the total number of
colonoscopies performed by the colonoscopist. SDR
is calculated as the number of colonoscopies in which
one or more serrated polyps were identified, divided

WJG|www.wjgnet.com

DISCUSSION
We worked to develop an easy system to check
the PDR, ADR, SDR, and AADR during routine
colonscopic examinations. The first step was to search
the list of patients that were examined by each
gastroenterologist. We allowed the examined patients’
list to be searchable by each gastroenterologist in our
clinic, and we also made it possible to automatically
link between the “Polyp” indicator (violet colored box
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Figure 3 Monthly polyp detection rate data flow for fellow 1 (A) and fellow 2 (B). PDR: Polyp detection rate; ADR: Adenoma detection rate; SDR: Serrated polyp
detection rate; AADR: Advanced adenoma detection rate.

on Figure 1) and the results of the “Polyp” column
(green colored box on Figure 2). The second step
was to input the “Adenoma”, “Serrated polyp”, “HGD”,
and “Villous comp” data. This process was performed
by each examining gastroenterologist. And then,
PDR, ADR, SDR, and AADR were easily calculated as
described in the “Methods” section.
Several quality indicators for colonoscopy are
used in the KG quality reporting system (Figure
1). Of these indicators, ADR is the quality indicator
with the strongest association to post-colonoscopy
colorectal cancer or missed colorectal cancer. Among
healthy asymptomatic patients that undergo screening
colonoscopy, adenomas should detected in ≥ 25%
of men and ≥ 15% women more than 50 years
[15]
old . In our gastroenterology center, the overall ADR
was 41.4% (45.5% in male patients, and 36.3% in
female patients) between June and December 2014.
Serrated polyps are classified as HP which excluded
small lesions (< 10 mm) of HP limited to the rectum
[22]
and sigmoid, SSA/P, or TSA . Both SSA/P and TSA
are pre-cancerous lesions, and SSA/P located in the
proximal colon is considered as a cause of interval
[25]
cancer . A recent article by these investigators
showed that the SDR correlated with the ADR in
[26]
their routine colonoscopic examinations . In our
gastroenterology center, the overall SDR was 7.5%
(7.7% in male patients, and 7.4% in female patients)
between June and December 2014. According to
the current literature and knowledge, about onethird of all polyps larger than 10 mm in size have
advanced histology, but diminutive polyps (≤ 5 mm
[27,28]
in size) rarely have advanced pathology
. A polyp
larger than 10 mm in size is categorized as advanced
adenoma, which also includes adenoma with highgrade dysplasia (HGD), or with villous components
[23,24]
(tubulovillous or villous)
. Recently, Greenspan
[29]
et al
reported that the overall AADR was 7.97%
for 14 colonoscopists who performed a total of 1944
[30]
colonoscopies. Additionally, Lee et al
showed that
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the overall AADR was 4.46% for 18 colonoscopists
who performed a total of 561 colonoscopies. In our
gastroenterology center, the overall AADR was 12.1%
(13.6% in male patients, and 9.7% in female patients)
between June and December 2014.
There are some limitations to the system we
developed. First, the detection rate of colon polyps is
not categorized by the reason for colonoscopy. Our
data included patients with prior polypectomy as well
as screening colonoscopy, so the detection rate of
colon polyps in our gastroenterology center could be
overestimated. In the next step, we will develop this
system to categorize the detection rate of colon polyps
by the reason for colonoscopy. Second, the input of
pathologic data is performed manually in our system.
Currently, each examining gastroenterologist enters
the pathologic data of resected polyps, which it can
cause manual data entry errors. The next step is to
develop an automatic linkage between our system and
pathologic data.
In addition to the practical application of our system
which checks the detection rate of colon polyps,
other possible associations between various quality
indicators and the detection rate of colon polyps can be
evaluated. The data acquired from our program can be
used as a basis for performing colonoscopy research.
Furthermore, identifying gastroenterologists’ own data
for polyp detection rates can facilitate colonoscopic
examination quality improvements. In the next step,
we will develop our system to possible the statistical
analysis for each quality indicator. Although the KG
quality reporting system is still being developed, we
hope that this system can be applied to develop an
optimal system for assessing the detection rate of
colon polyps in other gastroenterology centers.
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the detection rate in daily practice is not easy because manual reporting is
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detecting the rate of colon polyps are rare.
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lesions (< 10 mm) of hyperplastic polyps limited to the rectum and sigmoid,
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adenoma is defined as adenoma that was 1 cm or greater, or with high grade
dysplasia, or with villous component (tubulovillous or villous).
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Abstract
AIM: To compare the outcomes of endoscopic mucosal
resection with a cap (EMR-C) with those of endoscopic
submucosal dissection (ESD) for the resection of rectal
neuroendocrine tumors.

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

METHODS: One hundred and sixteen lesions in 114
patients with rectal neuroendocrine tumor (NET)
resected with EMR-C or ESD were included in the study.
This study was performed at Pusan National University
Yangsan Hospital between July 2009 and August 2014.
We analyzed endoscopic complete resection rate,
pathologic complete resection rate, procedure time,
and adverse events in the EMR-C (n = 65) and ESD (n
= 51) groups. We also performed a subgroup analysis
by tumor size.

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
mdkhwook@gmail.com Participants gave informed consent for
data sharing.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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RESULTS: Mean tumor size was 4.62 ± 1.66 mm
in the EMR-C group and 7.73 ± 3.14 mm in the ESD
group (P < 0.001). Endoscopic complete resection
rate was 100% in both groups. Histologic complete
resection rate was significantly greater in the EMR-C
group (92.3%) than in the ESD group (78.4%) (P =
0.042). Mean procedure time was significantly longer
in the ESD group (14.43 ± 7.26 min) than in the
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EMR-C group (3.83 ± 1.17 min) (P < 0.001). Rates of
histologic complete resection without complication were
similar for tumor diameter ≤ 5 mm (EMR-C, 96%; ESD,
100%, P = 0.472) as well as in cases of 5 mm < tumor
diameter ≤ 10 mm (EMR-C, 80%; ESD, 71.0%, P =
0.524).

[or transanal endoscopic microsurgery (TEM)], or
[7]
radical rectal resection . Endoscopic treatment is
acceptable for small rectal NETs, but there is still
controversy regarding which type of endoscopic
resection is best. Numerous treatment strategies
for rectal NETs have been reported. Conventional
endoscopic mucosal resection (EMR) is simple, but
there is some risk of incomplete resection. Endoscopic
submucosal dissection (ESD) has several advantages
over conventional EMR, including a higher en bloc
resection rate, lower local recurrence rate, and more
[8]
accurate pathological evaluation . However, ESD
requires great skill and experience and more time, and
carries a risk of adverse events such as perforation
[9]
and bleeding . EMR with a cap (EMR-C) is an
endoscopic procedure for cutting the submucosal layer
by lifting the mucosa with saline injection, followed by
aspirating the lesion into a transparent cap. EMR-C has
advantages over both EMR and ESD. An advantage of
EMR-C is that it is simpler and less time-consuming.
Previous studies comparing EMR-C with ESD showed
[9]
inconsistent results; Zhou et al reported a completeresection rate of only 52.5% for EMR-C, but Zhao
[10]
et al
reported the rate to be 100%. This study
compares the efficacy of EMR-C with that of ESD for
the resection of rectal NETs.

CONCLUSION: EMR-C may be simple, faster, and
more effective than ESD in removing rectal NETs and
may be preferable for resection of small rectal NETs.
Key words: Neuroendocrine tumor; Endoscopic mucosal
resection with cap; Endoscopic submucosal dissection;
Complete resection; Complication
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study suggests that rates of endoscopic
and histologic complete resection without adverse
events were high in endoscopic mucosal resection
with a cap (EMR-C) for treating rectal neuroendocrine
tumors (NETs). EMR-C seems to be a safe, easy,
and effective method for the resection of rectal NETs
because it is technically easier and less time-consuming
than endoscopic submucosal dissection.
Park SB, Kim HW, Kang DH, Choi CW, Kim SJ, Nam HS.
Advantage of endoscopic mucosal resection with a cap for
rectal neuroendocrine tumors. World J Gastroenterol 2015;
21(31): 9387-9393 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9387.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9387

MATERIALS AND METHODS
Between July 2009 and August 2014, EMR-C and
ESD were performed for 116 lesions in 114 patients
with rectal NETs at Pusan National University Yangsan
Hospital. Sixty-five lesions were resected with
EMR-C and 51 with ESD. We performed endoscopic
ultrasonography (EUS) using a UM-DP20-25R, 20-MHz
(Olympus Medical Systems Corp., Tokyo, Japan)
to estimate the size and the depth of invasion of
rectal NETs in all patients before resection. Tumors
invading the muscularis propria layer were treated
surgically, tumors measuring 10-19 mm on EUS
were treated with ESD, and EMR-C and ESD were
alternated, if possible, for tumors ≤ 10 mm in
diameter. The procedures were performed by three
endoscopists (authors KHW, CCW, and PSB). Data
were obtained retrospectively from a database. All
resection specimens were measured and vertical and
lateral resection margins evaluated. We analyzed
the rate of endoscopic and histologic complete
resection, procedure time, and adverse events. We
also performed a subgroup analysis of EMR-C and
ESD outcomes by tumor size. Tumors ≤ 10 mm in
diameter were divided into two groups, ≤ 5 mm and
5-10 mm. Procedure time was defined as the time
from submucosal injection to completion of resection,
and adverse events were defined as bleeding (including
immediate and delayed bleeding) and perforation
(including microperforation and frank perforation).

INTRODUCTION
Rectal neuroendocrine tumor (NET) is a slow growing
tumor that originates in the cells of the neuroendocrine
system. Rectal NETs comprise 8% to 30% of all
[1]
gastro-intestinal (gi) NETs . The frequency of rectal
NETs is higher in Asian countries compared to Western
[2]
countries . The incidence of rectal NETs has recently
increased more in South Korea; this is related to
the increasing number of screening colonoscopies,
improved detection through endoscopic developments,
and a deeper understanding of rectal NETs. Rectal
NETs usually appear as sessile submucosal lesions
[3,4]
covered with yellowish mucosa . Clinical course
of tumors less than 10 mm in diameter is relatively
good. The risk of metastases has been reported to
be 0%-10% for tumors < 10 mm and 4%-30%, for
[5]
tumors 10-19 mm in diameter , and 57%-80% for
[6]
tumors ≥ 20 mm in diameter . Standard treatment
for rectal NETs < 10 mm is endoscopic resection, and
the appropriate therapies for rectal NETs 10-19 mm in
diameter are endoscopic resection, transanal resection
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Figure 1 Endoscopic mucosal resection with a cap. A: Transparent cap is attached to the distal end of the scope; B: Saline solution with indigo-carmine solution is
injected submucosally beneath the tumor; C: A crescent-shaped snare is positioned on the internal circumferential ridge; D: The submucosal layer is suctioned and dissected
with the snare; E: A clear resection surface is observed; F: The resection specimen is retrieved and measured. EMR-C: Endoscopic mucosal resection with a cap.

Technique

margin that could not be evaluated for reasons such as
electrocautery artifact and inappropriate orientation.

EMR-C: We used a single-channel scope (GIF-H260,
Olympus Medical Systems Corp.) with an oblique
distal attachment (MAJ-290, Olympus Medical
Systems Corp.) and a 25-mm single-use crescent
electrosurgical snare (SD-221L-25, Olympus Medical
Systems Corp.). First, submucosal injection was used
to lift the tumor. After attaching the oblique cap to the
distal end of the endoscope, the crescent-shaped snare
was positioned on the internal circumferential ridge at
the tip of the cap. The lesion was drawn into the cap
using the suction function, then snared and resected
using an electrosurgical unit (ERBE VIO 300 D, ERBE
Elektromedizin GmbH, Tübingen, Germany) (Figure 1).

Statistical analysis

Statistical analysis was performed using PASW for
Windows, Version 18.0 (SPSS Inc., Chicago, IL, United
States). Quantitative results are expressed as medians
and ranges. Statistical comparisons between the two
2
groups were performed using the χ statistic and
Fisher’s exact test. A P value < 0.05 was considered to
be significant.

RESULTS
Of 116 lesions in 114 patients, 65 lesions were
treated with EMR-C and 51 with ESD. The baseline
characteristics and clinical outcomes of the EMR-C and
ESD groups are shown in Tables 1 and 2, respectively.

ESD: ESD was carried out with a single-channel
scope (GIF-H260, Olympus Medical Systems Corp.)
and an electrosurgical unit (ERBE VIO 300 D, ERBE
Elektromedizin GmbH). After lifting the tumor with
submucosal injection, a circumferential incision was
made around the lesion and submucosal dissection
carried out with a DualKnife Electrosurgical Knife
(Olympus Medical Systems Corp.).

Outcomes of EMR-C and ESD

As seen in Table 1, mean patient age did not differ
significantly between the EMR-C and ESD groups
(P = 0.063). The size of the resected specimen was
significantly larger in the ESD group than in the EMR-C
group (P < 0.001). The size of the tumor was also
significantly larger in the ESD group (P < 0.001).
Table 2 shows that resection time was significantly
longer in the ESD group (P < 0.001). Endoscopic
complete resection rates were 100% in both groups,
and histologic complete resection rate was significantly
higher in the EMR-C group than in the ESD group (P

Histopathologic evaluation: Each resected rectal
NET was measured. All specimens were fixed in 10%
formalin and stained with hematoxylin-eosin. Depth
of invasion and margin infiltration were evaluated.
Histologic complete resection (R0) was defined as
histopathologically tumor-free lateral and vertical
margins. Indeterminate margin (Rx) was defined as
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Table 1 Baseline patient characteristics n (%)

Age (yr), mean ± SD
Male gender
Follow up period (d),
mean ± SD
Specimen size (mm),
mean ± SD (range)
Tumor size (mm),
mean ± SD (range)
EUS measured size (mm),
mean ± SD (range)
Tumor size (mm)
0 < tumor size ≤ 5
5 < tumor size
≤ 10
> 10

EMR-C
(n = 65)

ESD
(n = 51)

52.31 ± 9.83
43 (66.2)
689.58 ± 468.94

48.47 ± 12.23
33 (64.7)
760.84 ± 458.91

10.15 ± 2.21
(6.0-15.0)
4.62 ± 1.66
(1.0-10.0)
4.72 ± 1.51
(1.0-8.0)

13.10 ± 3.99
(8.0-25.0)
7.73 ± 3.14
(3.0-18.0)
7.27 ± 2.54
(2.7-17.0)

50
15

13
31

0

7

Table 2 Clinical outcomes by endoscopic treatment modality

n (%)
P value
0.063
0.872
0.414

Procedure time (min),
mean ± SD,
Complication
Bleeding
Perforation
Endoscopic complete
resection
Histologic complete resection
Vertical margin involvement
Lateral margin involvement
Vertical and Lateral margin
involvement
Indeterminate margin
Vertical:Lateral:Vertical and
Lateral, n
Lymphovascular invasion

< 0.001
< 0.001
< 0.001

EMR-C: Endoscopic mucosal resection with a cap; ESD: Endoscopic
submucosal dissection.

ESD
(n = 51)

P value

3.83 ± 1.17

14.43 ± 7.26

< 0.001

0 (0.0)
0
0
65/65 (100)

4 (7.8)
4 (7.8)
0
51/51 (100)

0.044

60/65 (92.3)
1 (1.5)
1 (1.5)
0 (0.0)

40/51 (78.4)
1 (2.0)
2 (3.9)
2 (3.9)

0.042
0.864
0.710
0.159

3 (4.6)
2:1:0

6 (11.8)
1:3:2

0.178

0

1

0.322

EMR-C: Endoscopic mucosal resection with a cap; ESD: Endoscopic
submucosal dissection.

= 0.042). Vertical, lateral, and vertical and lateral
resection margin involvement did not differ between
groups (P = 0.864, P = 0.710, and P = 0.159,
respectively; Table 2). Indeterminate margin resection
rate did not differ between groups (P = 0.178). No
local recurrence or distant metastasis occurred during
the follow-up periods of cases of incomplete resection.
Rates of adverse events are shown in Table 2. All
bleeding was successfully controlled using coagulation.
There were significantly more adverse events in the
ESD group than in the EMR-C group (P = 0.044).
Lymphovascular invasion occurred in one case in the
ESD group.

Tumor sizes > 5 mm and ≤ 10 mm

Results of subgroup analysis of clinical outcomes
for both groups by tumor size > 5 mm and ≤ 10
mm are shown in Table 4. Patients in the EMR-C
group were significantly older than those in the ESD
group (P = 0.011). Although the size of the resected
specimen was significantly larger in the ESD group (P
= 0.004), tumor size was similar between groups (P
= 0.051). Resection time was significantly longer in
the ESD group (P < 0.001), and rates of endoscopic
complete resection were 100% in both groups. There
was not a significant difference in histologic complete
resection rate between groups (P = 0.524). Margin
involvement for both groups for this range of tumor
sizes is shown in Table 4. Vertical margin involvement
was 0% for both groups. Between-group differences in
lateral, vertical and lateral, and indeterminate margin
involvement were not significant (P = 0.979, P =
0.161 and P = 0.810, respectively; Table 4). Adverse
events occurred more frequently in the ESD group, but
there was not a significant difference between groups
[two cases of bleeding (6.5%) in the ESD group; no
adverse events in the EMR-C group (P = 0.161)].

Outcomes of EMR-C/ESD by tumor size

A subgroup analysis was performed for patients who
had small rectal NETs (≤ 10 mm in diameter). Of 116
lesions, 109 were ≤ 10 mm in diameter. Tumors ≤ 10
mm in diameter were further divided into two groups:
≤ 5 mm and 5-10 mm in diameter.

Tumor size ≤ 5 mm

Table 3 presents the results of subgroup analysis of
baseline characteristics for both groups by tumor size
≤ 5 mm. Mean diameters were similar between groups
(P = 0.158), but resection time was significantly longer
in the ESD group than in the EMR-C group (P < 0.001).
Rates of endoscopic complete resection were 100% in
both groups. Histologic complete resection rate did not
differ significantly between groups (P = 0.472). Margin
involvement for both groups is also given in Table
3. Adverse events occurred more frequently in the
ESD group, but there was not a significant difference
between groups [two cases of bleeding (15.4%) in the
ESD group; no adverse events in the EMR-C group (P
= 0.165)].

WJG|www.wjgnet.com

EMR-C
(n = 65)

DISCUSSION
The incidence of rectal NETs is increasing with the
number of screening colonoscopies, advances in
endoscope technology, and deeper understanding
of rectal NETs. Rectal NETs commonly appear as
[3,4]
submucosal lesions with yellowish mucosa . There
is still controversy about the treatment of rectal
NETs, and numerous treatment strategies have
[7]
been reported . The standard treatment for rectal
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Table 3 Baseline characteristics by tumor size n (%)
Size ≤ 5 mm (n = 63)

NET size

Age (yr), mean ± SD
Male gender
Follow up period (d),
mean ± SD
Specimen size (mm),
mean ± SD
Tumor size (mm),
mean ± SD
EUS measured size (mm),
mean ± SD

EMR-C
(n = 50)

ESD
(n = 13)

50.78 ± 9.45
33 (66.0)
714.1
± 489.29
10.05
± 2.21
3.9
± 0.95
4.44
± 1.31

45.85 ± 15.46
7 (53.8)
806.31
± 604.66
10.83
± 2.78
4.31
± 0.75
5.77
± 2.01

5 mm < size ≤ 10 mm (n = 46)

P value

EMR-C
(n = 15)

ESD
(n = 31)

0.151
0.417
0.567

57.4 ± 9.63
10 (66.7)
607.87
± 397.56
10.47
± 2.26
7.00
± 1.25
5.80
± 1.47

48.48 ± 11.04
21 (67.7)
710.9
± 403.00
13.14
± 3.68
7.87
± 1.43
7.03
± 5.80

0.287
0.158
0.005

P value
0.011
0.942
0.419
0.004
0.051
0.019

EMR-C: Endoscopic mucosal resection with a cap; ESD: Endoscopic submucosal dissection; EUS: Endoscopic ultrasound; NET: Neuroendocrine tumor.

Table 4 Clinical outcomes by tumor size n (%)
size ≤ 5 mm (n = 63)
EMR-C
(n = 50)
Procedure time (min), mean ± SD
Complication
Bleeding
Perforation
Endoscopic complete resection
Histologic complete resection
Vertical margin involvement
Lateral margin involvement
Vertical and Lateral margin involvement
Indeterminate margin
Vertical:lateral: Vertical and Lateral

3.94 ± 1.27
0
0
0
50 (100)
48 (96.0)
0 (0.0)
0 (0.0)
1 (2.0)
1 (2.0)
1:0:0

5 mm < size ≤ 10 mm (n = 46)

ESD
(n = 13)

P value

EMR-C
(n = 15)

12.52 ± 3.42
2 (15.4)
2 (15.4)
0
13 (100)
13 (100)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0:0:0

< 0.001
0.165

3.45 ± 0.60
0
0
0
15 (100)
12 (80.0)
0 (0.0)
1 (6.7)
0
2 (13.3)
1:1:0

0.472

0.614
0.614

ESD
(n = 31)

P value

14.96 ± 8.85
2 (6.5)
2 (6.5)
0
31 (100)
22 (71.0)
0 (0.0)
2 (6.5)
2 (6.5)
5 (16.1)
1:2:2

< 0.001
0.161

0.524
0.979
0.161
0.810

EMR-C: Endoscopic mucosal resection with a cap; ESD: Endoscopic submucosal dissection.

NETs < 10 mm in diameter is endoscopic resection;
appropriate therapies for lesions 10-19 mm in
diameter are endoscopic local resection, transanal
[7]
resection, or radical rectal resection . The European
Neuroendocrine Tumors Society has published
consensus guidelines for the management of patients
[11]
with colorectal neuroendocrine neoplasms . EUS can
be used to evaluate tumor size and depth of invasion,
and its accuracy in determination of depth of invasion
[12-14]
is high (91%-100%)
.
EMR has been widely used because of its simplicity
[15-17]
and low rate of adverse events
. However, rectal
NETs are located in the deep mucosal layer toward the
submucosal layer, so conventional EMR can result in
[18,19]
incomplete resection or local recurrence after EMR
.
Compared with conventional EMR, the advantage
of EMR-C is its low rate of positive tumor resection
[20,21]
margin
. ESD has advantages of higher en bloc
resection and more accurate pathologic evaluation,
but ESD requires great skill and experience and longer
time, and carries a risk of adverse events such as
[9]
perforation and bleeding . Compared with ESD, the
advantage of EMR-C is that it is simpler and less timeconsuming. EMR-C has several advantages over both
EMR and ESD. The tumor is elevated into the cap using
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suction, and the procedure can be safely and easily
performed in a short time and does not require special
endoscopic skill. This study demonstrated that EMR-C
was a simple and less time consuming endoscopic
procedure than ESD.
Previous studies of EMR-C reported complete
resection rates from 52.5% to 100%, but those
[9,10,20-25]
studies contained small numbers of patients
.
In our study, EMR-C was performed on 65 lesions, with
a complete resection rate of 92.3%. Interestingly, the
histologic complete resection rate was significantly
higher in the EMR-C group (92.3%) than in the ESD
group (78.4%) (P = 0.042). The rate of indeterminate
margin was higher in the ESD group (six cases,
11.8%) than in the EMR-C group (three cases, 4.6%).
Positive resection margins do not necessarily indicate
remnant tumor; rather, they may indicate cautery
[12,26]
damage during endoscopic resection
. The circular
resected margin of a tumor obtained using EMR-C
can remain undamaged, but during ESD, the use of
electrocautery during incision and dissection may
damage the tumor margins and explains the high rate
of pathologic incomplete resection in the ESD group.
More important is the endoscopic complete resection
rate. We followed up patients every six months for
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Innovations and breakthroughs

two years, and then yearly thereafter. We checked
general condition, computed tomography scans and
colonoscopy (or sigmoidoscopy) results. There was no
tumor recurrence in either group, including in patients
who had positive or indeterminate margins, during a
mean follow-up period of 720.91 d.
Lymphovascular invasion was found in one patient
with a 6-mm tumor treated with ESD. Although
metastatic involvement of tumors < 10 mm occurs in
[1,5,6,26,27]
about 0%-10% of cases
, endoscopic treatment
[28]
is acceptable for small rectal NETs. Konishi et al
reported an incidence of lymph node metastasis
as high as 7% in rectal NETs ≤ 10 mm treated
with radical resection. Our study demonstrated a
rate of metastasis of 0.92% (one of 109 patients).
This patient with lymphovascular invasion required
additional surgical therapy.
In cases of tumors ≤ 5 mm in size, endoscopic and
histologic complete resections were 100% and 96.0%,
respectively, for the EMR-C group, and there were no
adverse events. In cases of 5 < tumor diameter ≤ 10
mm, endoscopic and histologic complete resections
were 100% and 80.0%, respectively, for the EMR-C
group, without adverse events. These results are
similar to those of ESD, suggesting that EMR-C is
not inferior to ESD for resecting small NETs. There
is a theoretical possibility that perforation due to
insufficient submucosal injection or too much suction
could cause adverse events in EMR-C. However,
because appropriate suction was used in our study, no
perforation occurred.
This study has some limitations. Firstly, this is a
retrospective, single-center study. Secondly, the study
was not randomized. EUS was performed before
resection, so the procedure was performed according
to the endoscopist’s preference. Large prospective,
randomized, controlled studies will be necessary to
validate our results.
In conclusion, EMR-C may be feasible for the
resection of rectal NETs because it is technically
easier and less time-consuming than ESD. This study
also suggests that rates of endoscopic and histologic
complete resection without adverse events were high
in EMR-C for treating rectal NETs.

Endoscopic complete resection rate was 100% in both groups. Histologic
complete resection rate was significantly greater in the EMR-C group than
in the ESD group. The study demonstrates the rate of histologic complete
resection of EMR-C to be superior to that of ESD because the circumferential
tumor-resection margin treated in EMR-C will be undamaged.

Applications

EMR-C is feasible for the resection of rectal NETs because it is technically
easier and less time-consuming than ESD. These results will provide important
information to select a treatment strategy for patients with small rectal NETs.

Terminology

EMR-C is an endoscopic procedure for cutting the submucosal layer by lifting
the mucosa with saline injection, followed by aspirating the lesion into a
transparent cap.

Peer-review

The authors concluded that EMR-C may be simple, faster, and more effective
than ESD in removing rectal NETs and may be preferable for resection of small
rectal NETs. The paper is well written and brings forward some new information.
The experience the authors shared in this manuscript is beneficial for further
study in this field.
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Abstract
AIM: To evaluate a different decision tree for safe liver
resection and verify its efficiency.

Institutional review board statement: The study was reviewed
and approved by the PLA General Hospital Institutional Review
Board.

METHODS: A total of 2457 patients underwent
hepatic resection between January 2004 and December
2010 at the Chinese PLA General Hospital, and 634
hepatocellular carcinoma (HCC) patients were eligible
for the final analyses. Post-hepatectomy liver failure
(PHLF) was identified by the association of prothrombin
time < 50% and serum bilirubin > 50 μmol/L (the
“50-50” criteria), which were assessed at day 5
postoperatively or later. The Swiss-Clavien decision
tree, Tokyo University-Makuuchi decision tree, and
Chinese consensus decision tree were adopted to divide
patients into two groups based on those decision trees
in sequence, and the PHLF rates were recorded.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: The authors declare no
conflicting interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: The overall mortality and PHLF rate were
0.16% and 3.0%. A total of 19 patients experienced
PHLF. The numbers of patients to whom the SwissClavien, Tokyo University-Makuuchi, and Chinese
consensus decision trees were applied were 581, 573,
and 622, and the PHLF rates were 2.75%, 2.62%, and
2.73%, respectively. Significantly more cases satisfied
the Chinese consensus decision tree than the Swiss-
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Clavien decision tree and Tokyo University-Makuuchi
decision tree (P < 0.01，P < 0.01); nevertheless, the
latter two shared no difference (P = 0.147). The PHLF
rate exhibited no significant difference with respect to
the three decision trees.

of post-hepatectomy mortality. As the mortality
rate after hepatectomy significantly decreases, it
becomes an important indicator for evaluating the
effect of hepatectomy. Based on the actual situations
of patients, certain high-volume centers have created
complete and effective management strategies
and decision trees for safe hepatectomy. Professor
Makuuchi proposed the University of Tokyo standard
[9]
for hepatectomy , and Professor Clavien established
the Swiss criteria for safe liver resection.
Advances in liver surgery have reduced blood loss
and have led to a decline in morbidity and mortality.
However, the mortality rate in extended liver resection,
the rate of curative resection for liver malignancies,
and postoperative long-term survival remain far
from satisfactory. Therefore, we hope the concept of
precision will help propel liver surgery into a brand new
era. Precise liver surgery has become an important
[10,11]
direction of development
.
Due to limitations based on the characteristics of
the local population and the available background
information, there is no single decision tree for
hepatectomy based on the Chinese population. Thus,
based on past experience and data, we propose a
Chinese decision tree system for hepatectomy.
This study aims to compare the incidence rate
of postoperative hepatic failure according to the
aforementioned three decision-making systems
for hepatectomy with respect to the patients with
hepatocellular carcinoma in a single center to identify
the best decision tree for safe hepatectomies.

CONCLUSION: The Chinese consensus decision
tree expands the indications for hepatic resection for
HCC patients and does not increase the PHLF rate
compared to the Swiss-Clavien and Tokyo UniversityMakuuchi decision trees. It would be a safe and
effective algorithm for hepatectomy in patients with
hepatocellular carcinoma.
Key words: Hepatectomy; Liver failure; Decision tree
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We have established a decision tree for
safe hepatectomy based on four variables: normal
or cirrhotic liver, Child-Turcotte-Pugh score, the
indocyanine green retention rate at 15 min, and the
ratio of reserved functional liver volume to standard
liver volume. Post-hepatectomy liver failure (PHLF) has
been identified by the “50-50” criteria. The Chinese
consensus decision tree expands the indications for
hepatic resection for liver tumor and does not increase
the PHLF rate compared to the Swiss-Clavien and
Tokyo University-Makuuchi decision trees. The Chinese
consensus decision tree would be a safe and effective
algorithm for hepatectomy in patients with liver tumor.

MATERIALS AND METHODS

Wang XQ, Liu Z, Lv WP, Luo Y, Yang GY, Li CH, Meng XF,
Liu Y, Xu KS, Dong JH. Safety validation of decision trees
for hepatocellular carcinoma. World J Gastroenterol 2015;
21(31): 9394-9402 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9394.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9394

From January of 2004 to December of 2010, we
selected 2457 cases of hepatectomy with indocyanine
green (ICG) records at the People’s Liberation Army
General Hospital. The inclusion criteria were: (1)
complete biochemical data during the perioperative
period; (2) availability of preoperative enhanced helical
computed tomography (CT) or enhanced magnetic
resonance imaging (MRI) data (.dcm format); (3)
pathologically confirmed hepatocellular carcinoma; and
(4) initial hepatectomy. The exclusion criteria were: (1)
INR-negative postoperative blood test; (2) concurrent
additional pathological diagnosis; (3) no raw image
data (digital format); (4) preoperative bilirubin
> 50 μmol/L (2.9 mg/dL); and (5) perioperative
period bleeding > 1500 mL. Altogether, 634 cases of
hepatectomy were incorporated into this study.
We adopted a standardized procedure for the
preoperative patient evaluation and hepatectomy.
All patients underwent complete questioning about
their medical history and a physical examination.
For patients over 65 years old and patients with
complications and other surgical risks, we performed
a complete evaluation of heart and lung function.
Before the surgery, we conducted a complete imaging
examination. We reviewed the cases and imaging data

INTRODUCTION
Hepatectomy and liver transplantation are two curative
treatments for liver tumors. Liver transplantation
[1,2]
donations are far fewer than the demand in China .
Hepatectomy is the preferred approach to treating
malignant liver cancer. It is a complicated surgery
accompanied by high morbidity and mortality,
especially for patients with cirrhosis undergoing
major hepatectomy. With improvements in technique
and peri-operative management, the mortality and
complication rates have significantly decreased. Recent
studies indicate that the hospital mortality rate is lower
[3-8]
than 1%, even approaching zero mortality .
However, post-hepatectomy complications, espe
cially hepatic failure, are still dreadful complications for
the surgeon. The incidence rate of hepatic failure is
approximately 0%-32% and accounts for 50%-75%

WJG|www.wjgnet.com

9395

August 21, 2015|Volume 21|Issue 31|

Wang XQ et al . Safety validation of decision trees
Ascites

None or controlled

Not controlled

Total bilirubin level

Normal

1.1-1.5 mg/dL

1.6-1.9 mg/dL

ICGR15

Limited resection

Enucleation

Normal

10%-19%

20%-29%

Trisectorectomy
Bisectorectomy

Left-sided hepatectomy
Right-sided sectorectomy

Segmentectomy

≥ 2.0 mg/dL

Not indicated for hepatectomy

30%-39%

Limited resection

≥ 40%

Enucleation

Figure 1 Makuuchi decision tree for a safe hepatectomy.

Calculation of the relevant liver volume with threedimensional reconstruction

and found the necessary content, and we re-inspected
cases with missing data. Most cases were treated by
the surgical approach of anatomical hepatectomy.
For cases that required hepatic portal occlusion, we
usually adopted the Pringle approach. Since 2008,
some cases involved hepatectomy performed under
the simple condition of portal vein occlusion. During
the hepatectomy, we adopted a low central venous
pressure (< 5 mmHg) and the Trendelenburg position,
and a conventional abdominal drainage tube was
placed.
When reviewing the cases, the examined pre
operative factors included gender, age, preoperative
comorbidities, esophageal and gastric varices, and
routine preoperative examinations of biochemical
meridians, blood, and blood clotting. We recorded the
15-min retention rate (ICGR15) of the indocyanine
green excretion test, the Child-Turcotte-Pugh score,
and the MELD score. The surgical factors included the
recorded surgical time, the type of surgery, tumor size,
the amount of bleeding, blood transfusion status, and
the intra-operative occlusion method and time.
We recorded the postoperative incidence of hepatic
failure, postoperative complication, and mortality.
Postoperative hepatic failure was defined based on
the 50-50 criteria; that is, four days after the surgery,
the total bilirubin was > 50 μmol/L (2.9 mg/dL), and
[12]
the prothrombin ratio was < 50% (INR > 1.7) .
Postoperative mortality was defined as mortality
during surgery and the hospital stay. Postoperative
ascites was diagnosed for patients who, after surgery,
experienced more than 2 L of drainage for three
consecutive days, needed a puncture drain again after
the peritoneal drainage tube was removed, or had
a postoperative hospital duration of more than 30 d
because of persistent ascites. Intra-abdominal infection
was defined as a positive bacteria culture from the
drainage. Postoperative bile leakage was defined as
a bilirubin level over 85.5 μmol/L in the postoperative
[13]
drainage for seven consecutive days (5.0 mg/dL) .
WJG|www.wjgnet.com

The liver volume was measured using three-dimen
sional reconstruction software (EDDA Company, United
States) to reconstruct three-dimensional liver images
based on enhanced thin CT or MRI scanning. Then, the
volume of each liver segment was calculated based on
the voxel principle, and the segmentation and surgical
planning for the scope of surgery was completed. The
[14-16]
error was 5%-8%
.
The standardized liver volume is relatively stable in
adults in a physiological state, and its size depends on
the human’s body surface area (BSA), which depends
on the height and weight of the human body. The ideal
liver volume for the normal human body has sufficient
reserve function and compensatory potential in the
healthy state.
BSA is calculated according to the DuBois formula:
2
BSA (m ) = weight (kg) 0.425 × height (cm) 0.725 ×
0.007184.
We adopted the adult standard liver volume
[17]
formula established by Urata et al
from the Uni
versity of Tokyo in Japan: standard liver volume (SLV)
2
2
(m ) = 706.2 × BSA (m ) + 2.4.
Whole liver volume = reserved liver volume + prehepatic resection liver volume:
Standardized residual liver volume ratio = reserved
liver volume/standard liver volume × 100%.

Decision trees for hepatectomy

In this study, we compared the Makuuchi decision tree
(Figure 1), the Clavien decision tree (Figures 2 and
3), and the Chinese consensus decision tree (Figure
4), which are grouped. For each group, we compared
the indication for hepatectomy and the incidence rate
of hepatic failure. Professor Makuuchi from Japan
replaced the Child-Pugh score with two parameters:
whether ascites can be controlled and the total plasma
bilirubin level, which is used as an index for assessing
[9]
the hepatic functional reserve . We adopted the
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Normal liver

Potential liver remnant
> 30% volume

Yes

No

Portal-vein embolization

Potential liver remnant
> 30% volume

Resection

Yes

No

No resection

Figure 2 Clavien decision tree for safe hepatectomy in a normal liver.

Cirrhotic liver

Child-Turcotte-Pugh
score of B or C

Child-Turcotte-Pugh
score of A
Portal hypertension

No

Yes

Potential liver remnant
> 50% volume

Yes

No

Retention of ICG at 15 min

< 14%

14%-20%

> 20%

Portal-vein embolization

Potential liver remnant
> 50% volume

Resection

Yes

No

No resection

Figure 3 Decision tree from the University of Zurich for the individual evaluation of hepatectomy for a cirrhotic liver.

ICGR15 to determine the specific surgical approach for
the hepatectomy.
By combining the parameters of cirrhosis incidence,
Child-Pugh score, portal hypertension, and ICG-R15,
Professor Clavien of Switzerland determined the
[18]
corresponding safe extent of hepatectomy .

WJG|www.wjgnet.com

Based on four indexes, namely, cirrhosis, the
Child-Pugh score, the 15-min retention rate of
indocyanine green (ICGR15), and the standardized
residual liver volume rate, we established a decision
tree for hepatectomy, termed the Chinese consensus
[10]
system .
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Normal liver

Cirrhotic liver

Child-Turcotte-Pugh A

Child-Turcotte-Pugh B

Child-Turcotte-Pugh C

ICG-R15

R/S > 20%

< 10%

10%-20%

21%-30%

31%-40%

R/S > 40%

R/S > 60%

R/S > 80%

Limited resection

> 40%

Enucleation

No resection

R = Reserved functional liver volume (RFLV)
S = Standard liver volume (SLV)

Figure 4 Chinese consensus decision tree for the individual evaluation of the safe extent of hepatectomy.

the Department of Hepatobiliary Surgery of People’s
Liberation Army General Hospital were included in the
study. There were 502 male patients and 132 female
patents; the average age was 51.8 years (12.4) (Table
1). There were 452 cases of hepatitis B, 34 cases of
hepatitis C, and 25 cases of concurrent hepatitis B and
hepatitis C. Additionally, there were 123 cases without
infection, 78 cases with portal hypertension, and 34
cases with preoperative TACE. The cases with ICGR15
< 10%, 10%-20%, 20%-30%, 30%-40%, and >
40% were 545 (86.8%), 69 (10.9%), 8 (1.3%), 6
(0.9%), and 6 (0.9%), respectively. The postoperative
pathology confirmed that 419 patients had cirrhosis.
There were 629 cases (99.2%) with Child-Pugh grade
A and five cases (0.8%) with Child-Pugh grade B, and
the mean MELD score was 8.4 ± 1.5 (Table 2).
Among the cases of hepatectomy, there were 119
(18.8%) cases of major hepatectomy (not less than
three segments), 90 (14.2%) cases with resection
of two segments, 163 cases (25.7%) with resection
of one segment, and 262 cases (41.3%) with limited
hepatectomy and sub-segmental hepatectomy. The
surgery time was 251 ± 52.1 min, and the surgical
blood loss was 438 ± 559.7 mL. There were 142 cases
(22.4%) with intra-operative blood transfusion. The
adopted occlusion method was the Pringle approach,
simple portal vein occlusion, and no occlusion in
392 (61.8%), 30 (4.7%), and 202 (33.4%) cases,
respectively. The average block time was 20 ± 11.2
min (Table 3).
The postoperative mortality for these patents
was 0.16% (1/634). In one case, the patient died of
hepatic failure after surgery. The overall complication
rate was 44.9% (Table 4). In 19 cases, the patients
suffered hepatic failure after surgery. In 40 cases,
there was postoperative bile leakage. In seven cases,
the patients suffered postoperative bleeding. In four

Table 1 Basic information on the study population
n (%)

Factors
Age (yr), mean (SD)
Age > 65 yr
Male
ICG R15
< 10%
10%-20%
20%-30%
30%-40%
> 40%
Hepatitis serology
Hepatitis B
Hepatitis C
Hepatitis B and C
Negative or not determined
Cirrhosis
Portal vein hypertention

51.8 (12.4)
102 (15.1)
502 (79.2)
545 (86.8)
69 (10.9)
8 (1.3)
6 (0.9)
6 (0.9)
452 (71.3)
34 (5.4)
25 (3.9)
123 (19.4)
479 (75.5)
78 (12.3)

ICG R15: Indocyanine green retention rate at 15 min.

Statistical analysis

We retrospectively collected and recorded the
preoperative, intra-operative, and postoperative data.
2
The classification variables were evaluated using a χ
or Fisher’s exact test, and the continuous variables
were compared using a t-test or Mann-Whitney
test. We performed logistic regression analysis to
evaluate hepatic failure, mortality, or the risk factors of
complications after hepatectomy. We defined P < 0.05
as indicating a significant difference. We used SPSS
20.0 software for the statistical analysis.

RESULTS
General information

From January 2004 to December 2010, 634 cases
of hepatectomy due to hepatocellular carcinoma at

WJG|www.wjgnet.com
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Table 2 Preoperative biochemical indices and ratings n (%)

Table 4 Postoperative complications of hepatectomy

Serum albumin (g/L)
Platelet count (103/mm3)
Serum creatinine (μmol/L)
Serum total bilirubin (μmol/L)
Serum total bilirubin (μmol/L)
Serum sodium (mmol/L)
INR, mean (SD)
CTP score
Class A
Class B
MELD score, mean (SD)
Tumor size (cm)

Overall morbidity
Surgical morbidity
Posthepatectomy liver failure
Biliary leakage
Posthepatectomy hemorrhage
Perihepatic abscess
Wound infection
Cholangitis
Pleural effusion
Portal vein thrombosis
Medical morbidity
Respiratory insufficiency/failure
Renal failure
Pneumonia
Cardiac arrhythmia
Pulmonary embolism
Cardiac failure
Myocardial infarction
Relaparotomy

41.1 (4.0)
178.6 (75.1)
67.7 (14.0)
6.3 (14.2)
142.0 (2.8)
1.04 (0.10)
629 (98.2)
5 (0.8)
8.4 (1.5)
7.4 (4.9)

Tumor size: The largest diameter of tumor, even for multiple lesions; CTP
score: Child-Turcotte-Pugh score; MELD score: Model for End-stage Liver
Disease score.

Table 3 Relevant surgical indices n (%)
Operating time (min)
Porta hepatis clamping time (min)
Estimated blood loss (mL)
Extent of hepatectomy
Subsegmentectomy or limited resection
Segmentectomy
Bisegmentectomy
Major hepatectomy (3 or more segments)
Intraoperative RBC transfusion
Yes
No
Blocking methods
Portal vein blocking
Pringle maneuver
No

251 (52)
20 (11.2)
438 (559.7)

19%
40%
7%
22%
42%
5%
62%
3%
12%
6%
28%
20%
2%
8%
5%
4%

Table 5 Postoperative liver failure rate according to criteria

262 (41.3)
163 (5.7)
90 (14.2)
119 (18.8)
142 (22.4)
492 (77.6)

Criteria

Yes

No

Swiss
Japan
Chinese

2.75%
2.62%
2.73%

5.66%
6.56%
16.67%

carcinoma also have cirrhosis; therefore, reducing the
risk of hepatectomy with cirrhosis has always been
a focus of hepatectomy. Hepatectomy has always
been affected by the range of surgical options due to
its complexity, high surgery morbidity, and mortality.
In the past several decades, due to increasing
improvements in liver surgery techniques and careful
treatment during the perioperative period, the hospital
mortality rate for hepatectomy has decreased, the
safety of the surgery has increased, and the indications
for hepatectomy have expanded.
In China, hepatectomy is the primary method for
treating hepatocellular carcinoma. With improvements
in both technology and the treatment capabilities
during the perioperative period, the mortality and
complication rates of hepatectomy have significantly
declined, and the hospital mortality of this study
is 0.16%, which is similar to that of our previous
[19]
studies . The indications for surgery have gradually
expanded. However, hepatic failure after hepatectomy
still has a relatively high incidence rate and accounts
[20]
for 18%-75% of postoperative deaths .
The decision-making system for hepatectomy
consists of decision trees for hepatectomy proposed
by individual centers based on scientific theory and
[3,4,9,10,18,21,22]
practical experience
. At present, the
primary decision-making systems are based on the
following three decision-making systems: the Makuuchi
decision-making system of Japan, the Clavien system,
and the Chinese consensus decision-making system
for hepatectomies.
The Makuuchi decision-making system was gene

30 (4.7)
392 (61.8)
212 (33.4)

RBC: Red blood cells.

cases, the patients suffered reoperation-related
complications. In 62 cases, the patients suffered
pleural effusion or thoracic puncture and drainage.
The numbers of cases satisfying the Makuuchi
decision tree of the University of Tokyo, the Clavien
decision tree of the University of Zurich, and the
Chinese consensus decision tree were 573, 581, and
622, respectively. The incidence of hepatic failure
in these groups was 2.62%, 2.75%, and 2.73%,
respectively. Meanwhile, the incidences of hepatic
failure in cases outside the decision tree were 5.66%,
6.56%, and 16.67%, respectively (Table 5).
The multivariate analysis indicates that liver
cirrhosis, abdominal infection, major hepatectomy,
and total hospital days are related to hepatic failure
after hepatectomy (Table 6). Therefore, this analysis
demonstrates that liver cirrhosis, abdominal infection,
and major hepatectomy are the main factors that
affect hepatic failure. The total hospital duration of the
patients with hepatic failure is significantly prolonged.

DISCUSSION
Hepatitis B is an epidemic disease in China. Appro
ximately 85% (or more) of patients with hepatocellular

WJG|www.wjgnet.com
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hospital time, and survival rate regardless of whether
[26-30]
they also have portal hypertension
. Italian
scholars also suggested that the clinical situation in
which the cirrhosis patients have portal hypertension
should be viewed as an absolute contraindication for
hepatectomy; for patients with Child-Pugh grade A,
the short-term and long-term postoperative effects
are similar to the effects in patients with normal portal
vein pressure.
Based on the characteristics of hepatectomy for
the Chinese population, hepatocellular carcinoma,
and the fact that the theory and practice of other
decision trees are not suitable for China and its
surgical conditions, we established the Chinese con
sensus decision tree. The safe resection extent for
hepatectomy is established according to the proportion
of reserved liver volume relative to the liver volume
of the patient. Among patients with liver disease, the
liver volume differs considerably, and the function of
different parts of the liver also differs. Therefore, it
is inaccurate to set the safe amount of reserved liver
volume according to the proportion of diseased liver
volume. Moreover, it is also very difficult to generally
set the safe limit of resection with pen and paper using
the same percentage of reserved liver volume without
considering the degree to which the liver function
is impaired. There is no specification regarding the
extent of hepatectomy when less than 50% of the liver
will remain.
Applying the minimum residual liver volume or
the necessary functional liver volume and SLV is a
relatively reliable method for setting the safe limit of
hepatectomy. We selected liver parenchymal disease,
Child-Pugh score, and ICGR-15 as the assessment
standards to classify the reserved hepatic function. The
ratio (F/S) between EFLV and SLV is used to set the
safe extent of hepatectomy and to establish a decision
tree for the individual evaluation of the safe limit of
hepatectomy.
Liver volume analysis is the most important
determinant factor for whether hepatectomy or liver
transplantation is selected to treat liver cancer. The
maximum resectable volume of liver depends on the
liver function. In the People’s Liberation Army General
Hospital, conventionally, the preoperative liver volume
is calculated using enhanced CT, and liver function is
estimated through the indocyanine green retention
test before every hepatectomy. The equilibrium
between the range of hepatectomy and liver function
is closely related to postoperative complications and
[25,31]
mortality
. The range of hepatectomy can usually
be evaluated through the CT volume analysis of the
relevant liver segment. This detailed information is
helpful for making the most reasonable decision about
the hepatectomy. The CT volume analysis can be
implemented in 2D or 3D. Our 3D analysis adopts the
[32]
principle of basin analysis . According to each portal
vein or hepatic venous system, we accurately analyze
the range of each segment and then calculate the liver

Table 6 Multivariate logistic analysis of hepatic failure
Variables in the equation
Liver cirrhosis
Bile leakage
Ascites
Abdominal infection
Major hepatectomy
Bleeding
Height (cm)
Weight (kg)
HB (g/dL)
BSA (m2)
BMI (kg/m2)
Kmin
ICGR15
T12 (min)
EHBF (L/min)
Total hospital duration

Sig.
0.009
0.199
0.184
0.014
0.006
0.878
0.710
0.361
0.819
0.384
0.733
0.356
0.510
0.617
0.472
0.017

rated in the late 1990s, when the mortality rate of
hepatectomy was approximately 10%, which is much
higher than the current level. At present, the mortality
[20,23,24]
rate is lower than 1%
. Therefore, the safety
of hepatectomy was the main problem confronted
by hepatobiliary surgery at that time. From the
perspective of safety, Professor Makuuchi proposed the
decision tree for hepatectomy according to the existing
data and clinical experience. In the subsequent 1245
hepatectomies, there were no reported deaths, which
confirmed that the safety of this decision tree is very
[4,8]
good . However, it appears to be too general to
assume that patients with ICG-R15 > 40% can still
undergo liver surgery. It is not sufficiently accurate
to use the type of hepatectomy surgery and the
amount of resectable liver segment to characterize
the safe limit of hepatectomy. For example, for an
individual patient with cirrhosis, right hepatic atrophy,
and left liver enlargement as well as good hepatic
function reserve, it is safe to perform regular right
hemihepatectomy, whereas it is dangerous to perform
regular left hemihepatectomy. Moreover, in this
standard, whether ascites can be controlled and the
Child-Pugh score be replaced with the bilirubin level
seem to be crude determinants.
In contrast with Asian experiences, European
experts believe that a clinical situation with a ChildPugh score above grade B, portal hypertension, and
ICG-R15 > 20% is a contraindication for hepatectomy.
The Zurich decision tree is based on the assumption
that for a normal liver, a safe hepatectomy can only
be performed if the residual liver volume (potential
liver volume) exceeds 30% of the functional liver
volume (Total liver volume-Tumor Volume), and it is
also safe to achieve this index through preoperative
portal vein embolization. However, many cases in
which the hepatectomy can be performed safely miss
[25]
this cut-off . Previous study confirmed that cirrhosis
patients have the same preoperative index, evolution
process during the perioperative period, incidence rate
of postoperative hepatic failure, complication rate,
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accepted criteria for safe liver resection and verify its efficiency in a large
Chinese cohort.

volume.
Because the 50-50 criteria are indices for evaluating
hepatic failure after hepatectomy for patients with a
normal bilirubin range, this study excluded patients
with hepatocellular carcinoma and preoperative jaundice
(with total bilirubin > 50 mmol/L). Blood transfusions
during the perioperative period will certainly affect the
bilirubin level. In the original experiment, we excluded
patients with an intra-operative blood transfusion when
[33]
evaluating the 50-50 criteria . However, according
to previous studies and our experience, we believe
that the likelihood that a blood transfusion in the
perioperative period affects postoperative bilirubin
and coagulation is very small; therefore, in this study,
we did not exclude the relevant cases with blood
transfusion.
Our studies indicate that the numbers of cases that
satisfy the Makuuchi decision tree of the University
of Tokyo, the Clavien decision tree of the University
of Zurich, and the Chinese consensus decision tree
were 573, 581, and 622, respectively, and the
corresponding incidence of hepatic failure was 2.62%,
2.75%, and 2.73%, respectively. The incidence of
hepatic failure in cases that did not satisfy the decision
tree was 5.66%, 6.56%, and 16.67%, respectively.
In comparison with the Makuuchi decision system of
Japan and the Clavien system, the Chinese consensus
decision tree expands the indications for hepatectomy
without significantly increasing the incidence of hepatic
failure after hepatectomy and is a safe and effective
decision tree.
The multivariate analysis indicates that liver cirrho
sis, abdominal infection, major hepatectomy, and total
hospital duration are related to hepatic failure after
hepatectomy and thus indicates that liver cirrhosis,
abdominal infection, and major hepatectomy are
the main factors that affect hepatic failure. The total
hospital duration for patients with hepatic failure
is significantly prolonged, which is consistent with
previous research findings.
In summary, this study indicates that, in comparison
with the Makuuchi decision tree of the University of
Tokyo and the Clavien decision tree of the University
of Zurich, the Chinese consensus decision tree can
expand the scope of hepatectomy without significantly
increasing the incidence of postoperative hepatic failure
and that it is a safe and effective decision tree. Liver
cirrhosis, abdominal infection, and major hepatectomy
are the main factors that affect hepatic failure after
hepatectomy.

Innovations and breakthroughs

In this study, the authors established a decision tree for safe hepatectomy
based on four variables: normal or cirrhotic liver, the Child-Turcotte-Pugh
score, the indocyanine green retention rate at 15 min, and the ratio of reserved
functional liver volume to standard liver volume. They proved that the Chinese
consensus decision tree expands the indications for hepatic resection for HCC
patients and does not increase the PHLF rate compared to the Swiss-Clavien
and Tokyo University-Makuuchi decision trees.

Applications

The Chinese consensus decision tree seems to be a safe and effective
guideline for hepatectomy in patients with hepatocellular carcinoma.

Peer-review

PHLF is the most dreadful complication and it has many different definitions. In
future, it may need to test those in a prospective study. In this large population,
retrospective study, they proved the efficiency of the new criteria in elective
patients. It is beneficial for elective hepatocellular carcinoma patients.
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Abstract
AIM: To determine the relationship between CD11c
expression level and prognosis in patients with gastric
cancer (GC).
METHODS: This retrospective survival study was
performed from July 31, 2008 to June 30, 2014. Our
study inclusion criteria included all the patients with
GC who underwent surgical resection between January
1998 and December 2009 in the Third Affiliated
Hospital of Soochow University. CD11c expression
levels in 140 patients with GC at different UICC stages
were evaluated using immunohistochemistry, and GC
tissues from 16 cases were further verified by qRT2
PCR. The χ test was used to compare the patientand disease-related factors between the low CD11c
expression group and the high expression group.
Univariate probabilities of overall survival (OS) and
disease-free survival (DFS) were assessed using the
Kaplan-Meier method. The log rank test was used to
compare survival curves. Different multivariate COX
models were used to estimate the association between
CD11c expression and both death and recurrence risk
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in GC patients.

INTRODUCTION

RESULTS: The average CD11c expression level was 5.1
± 1.8/high power field (HPF) in 10 gastritis samples, 4.5
± 2.3/HPF in 10 gastric polyp samples and 9.7 ± 6.3/
HPF in 140 gastric cancer samples, respectively. The
CD11c expression level was significantly decreased from
UICC stage Ⅰ to stage Ⅳ (stage Ⅰ: 16.0 ± 7.4, stage Ⅱ:
10.4 ± 5.5, stage Ⅲ: 9.4 ± 6.1, stage Ⅳ: 5.3 ± 3.2, P
< 0.001). Patients in the high CD11c expression group
had a greater 3- and 5-year OS probability and longer
median survival time compared with the low CD11c
expression group, (67.7% vs 39.2%; 51.4% vs 29.0%;
2
67.0 mo vs 28.0 mo; χ = 6.80, P = 0.009), and had
a greater 3- and 5-year DFS probability and longer
median DFS time (63.7% vs 24.0%; 49.1% vs 11.9%;
2
64.0 mo vs 18.0 mo; χ = 15.39, P < 0.001). Patients
with high CD11c high expression had a reduced risk
of death (HR = 0.56, 95%CI: 0.33-0.98, P < 0.05)
and relapse (HR = 0.39, 95%CI: 0.23-0.67, P < 0.01)
compared with patients with low CD11c expression
after adjustment of potential confounders, with the
exception of tumor size. However, the protective effect
related to death (HR = 0.90, 95%CI: 0.49-1.67, P =
0.749) and relapse (HR = 0.65, 95%CI: 0.36-1.19, P =
0.160) disappeared when tumor size was incorporated
into the model.

Throughout the history of human civilization, cancer
has been a major health problem. As one of the most
common malignancies, gastric cancer (GC) remains
the second leading cause of cancer-related death
worldwide. Over 70% of new cases and deaths are
[1]
observed in developing countries . In China, GC
has the second highest incidence among commonly
[2]
diagnosed cancers . Currently, the prevalence of GC is
high and a large number of patients are first diagnosed
in the advanced stages. Despite the availability of
several anticancer drugs and treatments, GC cannot be
cured, especially in the late stages, without exhibiting
side effects, and the prognosis of these patients in the
[3,4]
late stages is poor .
Dendritic cells (DCs) exhibit a strong capacity to
receive and integrate innate and adaptive immune
signals. In general, DCs are divided into myeloid-,
[5-7]
plasmacytoid-, and monocyte-associated DCs
.
Several studies have determined the relationship
between immune cell inﬁltration and tumor pro
gression in various cancers, and tumor-inﬁltrating
mature DCs are associated with a favorable prognosis,
but immature DCs are not associated with a favorable
[8,9]
prognosis . Therefore, they are regarded as key
antigen-presenting cells (APCs), which are crucial
in the enhancement and regulation of cell-mediated
immune responses, and DCs play an important role
[10,11]
in most cancers
. As a member of the adhesion
molecule integrin family β2, CD11c is over-expressed
in myeloid- and monocyte-associated DCs, and the
expression of CD11c has been observed in NK cells,
macrophages and even some activated B and T
[12]
cells . Currently, there are few clinical data available
on the impact of CD11c expression level in the tumor
microenvironment on the prognosis of patients with
GC. In the present study, we aimed to determine the
relationship between CD11c expression in the tumor
and the progression of GC.

CONCLUSION: High expression of CD11c decreased
the risk of death and relapse, and may be regarded
as an alternative indicator of favorable prognosis in
patients with GC.
Key words: CD11c; Gastric cancer; Dendritic cell; Tumor
microenvironment
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The progression of gastric cancer is closely
related to the tumor microenvironment. In the present
study, we found that CD11c expression level sign
ificantly decreased from UICC stage Ⅰ to stage Ⅳ, and
patients with high CD11c expression had a reduced
risk of death and relapse compared with patients with
low CD11c expression after adjustment of potential
confounders, with the exception of tumor size. Based
on our research, we suggest that high expression of
CD11c decreased the risk of death and relapse and may
act as an indicator of favorable prognosis in patients
with gastric cancer.

MATERIALS AND METHODS
Patients

The study inclusion criteria included all the pa
tients with GC who underwent surgical resection
between January 1998 and December 2009 in the
Third Affiliated Hospital of Soochow University,
Changzhou, China. None of the subjects had received
chemotherapy or radiotherapy before surgery. A total
of 202 patients were enrolled; however, 62 patients
were excluded due to lack of pathological specimen,
failed assessment of CD11c scores or loss to followup at the early stage of the study, resulting in 140
participants in the final study population. The tumor
stages were determined using the International Union
[13]
against Cancer Staging System .
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in patients with gastric cancer. World J Gastroenterol 2015;
21(31): 9403-9412 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9403.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9403
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Table 1 Primer sequences used in this study
Gene
CD11c
GAPDH

Forward primer sequence (5'→3')

Reverse primer sequence (5'→3')

GGGATGCCGCCAAAATTCTC
GGAAGGTGAAGGTCGGAGTC

ATTGCATAGCGGATGATGCCT
CGTTCTCAGCCTTGACGGT

Data collection

RNA isolation and quantitative real time-PCR analysis

Demographics and clinical data were obtained by
reviewing the medical records. All the patients were
followed up yearly from July 31, 2008 to June 30,
2014.

Total RNA was extracted from different gastric cancer
tissues using TRIzol reagent (Invitrogen Company,
St. Louis, MO, United States). The RNA quality was
evaluated according to the absorbance at a wavelength
of 260/280 nm. Subsequently, purified RNA was
reversely transcribed into cDNA using a high-capacity
cDNA reverse transcription kit (Applied Biosystems,
Foster City, CA, United States). Table 1 lists the
sequences of all primers used in the present study. The
CD11c expression at the mRNA level was evaluated
®
using a 7500 Real-Time PCR System with SYBR Green
PCR Master Mix (Applied Biosystems). GAPDH was
selected as a housekeeping gene. The CD11c expression
was normalized to the level of the housekeeping gene
ΔΔ
and analyzed using the comparative CT method (2- CT
method).

Study endpoints

Primary endpoints were overall survival (OS) and
disease-free survival (DFS). OS was defined as the
time from registration until death from any cause,
and DFS was defined as the time from randomization
until recurrence of tumor or death from any cause.
Surviving patients were censored on June 30, 2014.

Immunohistochemistry

Formalin-fixed and paraffin-embedded tissues were cut
into 3-μm-thick sections, de-waxed in xylene and then
progressively rehydrated by gradient concentrations
of ethanol. Antigens were retrieved by heating the
tissue sections at 100 ℃ for 30 min in citrate solution
(10 mmol/L, pH 6.0). The sections were cooled and
immersed in methanol in the presence of 0.3%
hydrogen peroxide for 15 min to block the endogenous
peroxidase activity. The sections were subsequently
rinsed in PBS for 5 min and then incubated with
primary antibody against CD11c (1:150, Epitomics,
Burlingame, CA, United States) at 4 ℃ overnight.
Sections incubated without the primary antibody were
used as negative controls. The sections were then
incubated with horseradish peroxidase-labeled goat
against mouse/rabbit secondary antibody (Maixin
Biotechnology, Fuzhou, China). Diaminobenzene was
used as the chromogen, and hematoxylin was used
as the nuclear counterstain. Finally, the sections were
dehydrated, cleared and mounted.
The stained sections were independently reviewed
by two pathologists without knowing the clinical
diagnosis. The slides were graded according to the
staining intensity. CD11c-positive signals located in
the cell membrane were counted according to the
brown diaminobenzidine precipitate. The CD11c
signals from five visual areas enriched with tumorinfiltrating lymphocytes were examined using a lowmagnification lens, and then examined using a highmagnification lens (× 200) to determine the average
number of CD11c positive cells. Immunohistochemical
expression scores of CD11c were obtained using a
Leica microscope. The patients were classified into two
groups as follows: low expression [≤ 14/high power
field (HPF)] and high expression (> 14/HPF) based on
expression scores of CD11c per slide.

WJG|www.wjgnet.com

Data analysis
2
The χ test was used to compare the patient- and
disease-related factors between the low CD11c
expression group and the high expression group.
Univariate probabilities of OS and DFS were assessed
using the Kaplan-Meier method. The log rank test was
used to compare survival curves. The Cox model, HR
with a 95%CI was used to estimate the association
between CD11c expression (> 14/HPF = 1; ≤ 14/
HPF = 0) and death or relapse of all patients with
adjustments of the following potential confounders:
age (about 45 = 1; 60 = 2; > 60 = 3), gender (male
= 0; female = 1), tumor location: gastric cardia or not
(yes = 1; no = 0), gastric body or not (yes = 1; no =
0), gastric antrum or not (yes = 1; no = 0), tumor size
(< 5 cm = 0; ≥ 5 cm = 1), histological type (poorly
differentiated = 1; differentiated = 0), invasion to
muscular layer (yes = 1; no = 0), nodal metastasis
(yes = 1; no = 0), recurrence (yes = 1; no = 0),
pathological grade (grade 1-2 = 1; grade 3 = 2; grade
4 = 3), and UICC stage (Ⅰ = 1; Ⅱ = 2; Ⅲ = 3; Ⅳ = 4).

RESULTS
CD11c expression in gastric cancer is negatively
correlated with UICC stage

Immunohistochemistry (IHC) revealed that the staining
intensity of CD11c was differently distributed among
various tissues, including gastritis (Figure 1A), gastric
polyps (Figure 1B) and gastric cancer tissues (Figure
1C-F). As shown in Figure 1, the average expression
levels of CD11c were 5.1 ± 1.8/HPF in 10 gastritis
samples, 4.5 ± 2.3/HPF in 10 gastric polyp samples
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Figure 1 Validation of differentially expressed CD11c by IHC (magnification × 100) and qRT-PCR. Representative IHC for gastritis tissues (A), gastric polyp
tissues (B) and gastric cancer tissues at different stages Ⅰ-Ⅳ (C-F) showed that high CD11c expression was present in UICC stage Ⅰ, and the stain density of
CD11c decreased progressively from UICC stage Ⅰ to stage Ⅳ. CD11c showed differential expression in gastric cancer, gastritis, and gastric polyp tissues and
the stain density of CD11c was significantly increased in gastric cancer tissue compared with gastritis and gastric polyp tissues (G). The expression of CD11c
progressively decreased from UICC stage Ⅰ to UICC stage Ⅳ (H). qRT-PCR using mRNA from gastric cancer at UICC stages Ⅰ-Ⅳ and normal gastric tissue was
conducted. Using CD11c expression of UICC stage Ⅰ as 100%, CD11c expression levels were significantly different at UICC stages Ⅰ-Ⅲ compared with normal
gastric tissue (I). GC: Gastric cancer; G: Gastritis; GP: Gastric polyp; N: Normal gastric tissue.

and 9.7 ± 6.3/HPF in 140 gastric cancer samples,
respectively, which suggests that CD11c is involved
in the pathological changes in GC. Furthermore,
CD11c expression gradually decreased from UICC
stage Ⅰ to stage Ⅳ (stage Ⅰ: 16.0 ± 7.4, stage Ⅱ:
10.4 ± 5.5, stage Ⅲ: 9.4 ± 6.1, stage Ⅳ: 5.3 ± 3.2,
P < 0.001, Figure 1H). Based on these results, qRTPCR was subsequently performed to further validate
these findings. Moreover, as shown in Figure 1I, low
expression of CD11c in normal and para-carcinoma
tissues was also observed, which indicated that tumor
+
cells recruited more CD11c TILs than inflammation
and polyps.

DFS probability and longer median DFS time (63.7%
2
vs 24.0%; 49.1% vs 11.9%; 64.0 mo vs 18.0 mo; χ
= 15.39, P < 0.001).
Figure 2 show the OS and DFS curves for the low
CD11c expression group and high expression group,
respectively. Patients in the high CD11c expression
group had a significantly better OS and DFS compared
with the low CD11c expression group (log-rank, P =
0.009 for OS and P < 0.001 for DFS).
The above-mentioned statistical results compre
hensively revealed that stage Ⅳ was related to an
increased risk of death and relapse.

Cox model analysis

Baseline characteristics

Table 4 shows that the risk of death and relapse in
patients with high CD11c expression was significantly
decreased by 44% (HR = 0.56, 95%CI: 0.33-0.98, P
= 0.041) and 61% (HR = 0.39, 95%CI: 0.23-0.67, P
= 0.001) compared with the reference group (patients
with low CD11c expression) after adjustments
for gender, age, tumor location, histological type,
pathological grade and UICC stage (Table 5, model 1
and 3). When tumor size was incorporated into the
Cox model (Table 5, model 2 and 4), the risk of death
and relapse in patients with high CD11c expression
was increased to 0.90 and 0.65, with a P value of 0.749
and 0.160, respectively.

Table 2 shows the patient characteristics. The median
age of all 140 participants was 60 years, and the age
range was 35 to 86 years. More male patients were
included in the study population than females (76.43%
vs 23.57%). In addition, 73.57% and 85.71% of the
140 patients died or experienced disease progression
during the study period, respectively.
Significant differences in tumor size, histological
type, invasion depth, nodal metastasis status, pa
thological grade, UICC stage and DFS outcome were
detected between the two CD11c groups (all P < 0.05).
No significant differences in other clinical variables
were observed between the CD11c groups (all P >
0.05) (Table 2).

DISCUSSION

OS and DFS

In the present study, we demonstrated that the
infiltrating intensity of CD11c positive immune cells
varied in different gastric tissues, including gastritis,
gastric polyps and gastric cancer tissues. CD11c
expression level in patients with GC was significantly
higher than that in patients with gastritis or gastric
polyps. Furthermore, CD11c expression level gradually

Table 3 shows that patients in the high CD11c
expression group had a greater 3- and 5-year OS
probability and longer median survival time compared
with the low CD11c expression group, (67.7% vs
2
39.2%; 51.4% vs 29.0%; 67.0 mo vs 28.0 mo; χ
= 6.80, P = 0.009), and had a greater 3- and 5-year
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Table 2 Baseline characteristics of the low and high CD11c expression groups (n = 140)
Clinicopathological
characteristics

All

P value

CD11c expression
Low

Gender
Male
Female
Age (yr)
About 45
About 60
> 60
Tumor location
Gastric cardia
No
Yes
Tumor size (cm)1
<5
≥5
Histological type2
Differentiated
Poorly differentiated
Invasion to muscular layer3
No
Yes
Nodal metastasis4
No
Yes
Pathological grade
1-2
3
4
UICC stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Endpoint: DFS
No recurrence
Recurrence
Endpoint: OS
Survival
Died

High

No.

%

No.

%

No.

%

107
33

76.43
23.57

80
29

73.39
26.61

27
4

87.10
12.90

12
66
62

8.57
47.14
44.29

9
56
44

8.26
51.38
40.37

3
10
18

9.68
32.26
58.06

87
53

62.14
37.86

70
39

64.22
35.78

17
14

54.84
45.16

56
62

47.46
52.54

36
57

38.71
61.29

20
5

80.00
20.00

54
79

40.60
59.40

37
66

35.92
64.08

17
13

56.67
43.33

14
107

11.57
88.43

7
89

7.29
92.71

7
18

28.00
72.00

33
88

27.27
72.73

19
76

20.00
80.00

14
12

53.85
46.15

17
70
53

12.14
50.00
37.86

13
49
47

11.93
44.95
43.12

4
21
6

12.90
67.74
19.35

11
27
88
14

7.86
19.29
62.86
10.00

4
22
69
14

3.67
20.18
63.30
12.84

7
5
19
0

22.58
16.13
61.29
0.00

20
120

14.29
85.71

12
97

11.01
88.99

8
23

25.81
74.19

37
103

26.43
73.57

27
82

24.77
75.23

10
21

32.26
67.74

0.113

0.162

0.342

< 0.001

0.042

0.004

0.001

0.047

0.002

0.038

0.404

1

Missing 22 cases; 2Missing 7 cases; 3Missing 19 cases; 4Missing 19 cases.

Table 3 Three- and 5-year overall survival and disease-free survival probability and median survival time (mo) in the low and high
CD11c expression groups
Expression level of
CD11c
Low
High

3-yr OS (95%CI)

5-yr OS (95%CI)

39.2 (30.0-48.4)
67.7 (59.3-76.1)

29.0 (20.2-37.8)
51.4 (42.4-60.4)

Median survival time 3-yr DFS (95%CI)
1
(95%CI)
28.0 (15.1-40.9)
67.0 (53.9-80.1)

24.0 (19.8-28.2)
63.7 (54.9-72.5)

5-yr DFS (95%CI)

Median disease free
2
time (95%CI)

11.9 (8.7-15.1)
49.1 (39.8-58.4)

18.0 (14.6-21.4)
64.0 (42.0-86.0)

1

Survival curve comparison, χ 2 = 6.801, P = 0.009; 2Disease-free curve comparison, χ 2 = 15.387, P < 0.001. OS: Overall survival; DFS: Disease-free survival.

decreased from UICC stage Ⅰ to stage Ⅳ, as confirmed
by the qRT-PCR. We also found that patients with
higher infiltrating intensity of CD11c positive cells had
a significantly reduced risk of cancer-related death and
relapse compared with patients with lower infiltrating
intensity of CD11c positive cells after adjustments
for potential confounders, with the exception of
tumor size. However, the protective effect related to

WJG|www.wjgnet.com

death and relapse disappeared when tumor size was
incorporated into the model. Our findings suggested
that low CD11c expression was associated with the
risk of death and relapse in patients with GC, but was
not an independent risk factor.
Interestingly, our previous findings suggested that
a decrease in CD11c in GC tissues compared with
normal gastric tissue samples may be related to a local
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Figure 2 CD11c expression in gastric cancer tissues correlates with survival rate of patients. Based on the minimum P value observed, patients were divided
into two groups with low or high CD11c expression, respectively. The DFS of patients with low and high CD11c expression was evaluated by Kaplan-Meier survival
analysis. Log-rank: P < 0.001 (A). The OS of patients with low and high CD11c expression was evaluated by Kaplan-Meier survival analysis. Log-rank: P = 0.009 (B).

Table 4 Multivariate Cox model analysis of the association between CD11c expression and the risk of death and relapse n (%)
Clinicopathological
parameters
CD11C expression
Low
High
Gender
Male
Female
Age groups
About 45
About 60
> 60
Gastric cardia
No
Yes
Histological type%
Differentiated
Poorly differentiated
Pathological grade
1-2
3
4
UICC stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Number

OS
HR

DFS

95%CI

P value

HR

0.33-0.98

0.041

0.39

0.64-1.83

0.769

0.77

0.25-1.08
0.39-1.73

0.080
0.608

0.51
0.70

1.02-2.43

0.039

1.42

0.79-2.02

0.333

1.025

109 (77.86)
31 (22.14)

0.56

1.00 (ref)

107 (76.43)
33 (23.57)

1.08

12 (8.57)
66 (47.14)
62 (44.29)

0.52
0.82

87 (62.14)
53 (37.86)

1.58

54 (40.60)
79 (59.40)

1.26

17 (12.14)
70 (50.00)
53 (37.86)

0.79
1.08

0.35-1.76
0.47-2.48

0.564
0.849

0.85
1.32

11 (7.86)
27 (19.20)
88 (62.86)
14 (10.00)

2.90
3.36
9.94

1.00 (ref)
0.74-11.32
0.91-12.39
2.46-40.19

0.126
0.069
0.001

1.99
2.12
9.20

95%CI

P value

0.23-0.67

0.001

0.46-1.27

0.306

0.26-1.03
0.35-1.41

0.060
0.316

0.95-2.11

0.085

0.68-1.56

0.907

0.41-1.75
0.63-2.79

0.659
0.466

0.65-6.10
0.74-6.10
2.75-30.78

0.230
0.162
< 0.001

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

1.00 (ref)

OS: Overall survival; DFS: Disease-free survival.
[14]

[17-19]

imbalance in the tumor immune microenvironment .
A previous study suggested that tumor-infiltrating
+
CD11b DCs are associated with worse prognosis in
+
patients with GC, and that almost all CD11b DCs
[15]
showed CD11c . In addition, it has been reported
+
that CD11b DCs are potent inducers of antigenspecific IL-10, producing type 1 regulatory T cells
[16]
that induce antigen-specific tolerance . Given these
varied results, it is possible that the authors did not
+
completely distinguish CD11b cells from macrophages
and DCs due to the similar characteristics in inducing
+
immune tolerance between CD11b DCs and tumor-
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associated M2 macrophages
.
APCs, such as macrophages and DCs, can directly
activate antigen-specific Th1 or CTLs, which can
activate the anti-tumor immune response and are
associated with favorable prognosis of patients with
[8,9,20,21]
many types of cancers
. Early studies also
demonstrated a significant association between tumor+
infiltrating CD1a DCs and unfavorable prognosis in
[8,9,20]
patients with colorectal cancer and lung cancer
.
In contrast, high expression of CD208 or CD86 in DCs
has been found to contribute to a better prognosis
in colorectal cancer, gastric cancer, and malignant
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these two variables were simultaneously incorporated
into the Cox model, the protective effect disappeared.
Previous studies have also shown that lower CD11c
expression in the tumor is associated with lower
[27-29]
infiltration of effector cells
, indicating low control
of tumor progression, leading to rapid tumor growth.
Consequently, CD11c may be a potential alternative
indicator of tumor size. The causal relationship
between CD11c expression and tumor progression
(tumor size) has not been clarified.
More and more attention is being paid to tumor
size, an important characteristic of the tumor, in order
to predict tumor burden, prognosis and UICC staging.
Some studies suggested that tumor size was closely
correlated with the number of metastatic lymph
nodes, which also improved the power of UICC staging
in predicting 5-year survival in GC, and the change
in tumor size at the first follow-up CT was strongly
[30-32]
prognostic for DFS and OS in colorectal cancer
.
However, it is difficult to assess tumor size in some
relapsed and metastatic patients, and tumor burden
is also difficult to evaluate accurately. Thus, CD11c
expression might be useful in predicting tumor burden,
prognosis and UICC staging, and in helping clinicians
to create rational treatment programs.
In summary, low CD11c expression may be a risk
factor for relapse and death of patients with GC. In
addition, CD11c could act as an alternative index of
tumor size or lymph node metastasis in predicting
prognosis in patients with GC in special cases.

Table 5 Comparison of HRs and association between CD11c
expression and the risk of death and relapse in different Cox
models
Cox models
OS
Model 11
Model 22
DFS
Model 31
Model 42

CD11c
expression

HR

Low
High
Low
High

1.00 (ref)
0.56
1.00 (ref)
0.90

Low
High
Low
High

1.00 (ref)
0.39
1.00 (ref)
0.65

95%CI

P value

0.33-0.98

0.041

0.49-1.67

0.749

0.23-0.67

0.001

0.36-1.19

0.160

1

Adjusted for gender, age, tumor location, histological type, pathological
grade and UICC stage; 2Adjusted for gender, age, tumor location, tumor
size, histological type, pathological grade and UICC stage. OS: Overall
survival; DFS: Disease-free survival.

[8,22,23]

melanoma
. Based on their polarization, tumorinfiltrating antigen-presenting cells have dual
characteristics, which include the capacity to trigger
an antitumor or protumor immune response. CD11c
is a component of complement receptor 4, which is
predominantly expressed on DCs, some macrophages,
[24-26]
natural killer (NK) and activated T cells
. Therefore,
the staining scores of CD11c were composed of not
only DCs, but also other effector cells in the local
tumor microenvironment, such as some macrophages,
NK and activated T cells. To the best of our knowledge,
a DC-enriched infiltration is necessary for the
+
activation of naive CD8 T cells in vivo. Fahlén-Yrlid
[27]
+
+
et al
showed that CD11c DCs can activate CD4 T
cells during the process of mucosal immunization. In
+
addition, CD11c is also expressed on some CD8 T
+
+
cells, and these CD11c CD8 T cells sometimes act as
+
immune regulators by suppressing CD4 T cells and
[28]
sometimes as immune effectors . Interestingly, their
activities are beneficial to the hosts and boost immune
potential in the tumor microenvironment in both
[29]
cases .
Our findings suggested that low CD11c expression
was associated with the risk of death and relapse in
patients with GC, but was not an independent risk
factor. This finding may have been caused by the
following reasons: Firstly, univariate survival analysis
revealed that low CD11c expression in the tumor
was significantly associated with a high risk of death
and relapse. Secondly, there was a strong correlation
between the CD11c score and tumor size, which may
have caused multicolinearity in the Cox model, leading
to this result. When CD11c expression and tumor size,
respectively, were incorporated into the Cox model
(adjustments for other variables in the Cox model
remained the same: gender, age, tumor location,
histological type, pathological grade and UICC stage),
high CD11c expression and small tumor size both
showed a significant protective effect. However, when

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

CD11c is an antigen receptor predominantly expressed on dendritic cells
(DC), to which antigen targeting has been shown to induce robust antigenspecific immune responses. It has been demonstrated that CD11c provided
costimulatory signals to activated lymphocytes. The exact roles and regulatory
mechanisms of CD11c in the tumor microenvironment have not yet been
defined.

Research frontiers

Over the decades, more and more studies have shown that the progression
of gastric cancer is closely related to the tumor microenvironment. CD11c
is a positive regulator present on CD11c+DCs and activates lymphocytes,
leading to amelioration of immune status. Therefore, it is necessary to confirm
the influence of C11c on the tumor microenvironment in patients with gastric
cancer.

Innovations and breakthroughs

Based on the investigation of clinical characteristics and CD11c expression
level in 140 patients with gastric cancer, the authors demonstrated that CD11c
expression levels significantly decreased from UICC stage Ⅰ to stage Ⅳ, and
patients with high CD11c expression had a reduced risk of death and relapse.
These findings suggest that high CD11c expression decreased the risk of death
and relapse, and may act as an indicator of favorable prognosis in patients with
gastric cancer.

Applications

The results of this study may provide clinicians with information on the influence
of CD11c on the tumor microenvironment in patients with gastric cancer, and
provide strategies for the treatment of patients with advanced gastric cancer.
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CD11c may be regarded as a potential prognostic indicator in patients with
gastric cancer.

14

Terminology

Tumor microenvironment refers to the unique properties of the tissue
microenvironment conferred by abnormal interactions between tumor and host
cells. The tumor microenvironment is often characterized by hypoxia, nutrient
deprivation, acidosis, and aberrant stroma.
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Abstract
AIM: To characterize APC gene mutations and correlate
them with patient phenotypes in individuals diagnosed

Informed consent statement: All analyzed patients or their
guardians signed a consent form, and it was assured that the
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with familial adenomatous polyposis (FAP) in northern
Brazil.

diagnosis of patients who have not yet developed the
disease, as was the case of some patients analyzed in
this study.

METHODS: A total of 15 individuals diagnosed with
FAP from 5 different families from the north of Brazil
were analyzed in this study. In addition to patients with
histopathological diagnosis of FAP, family members
who had not developed the disease were also tested
in order to identify mutations and for possible genetic
counseling. All analyzed patients or their guardians
signed a consent form approved by the Research
Ethics Committee of the João de Barros Barreto
University Hospital (Belem, Brazil). DNA extracted
from the peripheral blood of a member of each of the
affected families was subjected to direct sequencing.
The proband of each family was sequenced to identify
germline mutations using the Ion Torrent platform. To
validate the detected mutations, Sanger sequencing
was also performed. The samples from all patients
were also tested for the identification of mutations by
real-time quantitative polymerase chain reaction using
the amplification refractory mutation system.

Moreira-Nunes CA, Alcântara DFA, Lima-Júnior SF, Cavalléro
SRA, Rey JA, Pinto GR, Assumpção PP, Burbano RR.
Presence of c.3956delC mutation in familial adenomatous
polyposis patients from Brazil. World J Gastroenterol 2015;
21(31): 9413-9419 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i31/9413.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9413

INTRODUCTION
Familial adenomatous polyposis (FAP) is a hereditary
cancer predisposition syndrome with autosomal
dominant inheritance caused by germline mutations,
mainly in the adenomatous polyposis coli (APC)
gene. The main clinical feature of FAP is the
development, in the second and third decades of life,
of multiple (hundreds to thousands) adenomatous
polyps in the colon with the capacity for malignant
[1-3]
transformation .
The tumor suppressor gene APC, located on
chromosome 5q21, has 16 exons and encodes a
300-kDa protein that participates in the Wnt signaling
pathway, which is important in signal transduction
[4-6]
and the control of apoptosis . APC gene inactivation
occurs through allelic loss, primarily through
mutations, which generally produces a truncated
protein lacking the carboxyl-terminal region and loss of
[7,8]
function .
To date, 858 different mutations in the APC gene
have been recorded in the Human Gene Mutation
Database (HGMD). Twenty-three percent of the
germline alterations of this gene occur between codons
1055 and 1309. The three most common germline
mutations are the deletion of 5 base pairs (bp) from
codons 1309 and 1061 and the deletion of 4 bp from
[9]
codon 1064 .
The FAP phenotype (number of polyps and disease
aggressiveness) can be predicted from the APC gene
mutation. The FAP phenotypes can be defined as the
following: (1) severe/profuse, for mutations located
between codons 1250 and 1464; (2) intermediate,
for mutations located between codons 158 and 1595,
except for mutations located between codons 312 and
412 and for mutations located between codons 1250
and 1464; and (3) attenuated, for mutations located
in exon 9 and near the 5’ and 3’ ends of the APC
[10-16]
gene
.
In the north and northeast regions of Brazil,
gastrointestinal tumors are the second most frequent
type of cancer among men and the third most
frequent among women. These tumors are considered
a serious public health problem because they are often
diagnosed in advanced stages and have extremely low

RESULTS: Through interviews with relatives and a
search of medical records, it was possible to construct
genograms for three of the five families included in the
study. All 15 patients from the five families with FAP
exhibited mutations in the APC gene, and all mutations
were detected in exon 15 of the APC gene. In addition
to the patients with a histological diagnosis of FAP,
family members without disease symptoms showed
the mutation in the APC gene. In the present study,
we detected two of the three most frequent germline
mutations in the literature: the mutation at codon 1309
and the mutation at codon 1061. The presence of
c.3956delC mutation was found in all families from this
study, and suggests that this mutation was introduced
in the population of the State of Pará through ancestor
immigration (i.e. , a de novo mutation that arose in one
member belonging to this state from Brazil).
CONCLUSION: Regardless of its origin, the c.3956delC
mutation is a strong candidate biomarker of this
hereditary cancer syndrome in families of northern
Brazil.
Key words: Familial adenomatous polyposis; APC;
Torrent sequencing; Colorectal cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the northern region of Brazil, gastrointestinal
tumors are the second most frequent type of cancer
among men and the third most frequent among
women. These tumors are considered a serious public
health problem because they are often diagnosed in
advanced stages and have extremely low survival rates.
Evaluation of family history to determine the number
of relatives affected and genetic screening analysis are
important preventive measures to assist in the early
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DNA extraction

Table 1 Patients analyzed in the study
Patients
Family 1 (FAP1)
01A
01B
01C
01D
01E
Family 2 (FAP2)
02F
02G
02H
02I
Family 3 (FAP3)
03J
03H
03L
03M
Family 4 (FAP4)
04N
Family 5 (FAP5)
05O

Gender

Age at diagnosis

Histopathology

Female
Female
Female
Male
Male

23
25
18
14
17

FAP
FAP
FAP
FAP
FAP

Female
Male
Female
Male

40
15
NA2

FAP
FAP
FAP
-

Male
Female
Female
Female

30
NA
NA
NA

FAP
-

Male

40

FAP

Male

25

FAP

1

Genomic DNA was extracted from human peripheral
blood samples using the QIAamp DNA Blood Kit
®
(Qiagen ), following the manufacturer’s instructions.

Sequencing the APC gene

The DNA extracted from the peripheral blood of a
member of each of the affected families was subjected
to direct sequencing.
Direct sequencing of all exons of the APC gene
(NM_000038.5) was performed by the next-generation
sequencing platform Ion Torrent™ (Life Technologies
™), following the Ion AmpliSeq™ Library Preparation
methodology (Life Technologies™).
The primers for detection of changes in the
nucleotide sequence of the gene were designed
through the Ion Torrent™ platform using the Ion
AmpliSeq Designer software (available at: https://
www.ampliseq.com).
Analysis of the sequenced data was performed
using the analysis software available in the Ion Torrent
™ platform.

1

Unknown; 2 Patients without disease. FAP: Familial adenomatous
polyposis; NA: Not applicable.

Sanger sequencing

[17]

survival rates .
The aim of this study was to characterize the
mutations present in the APC gene, correlate them
with patient phenotypes, and evaluate genomic
alterations in individuals diagnosed with FAP in
northern Brazil.

To validate the detected mutations, Sanger sequencing
was performed using the BigDye Terminator v1.1
Cycle Sequencing Kit. After ethanol purification, the
samples were run on an ABI 3730 sequencer. The
chromatogram of the Sanger sequencing results was
analyzed using Sequencing Analysis vs 5.2 Program
(Applied Biosystem, United States).

MATERIALS AND METHODS
RESULTS

Ethics statement

The study was approved by the Research Ethics
Committee of the João de Barros Barreto University
Hospital (Belém, Pará, Brazil; approval number:
274/12). All analyzed patients or their guardians
signed a consent form, and it was assured that the
use of biological material and study participation would
not be harmful or negatively influence the patients’
treatment.

Through interviews with relatives and a search
of medical records, it was possible to construct
genograms for three of the five families included in the
study - FAP1, FAP2, and FAP3 - which, coincidentally,
are the families with the largest number of individuals
affected by the disease in subsequent generations
(Figure 1). The genealogical analysis of the remaining
two families was not possible due to a lack of
information from patients regarding their relatives.
All 15 patients from the five families with FAP
exhibited mutations in the APC gene, and all mutations
were detected in exon 15 of the APC gene. The
presence of c.3956delC mutation was found in all
families from this study. In addition to the patients
with a histological diagnosis of FAP, family members
without disease symptoms showed the mutation in the
APC gene (Table 2).

Patients

A total of 15 patients belonging to 5 different families
were analyzed in this study (Table 1). All patients
resided in the State of Pará and were assisted at the
Coloproctology Outpatient Clinic of the João de Barros
Barreto University Hospital (Belém, Pará, Brazil).
Peripheral blood samples were collected from all
individuals for analysis.
In addition to patients with histopathological
diagnosis of FAP, family members who had not
developed the disease were also tested to identify
mutations and for possible genetic counseling in the
same manner as provided to members of the FAP2
and FAP3 families (Table 1).
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DISCUSSION
FAP is caused by germline mutations primarily in the
APC gene and shows autosomal dominant inheritance.
The main clinical feature of the disease is the deve
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A

B

?

Not
tested

Colon
14

Colon
17

C

Colon
23

Not tested
colon

Not
tested

Not tested
colon

Not tested
colon

Colon
25

?
Not
tested

?

?
Colon

Colon
18

Colon
40

Not
tested

Colon
15

12

?
Not
tested

Not tested
colon

Not
tested

Not
tested

Diagnosed with FAP
Not tested
colon

Presence of mutations with no disease
appearance
?

No information

?
Not
tested

Not tested
colon

Not tested
colon

Not tested
colon 43

Not
tested

?
Not
tested

Colon
29

4

Not
tested

4

8

Figure 1 Pedigrees of hereditary diffuse gastric cancer families. A: FAP1 - A family with eight affected members and the presence of APC mutations; B: FAP2 a family with four affected members and the presence of APC mutations; C: FAP3 - a family with five affected members with APC mutations, and three members with
no disease appearance, although with the presence of APC mutations. The numbers present under the symbols represent the age at diagnosis. The solid symbols
represent the affected members with confirmed adenomatous polyposis diagnoses. Upper left arrows indicate the probands.

lopment, in the second and third decades of life, of
multiple (hundreds to thousands) adenomatous polyps
in the colon and/or rectum capable of malignant
[1-3]
transformation from the fourth decade of life .
Literature reports reveal that most mutations found
in FAP (≥ 60%) are located in the central region of the
protein (between codons 1281-1556), the so-called
“mutation cluster region” (MCR). The MCR corresponds
to the region of the APC gene encoding the protein
[20,23-25]
domain responsible for β-catenin regulation
.
Mutations that occur in this region generally produce
a truncated protein responsible for an increase in the
free pool of β-catenin, which is transported to the
nucleus, thus activating the transcription of genes
[26]
involved in cell proliferation . In this study, all
mutations discovered in the families with FAP occurred
in the MCR region, confirming this region as a hotspot

WJG|www.wjgnet.com

for mutations in the APC gene.
In the present study, we detected two of the three
most frequent germline mutations: the mutation at
codon 1309 (found in the FAP2 and FAP5 families)
and the mutation at codon 1061 (found in the FAP1
[2]
family). Half et al found an association between the
mutation at codon 1309 and 10% of patients with FAP
in the literature, which is in agreement with the study
[27]
by Torrezan et al , who identified this mutation in
9% of the 23 families with FAP in southeastern Brazil.
In the present study, the mutation at codon 1309
occurred in all patients with FAP. This frequency is
higher than the global average, and, for this reason,
we are currently increasing the sample size of families
with FAP to assess the validity of this frequency.
The mutation at codon 1061 affects 5% of patients
in the literature, according to the survey performed by
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Table 2 Mutations in the APC gene: Relationship between genotype and phenotype in patients with familial adenomatous polyposis
Families

Exon

FAP1
FAP2
FAP5
FAP1-FAP5

15
15
15
15

1

Codon

Mutation

Phenotype

1061
1309
1309
1319

Frameshift mutations
c.3183_3187delACAAA
c.3927_3931delAAAGA
c.3921_3925delAAAAG
c.3956delC

Intermediate
Severe
Severe
Severe

Ref.
Ficari et al[18], Jarry et al[19]
Miyoshi et al[20], Jarry et al[19]
Miyaki et al[21], Mulkens et al[22]
Miyaki et al[21]

According to Nieuwenhuis et al[16].

1

[2]

Half et al . This mutation was found in 20% of the five
families with FAP from the State of Pará analyzed in
this study, although it was not detected in the studies
with families from southeastern Brazil performed by
[27]
[28]
Torrezan et al
and De Queiroz Rossanese et al .
This result reinforces the difference found between
the types of APC gene alterations and the geographic
region of Brazil to which the FAP patients belong.
FAP is caused by a highly heterogeneous spectrum
of mutations, which are shared among patients from
[29,30]
different families, as shown in this study
. In a
comprehensive study performed in a Canadian population
[19]
by Jarry et al , it was demonstrated that several
families with FAP exhibited c.3183_3187delACAAA and
c.3927_3931delAAAGA mutations, which were also
described in this study.
Through direct sequencing of the APC gene, we
identified the pathogenic mutation c.3956delC in
all families analyzed in this study. This mutation,
considered as a frameshift mutation type, and was
not found in other Brazilian studies conducted with
[27,28]
patients from southeastern Brazil
. This disparity
demonstrates a difference in the spectrum of APC
gene alterations in families with FAP according to the
geographic region of Brazil. This phenomenon most
likely occurs because of miscegenation-related ethnic
differences between the populations of the south and
[31,32]
north of Brazil
.
Thus, the c.3956delC mutation proved to be an
important cause of FAP in northern Brazil and results
from a founder effect, most likely originating from
Japanese communities, where this mutation was first
[21]
described by Miyaki et al in colorectal tumors from
three unrelated families. To our knowledge, there are
no reports describing the c.3956delC mutation in the
germline of families with FAP, as shown in this study.
It is likely that either this germline mutation was
introduced into the State of Pará after the 1929
[33]
landing of Japanese immigrants in Belém
or that
c.3956delC is a de novo mutation that emerged in
a member of the Pará population. Regardless of its
origin, the c.3956delC mutation is a strong candidate
biomarker for this hereditary cancer syndrome in
families of northern Brazil.
[34]
According to Crabtree et al , the presence of a
mutation in the MCR region confers to FAP the severe
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phenotype, regardless of the contribution of mutations
characteristic of other phenotypes. In this study, this
assumption held because all families with FAP had in
common the presence of mutation at codon 1319, in
the MCR region.
The genotype-phenotype relationship in FAP
is a determining factor for clinical guidance and
genetic counseling, as well as for simplifying the
search for mutations in patients with FAP and their
[14,15,35]
relatives
.
The diagnosis of severe FAP in the study population
occurred around the second and third decade of life,
while intermediate FAP was diagnosed in the fourth
decade of life. This timeline is in accordance with
the guidelines for the clinical management of FAP
[36]
published by Vasen et al , who demonstrated that
the onset of the disease in patients with the severe
form of FAP occurred, on average, 10 years before the
onset in carriers of intermediate and attenuated forms.
As an example, in this study the FAP1 family exhibited
the early form of the disease, and one of the members
had the syndrome diagnosed at 14 years of age, with
the presence of thousands of polyps throughout the
intestine. This aggressive phenotype is justified by
the presence of the c.3956delC mutation, associated
with the severe phenotype. For this reason, and in
accordance with the abovementioned guidelines,
clinical and diagnostic evaluations should be performed
in all FAP family members, starting at the second
decade of life.
In conclusion, the presence of the c.3956delC
mutation in all families studied leads us to believe that
this mutation was introduced in the population of the
State of Pará through the immigration of ancestors
(i.e., a de novo mutation that emerged in a member
belonging to this State). Regardless of its origin, the
c.3956delC mutation is a strong candidate biomarker
of this hereditary cancer syndrome in families of
northern Brazil.
It is noteworthy that different germline mutations
were found in families of different ethnic groups.
Therefore, there is a need to identify the alterations
responsible for hereditary cancer syndromes in the
Brazilian population, especially in populations of the
northern and northeastern regions, where a high
incidence of gastrointestinal tumors is observed.
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Abstract
AIM: to present a systematic review of techniques and
clinical results.
METHODS: A systematic review of published literature
was performed. Only studies reporting patient outcome
after radiosurgery (single fraction) delivered with
robotic devices [i.e. , robotic radiosurgery (RRS)] have
been analyzed.
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RESULTS: A total of 96 patients from 5 studies were
included. The studies are characterized by small
series and different methods in terms of dose, target
definition, combination with chemotherapy and/or
standard fractionated radiotherapy and evaluation
modalities. Preliminary results are positive in terms
of tumor response (ORR = 56%) and local control of
the tumor (crude rate of local progressions: 19.5%).
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[5]

Results for median overall survival (11.4 mo) seem
comparable with the ones of prolonged chemoradiation
(range: 8.6-13.0 mo). However, gastrointestinal toxicity
seems to be the main limitation of RRS, especially at
the duodenal level.

patients . The main limitation of RT is the presence
of radiosensitive organs in the upper abdomen in
close proximity with the pancreas. In fact, due to
these anatomic relationships, RT can produce severe
side effects especially at the level of the duodenum.
Therefore, a strong interest has arisen in the use of RT
techniques gaining a higher level of precision with the
aim of administering effective doses to the target while
reducing the irradiation of surrounding healthy organs.
One of the most promising newer techniques
is robotic radiosurgery (RRS). This is a particular
technique of stereotactic body radiotherapy (SBRT).
Based on American Society of Radiation Oncology
definition, SBRT is an external beam technique able
to deliver high radiation dose to an extra-cranial body
[6]
target with high precision in a single or few fractions .
RRS is based on the delivery of a single large fraction
of radiation using a robotic linear accelerator. The
reduced volume of irradiated normal tissue achieved by
improving the treatment precision allows the delivery
of a single fraction of radiation (with RRS), which
can potentially ablate all tissue in the treated area.
However, in literature there is currently only limited
evidence on SBRT, represented by preliminary studies
[7-16]
generally performed on small patient populations
.
[17-21]
Evidence on RRS is even more limited
. Therefore,
the purpose of this analysis is to present a systematic
review of the techniques and clinical results of RRS in
pancreatic cancer.

CONCLUSION: RRS allows for local treatment in a
shortened time (1 fraction) compared to traditional
treatments (about 1 mo), providing the possibility for
an easy integration with systemic therapies. Preliminary
results did not show any outcome differences compared
to standard chemoradiation. Thus, further efforts to
reduce gastrointestinal toxicity are strongly needed.
Key words: Robotic; Radiosurgery; Pancreatic neoplasms;
Systematic review; Review; Stereotactic radiotherapy;
Pancreas
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Robotic radiosurgery, a type of stereotactic
body radiotherapy, has been applied in a few experi
ences as an alternative to long course, conventional
radiotherapy. As described in this systematic review,
results suggest a good profile of efficacy. Its use in
further trials appears justified to treat pancreatic
lesions. Particular attention is needed to manage acute
and late toxicity. Its potential is highly interesting for
the opportunity of integration with chemotherapy and
surgery.

MATERIALS AND METHODS

Buwenge M, Cellini F, Silvestris N, Cilla S, Deodato F, Macchia
G, Mattiucci GC, Valentini V, Morganti AG. Robotic radiosurgery
in pancreatic cancer: A systematic review. World J Gastroenterol
2015; 21(31): 9420-9429 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i31/9420.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9420

Inclusion criteria

Type of studies: In this review were included all
studies (case studies or clinical trials) reporting
outcome and toxicity of patients treated with RSS.
Type of participants: Only studies enrolling patients
suffering from unresectable and/or locally advanced
adenocarcinoma of the pancreas were included in this
analysis.

INTRODUCTION
The prognosis of pancreatic cancer is dismal. Even
in patients with non-metastatic disease at diagnosis,
recurrences after primary therapy are very common
both as local relapse/progression and as distant
metastases. Local recurrence rates even for patients
who have undergone surgery reach percentages of
[1,2]
70%-80% . In addition, local disease progression
can produce severe symptoms (pain, biliary and/
or intestinal obstruction, malnutrition) significantly
worsening the quality of life of patients.
Traditionally, radiotherapy (RT) has been used
to obtain a local control of the disease. RT, usually
associated with concurrent and adjuvant chemotherapy,
[3]
is potentially useful to improve the resection rate ,
[4]
control symptoms in locally advanced carcinomas
and to reduce the risk of recurrence in resected

WJG|www.wjgnet.com

Type of interventions: (1) radiotherapy - eligible
interventions were single fractionated radiation therapy
performed with a robotic machine; (2) chemotherapy
- all systematic treatments based on chemotherapy,
regardless of the type of antineoplastic agent and
the use of single or combination chemotherapy were
eligible; and (3) supportive care - studies were included
in the analysis regardless of the type of supportive
therapy or other palliative treatments, including blood
transfusions, analgesic treatments, bypass palliative
interventions or stents placement.
Type of outcome measures: Primary endpoint of the
analysis was overall survival after RRS and secondary
endpoints were: clinical response, local control, and
treatment-related toxicity.
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Records identified through database
searching
(n = 25)

Additional records identified through
other sources
(n = 10)

Records after duplicates removed
(n = 34)

Records screened
(n = 34)

Records excluded
(n = 23)

Full-text articles assessed
for eligibility
(n = 11)

Full-text articles excluded,
due to fractionated
treatment
(n = 6)

1

Studies included in
qualitative synthesis
(n = 5)

Figure 1 Process of paper selection. Evaluated studies (35); Excluded studies (30); Included studies (5). 1Studies excluded because they did not individuate all the
inclusion criteria after collegial evaluation of the full-text manuscript.

Literature search strategy

review.

A bibliographic research was performed based
[22]
on the PRISMA methodology
using PubMed. In
the database, a search was carried out using the
Medical Subject Heading (MeSH) database; the
search algorithm was ‘‘Radiotherapy” [MeSH] AND
‘‘Pancreatic” [MeSH] AND (“robotic” OR “cyberknife”).
The research in Pubmed was complemented by an
additional screening of the references of publication
identified through the database. The search was not
limited to a particular time interval. It was restricted to
English-language peer-reviewed journal publications.
The found papers were independently selected and
evaluated by two different authors (Buwenge M and
Cellini F). Any discrepancies in the selection of papers
and data collection were managed by the senior author
(AGM). Potentially eligible studies were retrieved and
a full-text evaluation was performed as to whether it
satisfied both the inclusion and exclusion criteria. Only
clinical studies on RRS delivered with robotic devices
in patients with pancreatic carcinoma were included
in the review process. Studies including patients with
metastatic disease were not excluded.

Literature review

Koong et al
designed a phase Ⅰ trial for patients
with locally advanced carcinoma of the pancreas. The
purpose of the study was to define the maximum
tolerated dose of RRS. The authors enrolled 15 patients
at three subsequent dose levels: 15 Gy, 20 Gy, and
25 Gy. Clinical response was evaluated using high
resolution CT and acute toxicity was scored with the
RTOG scale. Local tumor control was recorded in all 6
patients who received 25 Gy without cases of grade >
3 gastrointestinal toxicity. Given the result in terms of
tumor response, the trial was stopped even if no cases
of dose-limiting toxicity were recorded. Based on these
results, the authors concluded that the recommended
dose for the RRS is 25 Gy.
[18]
Koong et al
enrolled 19 patients with locally
advanced pancreatic cancer in a subsequent trial.
Treatment was based on IMRT (45 Gy with concurrent
5-fluorouracil) followed by RRS boost (25 Gy). Sixteen
of 19 patients completed the treatment and only one
of these developed local progression of the disease
while 2 patients showed grade 3 toxicity. Considering a
median survival of only 33 wk, the authors concluded
that this treatment regimen although feasible, seems
not able to improve survival.
[20]
Seo et al
performed a retrospective analysis
of 30 patients with similar stage of disease. These
patients underwent conformal radiotherapy (40
Gy) followed by RRS boost (14-17 Gy). Twenty-one
[17]

RESULTS
Search results

Through the literature search, performed as previo
usly described, 35 papers were identified. Figure 1
describes the process of paper selection. Five studies
fulfilled the inclusion criteria and were included in this
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Table 1 Study and treatment characteristics
Ref.

study
design

inclusion
criteria

simulation

PTV

image guidance

dose
prescription

radiotherapy dose,
median (range)

% of patients
receiving
chemotherapy

Koong
et al[17], 2004

Phase Ⅰ

LA;
< 7.5 cm1

Pancreatic protocol
CT

NR

Fiducials tracking

20 Gy SF RRS

6.6 before RRS

Koong et al[18],
2005

Phase Ⅱ

LA

Pancreatic protocol
CT

NR

Schellenberg
et al[19], 2008

Case
serie

LA

To isodose
surrounding
PTV
To isodose
surrounding
PTV
To isodose
surrounding
PTV

Seo et al[20],
2009

Goyal et al[21],
2012

End-expiration
biphasic CT +
respiratory gated
CT + PET-CT
Phase Ⅰ
LA;
CT + PETno duodenal
CT (restricted
invasion;
respiratory
< 3 N+
motion)
Case
LA
CT + MRI ± PETserie
CT

Mid-breathhold or fiducials
tracking
PTV: GTV + Fiducials tracking
2-3 mm

45 Gy in 1.8 Gy/fr 100.0 concurrent to
(IMRT) +; 25 Gy SF IMRT: 5-FU or CAP
RRS boost
25 Gy
100.0
SF RRS
1 cycle GEM preRRS; 0-8 cycles
GEM post-RRS
PTV: GTV + Fiducials tracking
To isodose
40 Gy in 2 Gy/fr
70.0 (6 before RT;
2 mm, or 4
covering 97% (3D-CRT) + 16.5 Gy 15 concurrent to
mm cranioof PTV
(14-17) SF RRS boost
3D-CRT)
caudally
NR
Fiducial tracking To 70% isodose 14 pts: 25 (20-25)
68% before RRS
SF RRS 5 pts: 3
(various schedules)
fractions (24-30)

1

Two patients received previous radiotherapy. 3D-CRT: 3D-conformal radiation therapy; 5-FU: 5-fluorouracil; GEM: Gemcitabine; GTV: Gross tumor
volume; IMRT: Intensity modulated radiation therapy; LA: Locally advanced; NR: Not reported; PTV: Planning target volume; RRS: Robotic radiosurgery;
SF: Single fraction.

patients had received chemotherapy. One-year local
progression-free survival (LPFS) was 70.2% and 1-year
overall survival (OS) was 60.0%. Given an incidence
of grade 4 toxicity of only 3%, the authors concluded
that this regimen is feasible and deserves further
evaluation in prospective studies.
[21]
Goyal et al reported their experience with RRS in
patients with unresectable pancreatic cancer. Twenty
patients received a RRS dose of 22-30 Gy (median
25 Gy). Chemotherapy was administered in 68% of
patients. One-year LPFS was 65% and 1-year OS was
56%. The incidence of grade 3 and grade 4 toxicity
was 16% and 0%, respectively. The authors concluded
that RRS treatment is tolerable and allows satisfactory
local control of the disease.
The details on definition of “locally advanced
inoperable lesions” criteria were not specified for all
the above previously mentioned reports.
[19]
Schellenberg et al
designed a prospective trial
to test a combined modality treatment including RRS.
Sixteen patients with locally advanced disease (defined
as “> 50% involvement of the superior mesenteric
vein/superior mesenteric artery or any involvement
of the celiac axis”) received 1-9 cycles (median: 4) of
gemcitabine-based chemotherapy. Patients underwent
RRS (25 Gy) between the 1st and 2nd chemotherapy
cycles. Local progression of the disease was observed
in 19% of patients and 1-year OS was 50% (median:
11.4 mo). The incidence of grade 3 acute toxicity was
only 6%. However, 7 patients showed late toxicity:
5 ulcers, 1 duodenal stenosis, and 1 duodenal
perforation. In this group of 7 patients there was
a trend toward a greater irradiated volume of the
duodenum. The authors concluded that using this
regimen, the clinical outcome is similar to standard
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concurrent chemoradiation but with an alarming
incidence of intestinal toxicity.

Analysis of the selected studies

Methods: Table 1 shows study and treatment
characteristics of the analyzed series. Of the 5 studies
included in this analysis, 2 were phase Ⅰ trials, 2 were
case series and 1 was a phase Ⅱ trial. The number
of patients enrolled was 15-30 (median: 19). In a
study in which RRS was used as a boost, only 16/19
[18]
patients (84.2%) received the RRS treatment .
In another study, 14 patients (73.7%) received
RRS treatment, while another 5 patients received a
[21]
fractionated (3 fractions) treatment . All studies
enrolled patients with locally advanced disease. In one
study, patients who had received prior radiotherapy
[20]
were explicitly excluded , while in another 2 studies
some patients were previously irradiated in the same
[17,21]
site
. In addition, in one study, patients with
[17]
tumor diameter > 7.5 cm were excluded , while in
another study patients with more than 3 metastatic
lymph nodes or tumor invasion of the duodenum were
[20]
excluded . The definition of the target was based
[17,18]
on a pancreatic protocol CT in 2 studies
, while in
18
[19-21]
other 3 studies even F-FDG-PET was used
. In
3 studies the margins between tumor and PTV were
[17,18,21]
not described
. In the study of Schellenberg a
[19]
margin of 2-3 mm between GTV and PTV was used ,
while in the study of Seo the PTV was defined as GTV
+ 2 mm in radial direction and as GTV + 4 mm in
[20]
cranio-caudal direction . In all studies, an imageguided technique based on fiducial tracking was
used. The dose was prescribed to different points.
In 3 studies, the dose was prescribed to the isodose
[17-19]
completely surrounding the tumor
. In 1 study,
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Table 2 Patient and tumor characteristics
Ref.

3

Patients

Stage

Median GTV size (cm ); mean (range)

Site

Median follow-up (mo), range

Koong et al , 2004

15

NR

29 (19-72)

5.0

Koong et al[18], 2005

191

NR

50 (14-92)

Schellenberg et al[19], 2008

16

NR

PTV: 48 (21-84)

Seo et al[20], 2009

30

41 (21-96)

Goyal et al[21], 2012

19

T4: 100.0%
N1: 30.0%
M1: 4 pts

H: 66.6%,
B: 26.6%,
T: 6.6%
H: 68%,
B: 32%
H: 87.5%,
B: 12.5%
H: 56.7%
B/T: 43.3%
NR

[17]

57 (10-118)

5.4
NR
14.5
9 (5.8-23.1)

1

Sixteen patients received RRS. B: body of the pancreas; H: head of the pancreas; NR: not reported; PTV: planning target volume; T: tail of the pancreas.

Table 3 Results
Ref.

tumor response tumor response median overall
criteria
(%)
survival (mo)

Koong et al[17], 2004
Koong et al[18], 2005

-

NR
NR

Schellenberg et al[19], 2008

-

NR

Seo et al[20], 2009

RECIST

68 (PR: 68)

Goyal et al[21], 2012

RECIST

44
(CR: 13, PR: 31)

local control

toxicity
scale

11.0
7.7;
1-yr: 15%
11.4;
1 yr: 50%

LP: 20%1
LP: 6.2%2

RTOG
RTOG

14.0;
1 yr: 60%
14.45;
1 yr: 56%

LP: 44%
LPFS (1-yr): 70.2 %;
LPFS (1-yr): 65%
LPFS (median): 11.4 mo

LP: 19%

grade 3-4
toxicity

0%
acute:
Gastroparesis:10.5%3
CTC 3.0
acute: gastric ulcer: 6.2%;
Late: duodenal stenosis: 6.2%;
Duodenal perforation: 6.2%4
RTOG acute: duodenal obstruction: 3.3%;
Late: 0%
CTC 3.0
GI ulcer: 16%6

1

local progressions: 0% in patients receiving 25 Gy; 2in patients receiving RRS; 3unreported rate of late duodenal ulcers; 4Five duodenal ulcers were
classified G2; 514.8 mo in M0 patients; 6Asymptomatic pyloric ulcer: 5.7%. CR: Complete response; GI: Gastrointestinal; LP: Local progression; LPFS: Local
progression free survival; NR: Not reported; PR: Partial response.

[17-20]

the dose was prescribed to the isodose that covered
[20]
at least 97% of the PTV , while in the last study it
[21]
was prescribed to 70% isodose . In the two studies
in which RRS was used as a boost, the median
[18]
prescribed dose to the target was 25 Gy in 1 study
[20]
and 16.5 Gy in the other study . In the studies
based on RRS alone, the median prescribed dose to
[17]
the target was 20 Gy in one study
and 25 Gy in 2
[19,21]
other studies
. All patients received chemotherapy
[18,19]
in 2 studies
, while in the other 3 studies the
percentage of patients treated with chemotherapy
[17,20,21]
was variable (6.6%-70.0%)
. In the 2 studies
reporting tumor response, the RECIST criteria were
[20,21]
used
. Toxicity evaluation was performed using the
[17,18,21]
RTOG scale in 3 studies
and the CTC scale in
[19,21]
the other 2 studies
.

was reported
with a percentage of tumors in the
head of the pancreas between 56.7% and 87.5%
(median: 67.3%). In 4 papers reporting the median
[17,18,20,21]
follow-up
, this was between 5 and 14.5 mo
(median: 7.2 mo). Table 3 shows the results of the
selected studies.
Only 2 studies showed the results in terms of
tumor response. In 1 study, a partial response rate of
[20]
68% was reported , while in another study a partial
response rate of 31% and a complete response rate of
[21]
13% (overall response rate: 44%) were reported .
The crude percentage of local progressions was
[17-20]
reported in 4 studies
with values ranging from
[20,21]
6.2% to 44.0% (median: 19.5%). Two studies
also reported 1-year local progression-free survival
with values of 65.0% and 70.2%, respectively. All
studies reported median survival, ranging from 7.7
[17-21]
mo to 14.4 mo (median 11.4 mo)
. In addition, 4
[18-21]
studies
presented the results in terms of 1-year
survival, with values ranging from 15% to 60%
(median: 53%).
In all studies, the only severe toxicity (grade
> 3) recorded was gastrointestinal. Three studies
reported cases of obstructive damage: 10.5% of
[18]
[19]
acute gastroparesis , 12.5% duodenal stenosis
[20]
and 3.3% of duodenal obstruction . The other type

Results: Table 2 reports patient and tumor characteristics
of the selected studies. All studies enrolled patients
with locally advanced cancer. However, in 3 trials
[17-19]
the clinical stage was not reported
, in 1 study
[20]
all patients had cT4 tumor stage , while in the last
study even metastatic patients (4/19: 21.1%) were
[21]
[17-20]
enrolled . Four studies
reported the GTV size,
3
which varied between 29.0 and 57.2 cm (median:
3
45.5 cm ). In 4 studies, the tumor site in the pancreas
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of gastrointestinal toxicity was ulcerative: 6.2% of
[19]
gastric ulcer and 6.2% of duodenal perforation
and
[21]
16% of gastrointestinal ulcer . It should be noted
that, in some cases, other cases of ulcerative damages
were reported but classified as grade < 3 toxicity.
[18]
More specifically, Koong et al
reported an unknown
[19]
number of late duodenal ulcers, Schellenberg et al
reported a percentage 31.2% of G2 ulcers and Goyal
[20]
et al
also described 1 case (5.7%) of asymptomatic
pyloric ulcer.

time could improve the antineoplastic effect by
avoiding the risk of tumor repopulation during the
treatment. From the technical point of view, the use
of robotic equipment is able to produce an extreme
spatial concentration of the dose potentially able
to reduce the risk of side effects. In addition, the
brevity of the treatment favors the integration with
systemic treatments, currently considered as a
standard therapeutic option in pancreatic cancer. In
order to analyze the results available in the scientific
literature, a systematic review was performed. Only
little evidence was found to be available on this topic.
In particular, only five studies were retrieved within
the last decade. These studies are methodologically
heterogeneous in terms of inclusion criteria, target
definition, dose prescription, chemotherapy usage and
criteria for toxicity assessment.
The various studies also present obvious metho
dological limitations: missing study design in 2
[19,21]
trials
, lack of justification of the sample size in
[18]
the phase Ⅱ study , no description of the definition
[17,18,21]
of the target in 3 studies
, inclusion of patients
[21]
with metastases in one study , inclusion of patients
[17,21]
previously irradiated in two studies
, and shortness
[17,18,21]
of the follow-up (< 10 mo) in 3 studies
, which
severely limits the reliability of the results, especially
in terms of late toxicity and rate of local progression.
Regarding the latter, it can be observed that the study
with higher incidence of local progression (44%)
is the one with the longer follow-up period (14.5
[20]
mo) . Even the reporting of results shows obvious
shortcomings: lack of description of the case series in
[17-20]
terms of tumor stage, lymph nodes in 4 studies
[21]
and tumor site in 1 study , no description of follow[19]
up observation time in 1 study , no description of
[17-19]
tumor response in 3 studies
, no description of
[17-19]
local control with actuarial analysis in 3 studies
,
and no description of the number of cases of duodenal
[18]
ulceration in 1 study .
With these limitations it is not possible to perform
some analyses on the studies evaluated in this
review. Indeed, the lack of description of target
definition prevents assessment of whether this issue
affects toxicity and local control. In addition, the lack
of description of tumor response or actuarial local
control, along with the variable use of chemotherapy,
the inhomogeneity of dose prescription methods and
of the doses administered within the different case
series, prevents analysis of dose response. However,
some considerations may be proposed. The few data
available on the response rate (ORR = 44%-68%)
appear at least comparable to those on standard
treatment based on concurrent chemoradiation with
[40-42]
conventional fractionation (0%-36%)
. Even more
interesting are the results in terms of survival (median,
11.4 mo) - quite similar to those recorded with
[32,43-50]
standard treatment (range: 8.6%-13.0%)
.
The most negative aspect reported in the analyzed
studies is represented by gastrointestinal toxicity,

DISCUSSION
Pancreatic cancer is highly aggressive, and very
little space to provide cure for patients is currently
available. Significant improvements in diagnostics for
staging, and both local (i.e., surgery and radiotherapy)
and systemic treatments (i.e., full dose chemotherapy,
molecular and immune response targeted therapies)
[23]
have been reported, however, during recent years .
Prognosis is in general dismal, with overall 5-year
survival rates inferior to 20% even for favorable
[24,25]
presentations
. Resections with microscopicallyfree margins (R0) still represent the optimal chance to
[26]
achieve best survival rates , but apart from upfront
resectable presentations (generally representing
10%-20% of cases), rates of R0 resection after
neoadjuvant treatments are still suboptimal for
locally advanced unresectable (LA) and borderline
[23,27,28]
resectable (BR) lesions
. Radiochemotherapy
(RTCT) has the potential to convert both LA (in around
[3,29]
23% to 40%)
and BR lesions (40% to 54%) to
[30,31]
resectable
. The role played by integrating RTCT
into the neoadjuvant schedules was questioned by
some recent Phase Ⅲ trials, although with non[32,33]
definitive results
. The new integration of modern
drugs and modern radiotherapy techniques could
[34,35]
enhance the efficacy of RTCT
. For instance,
intensity modulated radiotherapy (IMRT) provided
better clinical results in terms of both limitations of
[36]
[37]
treatment toxicity
and dose escalation . In this
frame, the intriguing potential of stereotatic body
radiotherapy (SBRT) to deliver a biologically high
effective dose to the tumor, in a much shorter interval
(1-5 fractions vs 25-30 fractions), almost without
interference with full dose chemotherapy opens new
perspectives in both research and routine clinical
[11]
activities . SBRT obtained clinical outcome for
survival at least comparable to the literature for LA
lesions in some preliminary experiments, and excellent
[7]
rates of local control over 90% . Moreover, SBRT
[38]
gained resection rates of up to 56% for BR lesions .
SBRT requires less time to be delivered and is easily
integrated with systemic therapies, therefore it also
has great potential in the palliative use of radiotherapy
[39]
for such tumors .
RRS of pancreatic cancer presents several theoretical
advantages. From the radiobiological point of view,
the extreme concentration of the dose in the short
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especially in terms of ulcerations. In particular, the
frequency of such complications has reached in
some cases very high rates, mostly for the trials
adding chemotherapy, while previous irradiation (for
treatments applying RRS as boost of dose) did not
clearly enhance toxicity. For example, in the series
by Schellenberg and colleagues, when grouping all
cases of ulceration regardless of the degree assigned
by the authors, the rate of ulcerations reached a
[19]
percentage of 43.7% of the patients . In contrast,
there have been no reports of severe hematological
toxicity, frequently observed in studies of concurrent
[32]
chemoradiation (G3-4: 30.9%) .
The use of a standard radiation treatment before
RRS does not appear to produce significant benefits.
In fact, of the 2 studies using RRS as a boost, one is
the paper showing the absolute worst results in terms
[20]
of local progression (44%)
and the other one is
the study reporting the worst survival (median: 7.7
[18]
mo) . There is no clear relationship between dose
and survival. The study showing the better survival
(median, 14.4 mo) employed relatively low doses
compared to other studies (20-25 Gy), with some
[21]
patients receiving fractionated treatment . On the
contrary, in the study with worse survival (median
7.7 mo) the highest dose (IMRT + RRS: 70 Gy) was
[18]
delivered . As previously noted, it is particularly
difficult to identify factors predictive of toxicity. For
[18]
example, in the study using the highest dose
the
rate of late ulcerations was not reported. However,
it may be noted that in another study using RRS as
[20]
a boost , the complication rate was relatively low
(3.3%), with no cases of ulceration. This fact might be
related to the relatively low dose of RRS (median: 16.5
Gy) or to the exclusion of patients with tumor invasion
of the duodenum.
On the other hand, the study with the highest
rate of ulcers (43.7%) and the only described case
of duodenal perforation was the one in which all
[19]
patients received a dose of 25 Gy RRS . The results
in terms of survival seem to suggest the usefulness of
integrating RRS with chemotherapy. In fact, in the 3
studies with best results in terms of survival (median:
11.4-14.4 mo) chemotherapy was prescribed in
[19-21]
68%-100% of patients
while in the 2 studies with
worse results (median: 7.7-11.0 mo) chemotherapy
[17]
was used only in 6.6% of patients
or only as
[18]
concomitant therapy to IMRT . Furthermore, it is also
possible that the imaging methods used in staging
and planning affected treatment outcome due to a
better patient selection. In fact, it can be noted that
[19-21]
in the same 3 studies with improved survival
RRS
simulation and planning were based both on pancreatic
18
protocol CT and on F-FDG-PET.
The overall conclusion is that future studies of RRS
or SBRT appear justified in cancers of the pancreas,
considering the practical benefits and the preliminary
outcomes, similar to those of standard radiotherapy
regimens. It would be helpful if these studies could
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report the dose-volume histogram parameters to
allow correlation analysis between dosimetric data and
toxicity. In addition, it would be useful if these studies
were planned as part of combined modality treatments
based on homogeneous and standard chemotherapy
regimens. Furthermore, treatment techniques should
be optimized to reduce the incidence of gastrointestinal
toxicity. Possible strategies for this purpose may be
based on the technique of simultaneous integrated
boost (SIB), with a possible reduction of the dose in
sites most at risk of ulceration (duodenal wall).
One of the most interesting perspectives of conco
mitant chemoradiation is the possibility of improving
[3]
the resectability rate in locally advanced tumors .
Therefore, further studies might be aimed at assessing
the role of RRS for the same purpose, possibly in
combination with neoadjuvant chemotherapy. In fact,
the brevity of the RRS would be a useful element to
integrate local radiotherapy with systemic therapy
and to reduce the delay of the surgery. Recent reports
suggest achievement of R0 resection rates up to 55%
and 10% for BR and LA presentations, respectively,
[51]
by the use of modern regimens like FOLFIRINOX .
To explore the potential of these schedules some
trials are ongoing testing the integration of stereotatic
treatments with new drugs like Nab-Paclitaxel
(Identifier: NCT02241551) or multidrug regimens like
FOLFIRINOX (Identifier: NCT01992705) to understand
if even better results are achievable and how toxic
such combinations could be.
Finally, it is well known that the treatment of
pancreatic tumors at an advanced stage has in most
cases a palliative aim and that most of these patients
suffer from abdominal and lumbar pain. Therefore, it
would be useful to evaluate the role of this technique in
pain control, even considering the advantage of using
a very brief treatment in patients with poor prognosis.
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Background

Pancreatic cancer is one of the most aggressive neoplastic lesions and its
prognosis is usually dismal even for more favorable presentations. In addition,
local disease progression can produce severe symptoms (pain, biliary and/or
intestinal obstruction, malnutrition) significantly worsening the quality of life
of patients. Traditionally, radiotherapy (usually associated with concurrent
and/or adjuvant chemotherapy) has been used to obtain a local control of the
disease. A conventional treatment course of radiotherapy requires on average
1-1.5 mo. This can sometimes be difficult to integrate with full-dose courses of
chemotherapy; thus, it is usually required to choose what approach to perform
first. One of the most promising and innovative techniques of radiotherapy is
robotic radiosurgery. Many technical features of this type of treatment delivery
make it appealing in the subset of primary treatments for pancreatic cancers.
Clinical evidence is still preliminary, but extremely promising.
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Research frontiers

The major impact in the treatment of pancreatic cancers is nowadays
represented by any attempt to improve the resection rates providing
microscopically-negative margins. That includes both the development of more
effective chemotherapeutic schedules and the optimization of more effective,
less toxic radiotherapy treatment courses. The introduction of a radiotherapy
technique allowing delivery of an efficient treatment in few or even one single
application could potentially lead to an ideal integration of radiotherapy with fulldose chemotherapy.

6

Innovations and breakthroughs

7

The described radiotherapy technique (i.e., robotic radiosurgery), from a
technological point of view represents the most advanced form of radiotherapy
treatment delivery. It requires particular treatment facilities, providing the highest
level of precision in targeting the lesions to irradiate. It allows the highest levels
of treatment conformation to the target, thus reducing the amount of normal
tissue involved in the radiotherapy fields. Moreover, it applies the delivery of
high radiotherapy doses in a short time that biologically increases the damage
to the tumor.

8

Applications

9

The increased level of awareness of the potential efficacy of the described
technique will lead to further investigation in the near future of what represents
one of the most promising and revolutionary treatment approaches, both
regarding its intrinsic efficacy and the possibility of widespread use of a most
effective regimen of integration with systemic treatments.

10

Terminology

Stereotactic body radiotherapy (SBRT): this is an external beam radiotherapy
technique able to deliver high radiation dose to an extra-cranial body target
with high precision in a single or few fractions. Robotic radiosurgery: this is a
specific type of SBRT treating patients by the delivery of a single large fraction
of radiation using a robotic linear accelerator. Robotic linear accelerator: this is
a particular type of linear accelerator (for radiotherapy), characterized by the
highest level of precision obtainable in the visualization of the target, imageguidance of the treatment delivery and device precision to conform the dose.

11

12

Peer-review

The authors systematically review currently available evidence on robotic
radiosurgery in the treatment of locally advanced pancreatic cancer. The topic
is interesting and timely and the literature review has been well conducted,
providing interesting points for discussion and inspiration for performing
prospective clinical trials with such novel RT delivery approaches.

13
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SYSTEMATIC REVIEWS

Helicobacter pylori and gastric mucin expression: A
systematic review and meta-analysis
Yaron Niv
th

performed up to December 31 2014, using MEDLINE,
PubMed, EMBASE, Scopus, and CENTRAL. Studies
comparing mucin expression in the gastric mucosa in
patients positive and negative for H. pylori infection,
were included. Meta-analysis was performed by using
Comprehensive meta-analysis software (Version 3,
Biostat Inc., Englewood, NJ, United States). Pooled
odds ratios (ORs) and 95% confidence intervals (CIs)
were calculated compared mucin expression in indi
vidual studies by using the random effects model.
Heterogeneity between studies was evaluated using the
Cochran Q -test, and it was considered to be present
2
if the Q -test P value was less than 0.10. I statistic
was used to measure the proportion of inconsistency
2
in individual studies, with I > 50% representing
substantial heterogeneity. We also calculated a potential
publication bias.
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AIM: To investigate the relationship between Heli
cobacter pylori (H. pylori ) and mucin expression in

RESULTS: Eleven studies, which represent 53 substudies of 15 different kinds of mucin expression, were
selected according to the inclusion criteria. Every kind
of mucin has been considered as one study. When
a specific mucin has been studied in more than one
paper, we combined the results in a nested metaanalysis of this particular mucin: MUC2, MUC6, STn,
Paradoxical con A, Tn, T, Type 1 chain mucin, LeA,
SLeA, LeB, AB-PAS, MUC1, and MUC5AC. The odds
ratio of mucin expression in random analysis was 2.33,
95%CI: 1.230-4.411, P = 0.009, higher expression
in H. pylori infected patients. Odds ratio for mucin
expression in H. pylori positive patients was higher
for MUC6 (9.244, 95%CI: 1.567-54.515, P = 0.014),
and significantly lower for MUC5AC (0.447, 95%CI:
0.211-0.949, P = 0.036). Thus, H. pylori infection
may increase MUC6 expression and decrease MUC5AC
expression by 924% and 52%, respectively.

METHODS: English Medical literature searches were
conducted for gastric mucin expression in H. pylori
infected people vs uninfected people. Searches were

CONCLUSION: H. pylori inhibits MUC5AC expression
in the gastric epithelium, and facilitates colonization. In
contrast, increased MUC6 expression may help inhibiting
colonization, using MUC6 antibiotics properties.
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gastric mucosa.
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also supplies a preferred environment for the bug
survival, protected from acid and pepsin.
We collected all the relevant studies that looked at
mucin expression in the gastric mucosa of H. pylori
infected patients in comparison with healthy controls.

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

Core tip: In this meta-analysis we looked at studies
that investigated the relationship between Helicobacter
pylori (H. pylori ) and mucin expression in the human
gastric mucosa. English Medical literature searches were
conducted for studies comparing mucin expression in
the gastric mucosa in patients positive and negative for
H. pylori infection. Meta-analysis was performed, and
pooled odds ratios were calculated compared mucin
expression in individual studies. Eleven studies, which
represent 53 sub studies of 15 different kinds of mucin,
were found. H. pylori inhibited MUC5AC expression and
facilitated colonization. In contrast, increased MUC6
expression may help inhibiting colonization, using MUC6
antibiotics properties.

MATERIALS AND METHODS
Search strategy

English Medical literature searches were conducted
for gastric mucin expression in H. pylori infected vs
uninfected people. Searches were performed through
th
December 31 2014, using MEDLINE, PubMed,
EMBASE, Scopus, and CENTRAL. Search terms were:
“Helicobacter pylori” OR “H. pylori” OR “Helicobacter”
AND “mucin”. Hand searches of articles were performed
after the initial search, and included article bibliography.
Only fully published human studies in English were
included (Figure 1).

Study selection

Niv Y. Helicobacter pylori and gastric mucin expression: A
systematic review and meta-analysis. World J Gastroenterol
2015; 21(31): 9430-9436 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i31/9430.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9430

Case-control studies comparing mucin expression in
the gastric mucosa in patients positive and in those
negative for H. pylori infection, were included. H.
pylori infection should be diagnosed with at least
one of the following method: histology, urease test,
13
C-urea breath test, stool antigen test or H. pylori
DNA. We selected only studies that used standard
immunohistochemistry with antibodies against mucin
proteins, and only those that expressed results by
percentage of moderate or strong positive staining.
Thus, studies where results were expressed with mean
± SD of staining scores were excluded, since metaanalysis could not be performed. We looked at all sorts
of mucins that have been studied, in most of the cases
more than one in a single study. In some of the studies
mucins were separately measured at the superficial
epithelium and the deep glands.

INTRODUCTION
Mucins are the main component of the mucus layer
attached to the gastric mucosa. These high molecular
weight glycoproteins give the mucus unstirred layer
the quality of viscosity and protect the mucosa form
bacterial invasion or damage of toxic material, pepsin
and acid. Mucin and Helicobacter pylori (H. pylori)
have a complicated relationship. On the one hand
this specific bacterium adopted to live in the mucin
environment, enable moving in the viscous material
by liquefying the surrounding mucin using urease and
higher pH, and on the other hand mucin has antibiotic
effect against the bug that control its proliferation and
[1-3]
aggressiveness .
There are 3 main mucin types expressed in the
gastric mucosa: MUC1, a membrane-bound mucin, and
MUC5AC and MUC6 that are secreted mucins. MUC5AC
is expressed mainly in the superficial epithelium and
[4]
MUC6 in the glands . Mucins are heavily glycosylated
with sugar side-chains, and relatively stable to the
active action of peptidases such as pepsin.
In this meta-analysis we looked at studies that
investigated the relationship between H. pylori and
mucin expression in the gastric mucosa. The possible
hypothesis that the bug suppresses mucin synthesis,
secretion and expression is controversial and some
small studies gave confusing results. Mucin secretion
could prevent aggressive behavior of H. pylori by
inhibition of the bug proliferation and movement, but

WJG|www.wjgnet.com

Data extraction

Mucin gene expression in the gastric mucosa com
pared quantitatively between the groups: patients
with and without H. pylori infection. In the first run we
considered every study where more than one mucin
compared as a composite of several studies, and
calculated all the sub-studies together. Then, in nested
calculations, we isolated comparisons of different
mucins, combined the sub-studies of different papers.

Statistical analysis

Meta-analysis was performed by using Comprehensive
meta-analysis software (Version 3, Biostat Inc.,
Englewood, NJ, United States). Pooled odds ratios
(ORs) and 95% confidence intervals (CIs) were
calculated compared mucin expression in individual
studies by using the random effects model.
Heterogeneity between studies was evaluated
using the Cochran Q-test, and it was considered to
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343 eligible papers generated by
the literature search
136 rejected (studies in animals,
not in English, not in full text)
207 full text, English papers
studies in human beings
188 excluded (editorials,
duplications, review articles)
19 case-controls studies
comparing mucin expression
8 excluded as not fulfilling the
inclusion criteria
11 case-controls studies, in which
results were expressed as percentage
of moderate or strong staining

Figure 1 Flow chart of the articles identified in the meta-analysis.

be present if the Q-test P value was less than 0.10.
2
I statistic was used to measure the proportion of
2
inconsistency in individual studies, with I > 50%
representing substantial heterogeneity. We also
calculated a potential publication bias.

mucin: MUC2 (3 papers, 4 studies) (Figure 3A), MUC6
(6 papers, 11 studies) (Figure 3B), STn (4 papers, 5
studies) (Figure 3C), Paradoxical con A, Tn, T, Type
1 chain mucin, LeA, SLeA, LeB, AB-PAS (5 papers,
12 studies) (Figure 3D), MUC1 (4 papers, 4 studies)
(Figure 3E), and MUC5AC (5 papers, 7 studies) (Figure
4).
Eleven papers represent 53 sub-studies of 15
different kinds of mucin expression (Figure 2A). The
odds ratio of mucin expression in random analysis was
2.33, 95%CI: 1.230-4.411, P = 0.009, higher in H.
pylori infected patients. Funnel plot denies a significant
publication bias (Figure 2B). There was significant
heterogeneity in the included studies: Q = 190.6, df (Q)
2
= 43, I = 77.4, P < 0.0001.
Odds ratio for mucin expression in H. pylori
positive patients was higher for MUC2 (2.835, 95%CI:
0.890-9.035, P = 0.078; Figure 3A), MUC6 (9.244,
95%CI: 1.567-54.515, P = 0.014; Figure 3B), STn
(1.511, 95%CI: 0.106-21.533, P = 0.761; Figure
3C), PcA, Tn, T, T1, LeA, SLeA, LeB, TN, and ABPAS taken together (2.315, 95%CI: 0.824-6.503, P
= 0.111, Figure 3D), and for MUC1 (3.675, 95%CI:
0.208-64.844, P = 0.374; Figure 3E). Odds ratio for
mucin expression in H. pylori positive patients was
lower only for MUC5AC (0.447, 95%CI: 0.211-0.949, P
= 0.036; Figure 4). Thus, H. pylori infection increased
MUC6 expression and decreased MUC5AC expression
by 924% and 52%, respectively.

RESULTS
All together we found 19 studies in human beings
that measured gastric mucin staining intensity, using
immunohistochemistry, and compared the staining
score between positive and negative H. pylori patients
[5-21]
(Figure 1)
. Eight studies were excluded for using
average score and standard deviation for comparison
of H. pylori positive and negative states, thus, metaanalysis could not be performed. From the results
of these papers we could not retrieve the relative
strength of each study as we could for studies where
results were expressed as percentage of moderate
or strong staining. We were left with 11 studies that
fulfilled the inclusion criteria, published between 1997
to 2012 from 10 countries, 1 from United States,
1 from Argentina, 4 from Europe (Italy, Portugal,
England and Turkey) and 5 from Asia (2 Japan, 1 Hong
Kong, 1 China, 1 Israel).
Each study looked at 1 to 7 different kinds of
mucin. All together 15 kinds of mucin were studies:
MUC1, MUC2, MUC3, MUC5AC, MUC6, Paradoxical con
A (PcA), Tn Ag (Tn), Sialyl Tn Ag (STn), T Ag (T), Type
1 chain mucin (T1), Lewis A Ag (LeA), Sialyl Lewis A
Ag (SLeA), Lewis B Ag (LeB), T Ag after treatment
with neuroaminidase (TN), AB-PAS positive (Figure 2).
Every kind of mucin has been considered as one
study, thus we had 53 studies investigated 15 different
mucins (Figure 2A). When a specific mucin has been
studied in more than one paper, we combined the
results in a nested meta-analysis of this particular
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DISCUSSION
Higher mucin expression in the gastric epithelium of
H. pylori positive patients than in healthy controls
was demonstrated. This observation has a limited
importance since mucins synthesis in the gastric
epithelium is a complex of many processes, and
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A
Study name

Byrd JC
Byrd JC
Byrd JC
Byrd JC
Byrd JC
Byrd JC
Byrd JC
Byrd JC
Ota H
Ota H
Ota H
Ota H
Ota H
Ota H
Ota H
Barresi G
Barresi G
Barresi G
Vinall LE
Vinall LE
Vinall LE
Cohen M
Cohen M
Cohen M
Cohen M
Tanaka S
Xia HH
Xia HH
Xia HH
Xia HH
Xia HH
Kocer B
Kocer B
Marques T
Marques T
Wang RQ
Wang RQ
Wang RQ
Wang RQ
Wang RQ
Wang RQ
Boltin D
Boltin D
Boltin D

Subgroup within study

Comparison

MUC5AC glands
MUC5AC surface
MUC6 glands
MUC6 surface
Paradoxical con A glands
Paradoxical con A surface
Sialyl Tn glands
STn surface
Lewis A
Lewis B
Sia Lewis A
STn
T
Tn
Type 1 chain mucin
STn
T Ag
T Ag + neuraminidase
MUC1
MUC5AC
MUC6
AB-PAS sulfomucin
MUC1
MUC2
STn children
AB-PAS
MUC6 Antrum Foveola
MUC6 Body Foveola
MUC6 Body Glands
MUC6 Incisura Foveola
MUC6 Incisura Glands
MUC1
MUC2
MUC5AC
MUC6
MUC1 pericancer mucosa
MUC2 intestinal metaplasia
MUC2 pericancer mucosa
MUC3 pericancer
MUC5AC pericancer
MUC6 pericancer
MUC5AC gland
MUC5AC surface
MUC6 gland

Time point

USA
USA
USA
USA
USA
USA
USA
USA
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Italy
Italy
Italy
England
England
England
Argentina
Argentina
Argentina
Argentina
Japan
Hong Kong
Hong Kong
Hong Kong
Hong Kong
Hong Kong
Turkey
Turkey
Portugal
Portugal
China
China
China
China
China
China
Israel
Israel
Israel

1997
1997
1997
1997
1997
1997
1997
1997
1998
1998
1998
1998
1998
1998
1998
2001
2001
2001
2002
2002
2002
2003
2003
2003
2003
2003
2004
2004
2004
2004
2004
2004
2004
2005
2005
2006
2006
2006
2006
2006
2006
2012
2012
2012

Statistics for each study

Odds ratio and 95%CI

Odds
ratio

Lower
limit

Upper
limit

Z -value

P -value

0.519
0.265
0.036
25.714
4.245
28.364
0.133
3.526
5.250
5.800
2.800
0.025
0.818
0.018
1.909
1.838
4.000
1.037
20.192
0.385
0.548
79.222
961.000
5.741
961.000
0.444
39.950
5445.000
5445.000
142.043
18.333
0.375
0.727
1.900
2.500
0.167
7.600
4.000
1.714
0.125
0.227
1.440
0.463
1.432
2.330

0.044
0.087
0.002
3.059
0.194
3.276
0.007
0.138
0.502
0.210
0.255
0.001
0.106
0.001
0.164
0.576
0.412
0.288
2.505
0.069
0.153
3.867
17.909
0.253
17.909
0.063
7.935
105.099
105.099
7.928
1.040
0.096
0.190
0.322
0.609
0.039
1.350
1.052
0.329
0.027
0.056
0.250
0.018
0.087
1.230

6.078
0.802
0.660
216.134
93.104
245.544
2.697
89.981
54.911
160.397
30.703
0.537
6.337
0.395
22.202
5.865
38.844
3.736
162.744
2.164
1.966
1622.842
51566.381
130.372
51566.381
3.112
201.135
282095.366
282095.366
2544.916
323.090
1.471
2.790
11.200
10.261
0.711
42.799
15.207
8.943
0.580
0.915
8.292
11.678
23.637
4.411

-0.522
-2.350
-2.241
2.989
0.918
3.038
-1.313
0.763
1.384
1.038
0.843
-2.359
-0.192
-2.549
0.517
1.029
1.195
0.056
2.823
-1.083
-0.922
2.838
3.380
1.097
3.380
-0.817
4.472
4.271
4.271
3.366
1.987
-1.047
-0.464
0.709
1.272
-2.421
2.300
2.035
0.640
-2.657
-2.085
0.408
-0.467
0.251
2.597

0.602
0.019
0.025
0.003
0.359
0.002
0.189
0.446
0.166
0.299
0.399
0.018
0.848
0.011
0.605
0.304
0.232
0.956
0.005
0.279
0.356
0.005
0.001
0.273
0.001
0.414
0.000
0.000
0.000
0.001
0.047
0.159
0.642
0.478
0.203
0.015
0.021
0.042
0.522
0.008
0.037
0.683
0.640
0.802
0.009
0.01

0.1
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Figure 2 Meta-analysis of studies comparing mucin expression in the gastric epithelium of Helicobacter pylori positive and negative patients (A) and
funnel plot for publication bias (B). Including 11 papers and 53 studies.
[2]

involved different kinds of secreted and membranebound mucins. But, nested evaluation of gastric
specific mucins, MUC5AC and MUC6 revealed a very
interesting observation. The main mucin that protect
the gastric surface epithelium is MUC5AC, which
also responsible for H. pylori adhesion to LeA and
[1]
LeB antigens . We observed a decrease in MUC5AC
expression in H. pylori positive patients, explained by

WJG|www.wjgnet.com

the inhibition of galactosyltransferase . The decrease
in MUC5AC expression may facilitate H. pylori
swimming and attaching the epithelium, become closer
to the mucosa, and facilitate its nutrition support. On
the other hand MUC6 expression increased in H. pylori
positive patients. MUC6 has an antibiotic effect on
H. pylori, and may be part of the stomach defensive
[3]
mechanisms against the bug . Only these changes
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A
Study
name

Subgroup within study

Comparison

Time
point

Statistics for each study
Lower Upper limit Z -value P -value
limit
0.253
130.372
1.097
0.273

Cohen M

MUC2

Argentina

2003

Odds
ratio
5.741

Kocer B

MUC2

Turkey

2004

0.727

0.190

2.790

-0.464

0.642

Wang RQ

MUC2 intestinal metaplasia

China

2006

7.600

1.350

42.799

2.300

0.021

Wang RQ

MUC2 pericancer mucosa

China

2006

4.000

1.052

15.207

2.035

0.042

2.835

0.890

9.035

1.762

0.078

Odds ratio and 95%CI

0.01

0.1

1

Lower MUC2 expression

10

100

Higher MUC2 expression

B
Study
name

Subgroup within study

Byrd JC
Byrd JC
Vinall LE
Xia HH
Xia HH
Xia HH
Xia HH
Xia HH
Marques T
Wang RQ
Boltin D

MUC6 glands
MUC6 surface
MUC6
MUC6 Antrum Foveola
MUC6 Body Foveola
MUC6 Body Glands
MUC6 Incisura Foveola
MUC6 Incisura Glands
MUC6
MUC6 pericancer
MUC6 gland

Comparison

USA
USA
England
Hong Kong
Hong Kong
Hong Kong
Hong Kong
Hong Kong
Portugal
China
Israel

Time
point
1997
1997
2002
2004
2004
2004
2004
2004
2005
2006
2012

Odds
ratio
0.04
25.71
0.55
39.95
5445.00
5445.00
142.04
18.33
2.50
0.23
1.43
9.24

Odds ratio and 95%CI

Statistics for each study
Lower Upper limit Z -value P -value
limit
0.00
0.66
-2.24
0.03
3.06
216.13
2.99
0.00
0.15
1.97
-0.92
0.36
7.93
201.13
4.47
0.00
105.10 282095.34
4.27
0.00
105.10 282095.34
4.27
0.00
7.93
2544.92
3.37
0.00
1.04
323.09
1.99
0.05
0.61
10.26
1.27
0.20
0.06
0.92
-2.08
0.04
0.09
23.64
0.25
0.80
1.57
54.52
2.46
0.01
0.01

0.1

1

Lower MUC6 expression

10

100

Higher MUC6 expression

C
Study
name

Subgroup within study

Comparison

Time
point

Statistics for each study
Lower Upper limit Z -value P -value
limit
0.007
2.697
-1.313
0.189

Byrd JC

STn glands

USA

1997

Odds
ratio
0.133

Byrd JC

STn surface

USA

1997

3.526

0.138

89.981

0.763

0.446

Ota H

STn

Japan

1998

0.025

0.001

0.537

-2.359

0.018

Barresi G

STn

Italy

2001

1.838

0.576

5.865

1.029

0.304

Cohen M

STn children

Argentina

2003

961.000

17.909

51566.381

3.380

0.001

1.511

0.106

21.533

0.304

0.761

Odds ratio and 95%CI

0.01

0.1

1

Lower STn expression

10

100

Higher STn expression

D
Study
name
Byrd JC
Byrd JC
Ota H
Ota H
Ota H
Ota H
Ota H
Ota H
Barresi G
Barresi G
Cohen M
Tanaka S

Subgroup within study

Paradoxical con A glands
Paradoxical con A surface
Lewis A
Lewis B
Sia Lewis A
T Ag
Tn Ag
Type 1 chain mucin
T Ag
T Ag + neuraminidase
AB-PAS sulfomucin
AB-PAS

Comparison

USA
USA
Japan
Japan
Japan
Japan
Japan
Japan
Italy
Italy
Argentina
Japan

Time
point
1997
1997
1998
1998
1998
1998
1998
1998
2001
2001
2003
2003

Odds
ratio
4.245
28.364
5.250
5.800
2.800
0.818
0.018
1.909
4.000
1.037
79.222
0.444
2.315

Statistics for each
Lower Upper limit
limit
0.194
93.104
3.276
245.544
0.502
54.911
0.210
160.397
0.255
30.703
0.106
6.337
0.001
0.395
0.164
22.202
0.412
38.844
0.288
3.736
3.867
1622.842
0.063
3.112
0.824
6.503

Odds ratio and 95%CI

study
Z -value P -value
0.918
3.038
1.384
1.038
0.843
-0.192
-2.549
0.517
1.195
0.056
2.838
-0.817
1.593

0.359
0.002
0.166
0.299
0.399
0.848
0.011
0.605
0.232
0.956
0.005
0.414
0.111
0.01

0.1

Lower mucin expression
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E

Odds ratio and 95%CI
Study
name

Subgroup within study

Comparison

Time
point

Statistics for each study
Lower Upper limit Z -value P -value
limit
2.505
162.744
2.823
0.005

Vinall LE

MUC1

England

2002

Odds
ratio
20.192

Cohen M

MUC1

Argentina

2003

961.000

17.909

51566.381

3.380

0.001

Kocer B

MUC1

Turkey

2004

0.375

0.096

1.471

-1.407

0.159

MUC1 pericancer

China

2006

0.167

0.039

0.711

-2.421

0.015

3.675

0.208

64.844

0.889

0.374

Wang RQ

0.01

0.1

1

Lower MUC1 expression

10

100

Higher MUC1 expression

Figure 3 Nested meta-analysis of studies comparing specific mucins in the gastric epithelium demonstrating increased mucin expression in Helicobacter
pylori positive than in Helicobacter pylori negative patients. A: MUC2 (3 papers and 4 studies); B: MUC6 (6 papers and 11 studies); C: STn (4 papers and 5
studies); D: PcA, Tn, T, T1, LeA, SLeA, LeB, TN, AB-PAS (5 papers and 12 studies); E: MUC1 (4 papers, 4 studies).
Study
name

Subgroup within study

Comparison

Time
point

Statistics for each study
Lower Upper limit Z -value P -value
limit
0.044
6.078
-0.522
0.602

Byrd JC

MUC5AC gland

USA

1997

Odds
ratio
0.519

Byrd JC

MUC5AC surface

USA

1997

0.265

0.087

0.802

-2.350

0.019

Vinall LE

MUC5AC

England

2002

0.385

0.069

2.164

-1.083

0.279

Marques T

MUC5AC

Portugal

2005

1.900

0.322

11.200

0.709

0.478

Wang RQ

MUC5AC pericancer

China

2006

0.125

0.027

0.580

-2.657

0.008

Boltin D

MUC5AC gland

Israel

2012

1.440

0.250

8.292

0.408

0.683

Boltin D

MUC5AC surface

Israel

2012

0.463

0.018

11.678

-0.467

0.640

0.447

0.211

0.949

-2.097

0.036

Odds ratio and 95%CI

0.01

0.1

1

10

100

Lower MUC5AC expression Higher MUC5AC expression

Figure 4 Nested meta-analysis of sub-studies demonstrating decrease MUC5AC expression in the gastric epithelium of Helicobacter pylori positive than
in Helicobacter pylori negative patients. Including 5 papers and 7 studies.

in MUC5AC and MUC6 achieved statistical significance
when patients positive and negative for H. pylori
infection were compared.
Interestingly, there is increase in MUC1 expression in
H. pylori positive patients (not significant). MUC1 is the
main membrane-bound mucin in the gastrointestinal
epithelium, and in addition to direct protection against
bacteria and toxic material functions as a receptor,
with cross talk ability with intracellular, cytoplasmatic
proteins such as β-catenin, glycogen synthase kinase,
APC and E-cadherin. Increase in MUC1 expression may
facilitate the activation of the Wnt pathway and nuclear
NF-κB. The effect of H. pylori infection on MUC1 should
be further explored, since this may be a way for the
bug to exert its carcinogenesis potential toward gastric
adenocarcinoma or MALT lymphoma.
Other mucins studies did not present a stable
direction for mucin expression when H. pylori positive
and negative patients were compared. Nested
collections of these studies for MUC2, STn, Tn, T, T1,
TN, PcA, AB-PAS and MUC1 could not reach statistical
significance (Figure 2A, 2C-E).
Our paper has several limitations. First, our metaanalysis is based on studies that used different
immunohistochemical methods, antibodies against
many kinds of mucins that manufactured by different
companies. Second, we could only use studies

WJG|www.wjgnet.com

comparing proportion of positive expression, and
to exclude 9 papers that compared average scores.
Third, the study performed in different populations of
patients as well as different H. pylori species, about
which we have no data. Thus, caution should be taken
in interpreting the results.
In conclusion, H. pylori may inhibit MUC5AC ex
pression by the human gastric epithelium, and thus
facilitate colonization. In contrast, increased MUC6
expression may help inhibiting colonization using
MUC6 antibiotics properties.
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Three main mucin types are expressed in the gastric mucosa: MUC1, a
membrane-bound mucin, MUC5AC and MUC6, which are secreted mucins.
MUC5AC is expressed mainly at the superficial epithelium and MUC6 in the
glands. Change in mucin expression was described in Helicobacter pylori (H.
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using urease and higher pH, and on the other hand mucin has antibiotic effect
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against the bug that control its proliferation and aggressiveness.
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relationship between H. pylori and mucin expression in the gastric mucosa.
The possible hypothesis that the bug suppresses mucin synthesis, secretion
and expression is controversial and some small studies gave confusing results.
Mucin secretion could prevent aggressive behavior of H. pylori by inhibition of
the bug proliferation and movement, but also supplies a preferred environment
for the bug survival, protected from acid and pepsin.
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Applications
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The study results suggest that manipulation of mucin secretion by the gastric
mucosa may contribute to better eradication therapy of H. pylori.
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gastric adenocarcinoma or lymphoma. The mucous layer, composed of mucins,
are the barrier from bacterial invasion and have an important role in the body
defense mechanisms.
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Abstract

Maria de Fátima do Nascimento Vieira Lopes, Service of
Gastroenterology, Clínica Girassol, Luanda 1215, Angola

Primary adenocarcinoma of the small intestine occurs
in over 50% of cases in the duodenum. However,
its location in the third and fourth duodenal portions
occurs rarely and is a diagnostic challenge. The aim
of this work is to report an adenocarcinoma of the
third and fourth duodenal portions, emphasizing its
diagnostic difficulty and the value of video capsule
endoscopy. A man, 40 years old, with no medical
history, with abdominal discomfort and progressive
fatigue, presented four months ago with one episode
of moderate melena. The physical examination
was normal, except for mucosal pallor. Blood tests
were consistent with microcytic, hypochromic iron
deficiency anemia with 7.8 g/dL hemoglobin. The
upper and lower endoscopy were normal. Additional
work-up with video capsule endoscopy showed a
polypoid lesion involving the third and fourth portions
of the duodenum. Biopsy showed a moderately
differentiated adenocarcinoma. Abdominal computed
tomography showed a wall thickening from the third
duodenal portion to the proximal jejunum, without
distant metastasis. The patient underwent segmental
resection (distal duodenum and proximal jejunum) with
duodenojejunostomy. The surgical specimen histology
confirmed the biopsy diagnosis, with transmural
infiltration, without nodal involvement. Conclusion:
Adenocarcinoma of the third and fourth portions of the
duodenum is difficult to diagnose and capsule endoscopy
is of great value.
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microcytic, hypochromic iron deficiency anemia with
6
3
3.49 × 10 /mm RBC, 7.8 g/dL hemoglobin, 27.5%
hematocrit, 79 fL MCV, 22.5 pg MCH, 28.4 g/dL MCHC,
3
22.6% RDW, 915000/mm platelets, and 13 ng/mL
serum ferritin. Urine analysis, serum liver function
test (LFT), hemolysis markers, and serum electrolytes
were unremarkable. Upper gastrointestinal endoscopy
nd
(until the 2 duodenal portion) and colonoscopy were
normal. Further investigation, using video capsule
endoscopy, in the outpatient setting, showed polypoid
lesions involving the third and fourth portions of the
duodenum (Figure 1). The biopsy showed a moderately
differentiated adenocarcinoma. Abdominal CT showed
a wall thickening involving the third and fourth portions
of the duodenum and proximal jejunum, with no
clear cleavage lines with adjacent structures without
evidence of nodal and distant metastasis (Figure 2).
The patient underwent a segmental resection of the
duodenum (third and fourth portions) and proximal
jejunum, with duodenojejunostomy. The pathological
examination of the surgical specimen confirmed a
moderately differentiated adenocarcinoma infiltrating
the wall of the organ without lymph node metastasis
(Figure 3). The patient underwent a follow-up by
oncology.

Core tip: Third and/or fourth duodenal portion adeno
carcinoma is a rare disease, associated with a vague
clinical picture and a diagnostic challenge. Capsule
endoscopy has shown a higher accuracy compared to
conventional endoscopic methods. This case reports
the occurrence of adenocarcinoma of the third and
fourth duodenal portions and the value of capsule
endoscopy to minimize the diagnostic difficulty.
Paquis s i FC, Lima A H F BP, Lopes M F N V, D iaz FV.
Adenocarcinoma of the third and fourth portions of the
duodenum: The capsule endoscopy value. World J Gastroenterol
2015; 21(31): 9437-9441 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i31/9437.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9437

INTRODUCTION
The small intestine is approximately 75% of the length
and 90% of the mucosal surface of the gastrointestinal
tract but represents only 2% to 5% of all primary
malignant gastrointestinal tumors. Tumors in the
small intestine are about 13 to 18 times less common
than colon cancer, despite its exposure to a variety of
[1,2]
endogenous and exogenous harmful substances .
Histologically, there are four subtypes of malignant
tumors of the small intestine: adenocarcinomas
(around 40%); neuroendocrine tumors (35% to 40%);
[3,4]
lymphomas (15%) and sarcomas (11% to 13%) .
When distributed by segments, adenocarcinomas
are more common in the duodenum and proximal
jejunum, neuroendocrine tumors and lymphomas are
more common in the distal portions, while sarcomas
[3,5]
have diffuse distribution .
Duodenal adenocarcinoma represents appro
ximately 0.5% of all malignant gastrointestinal
tumors and the most studied of them are those
located in the first and second (most periampullary)
[6,7]
portions . The location of this tumor in the third
and/or fourth duodenal portion is rare, presents with
non-specific symptoms and is of difficult diagnosis
[8]
using conventional endoscopic methods . In this
paper is presented an adenocarcinoma of the third and
fourth portions of the duodenum, with review of the
literature, emphasizing the difficulties and the value of
video capsule endoscopy for diagnosis.

DISCUSSION
This case represents a rare location of primary
[8]
duodenal adenocarcinoma in a younger patient
compared to the average peak incidence of duodenal
adenocarcinoma shown in literature (seventh decade
[9]
of life), with a slight predominance for males .
The patient was younger, and there was no known
condition associated with early occurrence, such as
[10]
inflammatory bowel disease , familial adenomatous
polyposis, or hereditary nonpolyposis colorectal cancer,
[11]
in which cancer presents earlier (median 39 years)
in his personal and/or family medical history .
The clinical picture of adenocarcinoma in the third
and fourth portions occurs with rather non-specific
symptoms. Unlike periampullary tumors, whose main
clinical picture is jaundice and other clinical aspects
from the obstruction of the hepatobiliary-pancreatic
[7]
system , in third and fourth portion tumors there are
non-specific symptoms such as vague abdominal pain,
weight loss, anemia symptoms, but no frank bleeding,
and more rarely, bowel obstruction dominates the
[12,13]
clinical picture
. In this case, the duration of
symptoms before diagnosis was 4 mo, that is within
[7]
the average literature range (from 1.4 to 8 mo) One
study showed worse 2-year survival rate associated
[14]
with 4 mo or longer duration .
In routine work-up, both upper and lower endo
scopy were normal. This situation is a substratum for
missing tumors in the third and/or fourth portions,
and is often worsened by the low index of clinical
suspicion, which usually delays the diagnosis, resulting
in advanced disease at diagnosis and decreasing

CASE REPORT
A man, 40 years old, with no medical history, pre
sented with epigastric and mesogastric discomfort and
progressive fatigue, with four months of evolution; and
reported an episode of melena in moderate quantity.
Physical examination was normal except for mucosal
pallor. The laboratory findings were consistent with
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A

B

C

D

Figure 1 Capsule endoscopy findings in the 3rd and 4th portions of the duodenum. A: Polypoid and multilobular lesion; B, C: partially obstructing the lumen; C, D:
ulcerated with low-flow bleeding.

indications for its use are the evaluation of obscure
[17,18]
gastrointestinal bleeding, and Crohn’s disease
.
Its sensitivity and specificity for diagnosing a small
bowel tumor is 88.9% to 95% and 75% to 95%
respectively, in the setting of obscure gastrointestinal
[16,19]
bleeding
. Tumors are found in about 3% to 9%
of patients undergoing this procedure for evaluation
of obscure gastrointestinal bleeding, and 50% to 60%
[18]
were malignant . Video capsule endoscopy has also
been used for the evaluation of patients with certain
disorders that increase the risk of tumors of the small
[18]
intestine, such as familial adenomatous polyposis .
Treatment of primary duodenal adenocarcinoma
depends on the location and staging. In this case,
rd
th
a segmental resection of the duodenum (3 and 4
portions) and the proximal jejunum (20 cm from
duodenojejunal flexure), with primary duodenojejuno
stomy was performed. This approach was preferred
to more extensive resection, because it provides
equivalent survival rates to extensive resections (since
it is possible to achieve negative margins), with the
benefit of lower morbidity than that associated with
[20]
pancreaticoduodenectomy
and even better survival,
[21]
as was shown in one study . Currently, extensive
pancreaticoduodenectomy applies more to tumors of
st
nd
[22]
the proximal duodenum (1 and 2 portions) .
The pathological examination of the surgical
specimen confirmed a moderately differentiated
adenocarcinoma, which is the most common histolo
[3,23]
gical grade
, that infiltrates the three layers of the
wall, without invasion of adjacent organs or metastasis

Figure 2 Abdominal computed tomography scan demonstrating a
thickening of the wall involving the 3rd and 4th portions of duodenum,
narrowing its lumen (arrows), without clear lines of cleavage with
adjacent structures and with no evidence of nodal and distant
metastasis.
[7,15]

the rate of potentially curative resections
. After
nondiagnostic conventional endoscopic tests, in the
setting of iron deficiency anemia, it is worth having a
high index of suspicion for tumors beyond the second
portion and to carry on the work-up using a method
of greater accuracy for these tumors, the endoscopic
[8,16]
capsule
.
Capsule endoscopy is a non-invasive procedure
that uses a wireless endoscopic device that allows
imaging of the gastrointestinal tract. In this case,
it was a valuable tool that allowed complete small
bowel exploration in the ambulatory setting. The main
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Figure 3 Histological findings of surgical specimen demonstrating moderately differentiated adenocarcinoma, infiltrating the wall thickness (A) (HE,
magnification × 5), with areas of cribriform appearance due to fusion of glands and areas of necrosis (B) (HE, magnification × 10); A higher magnification,
demonstrating dysplastic aspect of epithelium, loss of polarity and cell dysplasia (C) (HE, magnification × 100) and (D) (HE, magnification × 200). HE:
Hematoxylin and eosin.
portions duodenal cancer.

to the lymph nodes, and surgical margins were
negative for tumor cells. Therefore, it was a stadium
Ⅱ tumor (T3 N0 M0), that is the most frequent
[12,24]
stage for adenocarcinoma in this site
. Despite
negative margins and no lymph node involvement, the
combination of 3 variables present in this case - tumor
extension, histological grade and transmural invasion [6]
are associated with poor prognosis .
With regard to the adjuvant treatment, there is no
established protocol for small bowel adenocarcinomas,
[25]
due to the lack of randomized trials ; and the few
available data from retrospective studies have shown
[26]
no statistically significant overall survival benefit .
As with treatment, there is no established follow-up
protocol for patients with resected adenocarcinoma of
the small intestine. In this case, the patient continued
follow-up by oncologist.
Malignant tumors of the small intestine, although
rare, should be part of the differential diagnosis in the
investigation of obscure gastrointestinal bleeding and
the high index of suspicion and appropriate use of
endoscopic capsule are of great value.

Clinical diagnosis

Small intestine examination with video capsule endoscopy revealed a
multilobular tumor, ulcerated with low-flow bleeding lesion in the third and fourth
duodenal portions.

Differential diagnosis

Upper gastrointestinal endoscopy (until the 2 nd duodenal portion) and
colonoscopy were performed to rule out stomach and colon bleeding
respectively.

Laboratory diagnosis

Blood tests demonstrated RBC 3.49 × 106/mm3; hemoglobin 7.8 g/dL; MCH 79
fL and serum ferritin 13 ng/mL. Metabolic panel and liver function tests were
within normal limits.

Imaging diagnosis

Abdominal computed tomography demonstrated a wall thickening involving
third and fourth duodenal portions and proximal jejunum, without evidence of
nodal and distant metastasis.

Pathological diagnosis

The histopathological examination of the surgical specimen demonstrated a
three layer infiltrating adenocarcinoma, without lymph node invasion, with free
surgical margins.

COMMENTS
COMMENTS

Treatment

Case characteristics

Segmental resection of the duodenum (3 rd and 4th portions) and proximal
jejunum (20 cm from duodenojejunal flexure) was performed, with primary
duodenojejunostomy.

A 40-year-old male presenting with abdominal discomfort and progressive
fatigue due to severe anemia by continuous bleeding from third and fourth
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Experiences and lessons

Malignant tumors of the third and fourth duodenal portions are a diagnostic
challenge using conventional endoscopic tests; a high index of suspicion and
appropriate use of the endoscopic capsule is of great value for early diagnosis.
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The authors reported primary adenocarcinoma of the 3rd/4th portions of the
duodenum in a 40-year-old man. Blood tests revealed microcytic, hypochromic
iron deficiency anemia. Upper gastrointestinal endoscopy and colonoscopy
were normal, but the polypoid lesions with low-flow bleeding were observed by
video capsule endoscopy.
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Abstract
A pancreatic paraganglioma is a rare neoplasm that
is difficult to distinguish from a pancreatic neuroen
docrine tumour. Here we present a case of pancreatic
paraganglioma that was surgically resected following
preoperative diagnosis of a pancreatic neuroendocrine
tumour. Careful evaluation of the endoscopic ultra
sonography findings revealed abundant draining ves
sels, which could have led to a correct preoperative
diagnosis of pancreatic paraganglioma.
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Core tip: Pancreatic paraganglioma is a rare disease,
which has been reported only in 24 cases ever. Invasive
procedures toward paragangliomas carry the potential
risk of catastrophic complications due to unexpected
release of large quantities of catecholamines. An
accurate diagnosis of paraganglioma, therefore, is
important before invasive procedures. Draining vessels
from the tumour are sometimes observed in a general
paraganglioma. However, it is still unclear in the pan
creatic paraganglioma. In the present report, usefulness
of draining vessels for a diagnosis of pancreatic para
ganglioma was investigated by reviewing past cases.
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the tumour appeared as a low-intensity lesion in a T1weighted magnetic resonance image (MRI) and as a
high-intensity lesion in a T2-weighted MRI (Figure 1D
and E, respectively). Endoscopic ultrasonography (EUS)
showed a well demarcated, low, and uneven echoic
tumour surrounded by draining vessels emanating
from the tumour (Figure 1F and G). We did not
attempt EUS-guided fine needle aspiration (FNA) for a
pathological examination because of the possible risk
of bleeding due to the extremely abundant vascularity
of the tumour. On the basis of these imaging findings,
we made a preoperative diagnosis of a nonfunctional
pNET. Pancreaticoduodenectomy was performed. The
resected specimen included a tumour measuring 1.5
cm × 1.2 cm (Figure 2A). The tumour was located at
the caudal part of pancreas head and partially adjacent
to the second portion of duodenum. The tumour was
isolated from major arteries and veins. Histological
examination revealed a classical Zellballen pattern,
with nests of cells surrounded by thick capsules (Figures
2B and C). The tumour was surrounded by normal
pancreatic parenchyma. Immunohistochemistry
examination of the tumour cells showed positive
staining for CD56, synaptophysin, and chromogranin A
and negative staining for insulin, glucagon, gastrin, and
somatostatin. The tumour cells were surrounded by
S-100 protein-positive sustentacular cells (Figure 2D).
These results suggested that the tumour cells were
differentiated toward neuroendocrine cells, but did
not express any islet hormones. Epithelial membrane
antigen staining was negative in the tumour cells but
positive in the pancreatic ducts remaining within the
tumour (Figure 2E). This result indicated that branches
of the pancreatic duct were within the tumour. Taking
into consideration the tumour location and pancreatic
ducts remaining within the tumour, we inferred that
the tumour arose from the pancreas. On the basis of
these pathological findings, a diagnosis of pancreatic
paraganglioma was established. The patient was
followed for more than one year after surgery, but no
recurrence was confirmed.

Misumi Y, Fujisawa T, Hashimoto H, Kagawa K, Noie T,
Chiba H, Horiuchi H, Harihara Y, Matsuhashi N. Pancreatic
paraganglioma with draining vessels. World J Gastroenterol
2015; 21(31): 9442-9447 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i31/9442.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9442

INTRODUCTION
Paragangliomas are rare catecholamine-secreting
neuroendocrine tumours that arise from neuro
endocrine cells of the extra-adrenal autonomic
paraganglia and affect about 1 in 2000000 of the
[1]
population . The head, neck, and retroperitoneum
are the most commonly affected sites, but pancreatic
[2]
paragangliomas are extremely rare . To our know
ledge, only 24 cases of pancreatic paraganglioma
have been previously reported in the English literature
[1-20]
(see Table 1)
. In these previous reports, the
pancreatic paragangliomas were often preoperatively
misdiagnosed as pancreatic neuroendocrine tumours
(pNETs) because the radiological characteristics
of pancreatic paragangliomas resemble those of
pNETs. We herein report a patient with a pancreatic
paraganglioma, which was surgically resected following
a preoperative diagnosis of a pNET, and discuss
features associated with the disorder.

Case Report
An asymptomatic 47-year-old woman with a pancreatic
tumour that was detected by ultrasonography was
referred to our hospital. The patient’s past medical
history and physical examination were unremarkable.
Initial laboratory studies, including levels of tumour
markers such as carcinoembryonic antigen, carbo
hydrate antigen 19-9, and α-fetoprotein, showed
no abnormalities. An examination of pancreatic
endocrine hormones showed that the insulin level was
slightly elevated [14.6 μU/ml (5-10 μU/ml)], but
the elevation was considered non-specific because
blood glucose (108 mg/dl) and C-peptide levels [3.30
(0.78-5.19) ng/dl] were within normal levels. Levels
of other hormones were also within their normal
ranges. Transabdominal ultrasonography showed
a 1.5-cm low-echoic tumour at the pancreas head.
Dynamic computed tomography (CT) also revealed
a 1.5-cm well demarcated tumour at the pancreas
head (Figure 1A and B). The tumour was very
strongly enhanced in the arterial phase and still faintly
enhanced in the portal vein phase. Maximum intensity
projection of the arterial phase in a coronal view
clearly revealed the tumour feeding artery from the
inferior pancreaticoduodenal artery and the draining
vein into the portal vein (Figure 1C). No abnormalities
were found in the bile duct, pancreatic duct, or liver.
Compared with contiguous pancreatic parenchyma,
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DISCUSSION
Pancreatic paragangliomas are radiologically similar
to pNETs. In fact, the case reported here and 6
of the 24 other cases reported in the literature
[1,8-12]
were preoperatively misdiagnosed as pNETs
.
Fortunately, no complications occurred during the
preoperative examinations or surgical procedures in
the present case. However, invasive examinations
and surgery of paragangliomas carry the potential
risk of catastrophic complications due to unexpected
release of large quantities of catecholamines. For
example, a patient with pancreatic paraganglioma,
who was misdiagnosed preoperatively as having
pancreatic cancer, died 34 h after surgery because
[17]
of unanticipated catecholamine release . The use
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Table 1 Summary of reports of 25 cases of pancreatic paragangliomas
Age
(yr)
62
75
70
72
47
45
58
61
85
72
57
57
50
51
40
66
65
30
19
55
50
63
47

Sex Tumour size Location in
(cm)
pancreas
M
F
F
F
M
F
M
M
M
F
F
F
M
F
F
M
F
F
F
F
F
M
F

1.5
15
3
14
10
8
8
2.5
6
4
6.5
2
3
5
4.5
6
2
6.4
9
19
6
4
1.5

Body
Tail
Head
Head
Body
Head
Head
Head
Head
Uncus
Head
Uncus
Head
Uncus
Head
Uncus
Uncus
Head
Uncus
Tail
Head
Tail
Head
Head
Head

Preoperative diagnosis

Presence/absence of draining
vessels

Pancreatic cyst
Pancreatic cyst
Cystadenoma
Pancreatic cyst
Retroperitoneal tumour
Neuroendocrine tumour
Neuroendocrine tumour
Neuroendocrine tumour
Nonfunctional neuroendocrine tumour
Non-functioning islet cell tumour
Neuroendocrine tumour
Extra-adrenal paraganglioma
Pancreatic cancer
Sarcoma
Malignant pancreatic tumour
Paraganglioma, fine needle aspiration
Functional pancreatic paraganglioma
Nonfunctional neuroendocrine tumour

Outcome

Ref.

NE
Autopsy
[3]
NE
[4]
NE
[4]
NE
2 yr alive
[5]
NE
6 yr alive
[6]
NE
2 yr alive
[7]
NE
4 yr alive
[7]
NE
5 yr alive
[8]
NE
[8]
Absent in the presented figures
5 yr alive
[9]
NE
[10]
Absent in the presented figures
[11]
Stated as present
[12]
NE
4 yr alive
[1]
Present in the presented figures
[13]
NE
3 yr alive
[14]
Stated as absent
[15]
Absent in the presented figures
14 mo alive
[2]
NE
[16]
NE
Died 34 h after surgery
[17]
Present in the presented figures
[18]
NE
[19]
NE
4 yr alive
[20]
NE
[20]
Present
1 yr alive
Present case

NE: Not evaluable.

A

B

C

D

E

F
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G

Figure 1 Images of the pancreatic tumour. A: dynamic computed tomography (CT) in the arterial phase; B: dynamic CT in the portal phase. 1.5-cm well
demarcated tumour at the pancreas head was very strongly enhanced in the arterial phase and still faintly enhanced in the portal phase; C: Maximum intensity
projection of the arterial phase in a coronal view. Black arrow indicates the feeding artery from the inferior pancreaticoduodenal artery and white arrow indicates the
draining vein into the portal vein; D: T1-weighted (T1W) magnetic resonance image (MRI); E: T2-weighted (T2W) MRI. The tumour appeared as a low-intensity lesion
in T1W and as a high-intensity lesion in T2W; F: Endoscopic ultrasonography (EUS) images without power flow scanning; G: EUS images with power flow scanning.
The low and uneven echoic tumour was surrounded by draining vessels.

A

B

D

E

C

Figure 2 Histological examinations of the pancreatic tumour. A: Macroscopic findings of the resected specimen. Arrows indicate the tumour in the pancreas
head; B, C: Hematoxylin and eosin staining showing tumour cells in a Zellballen pattern at magnifications of × 10 (B) and × 200 (C); D: Immunohistochemistry of S-100
protein displaying S-100 protein-positive sustentacular cells surrounding the tumour cells (magnification × 200); E: Immunohistochemistry of epithelial membrane
antigen displaying pancreatic duct branches remaining within the tumour (magnification × 100).

of EUS-guided FNA without preparations against
catecholamine release could also be dangerous. These
dangers highlight the importance of an accurate
diagnosis of pancreatic paraganglioma.
Preoperative imaging may provide guidance for an
accurate diagnosis. Areas of signal flow void (referred
[21]
to as a “salt and pepper” pattern ) are often observed
on MRIs of highly vascularized paragangliomas.
Additionally, enlarged feeding arteries and early
contrast filling of the draining veins are observed on
dynamic CT images. This feature of draining veins has

WJG|www.wjgnet.com

been reported to be useful in distinguishing pancreatic
[12]
paraganglioma from pNET . In the present case,
the draining vein was confirmed by dynamic CT,
but “salt and pepper” pattern was absent on the
MRI. In the 24 other cases (Table 1), one has been
[12]
reported to have draining veins , and one has been
[15]
reported to be devoid of such veins . The presence
or absence of draining veins was not mentioned in
the text of the reports of the remaining 22 cases,
but examination of images presented in the reports
[13,18]
[2,9,11]
suggest that two cases
had and three cases
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tumour.

did not have draining veins (presented material did not
allow evaluation of draining veins in the remaining 17
cases). Formation of the tumour draining vasculature
is supposed to depend on a variety of growth factors
[22]
secreted from the tumour itself . Most pancreatic
paragangliomas seem to have a characteristic to
induce abundant draining veins, although details of
the mechanism of the vessel induction remain to
be elucidated. In summary, draining veins could be
observed in 50% (four of eight) of evaluable cases. We
conclude that evaluation of imaging findings, especially
identifying draining veins around the tumour, may be
useful in making a correct preoperative diagnosis of
pancreatic paraganglioma.
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CASE REPORT

Immunoglobulin G4-related autoimmune pancreatitis and
sialadenitis: A case report
Ru-Ying Fan, Jian-Qiu Sheng
systemic diseases. A 67-year-old male presented at our
institution with mild upper abdominal pain and jaundice
for 20 d. Laboratory results revealed high levels of
IgG4 (15.4 g/L, range: 0.08-1.4 g/L). Computed
tomography (CT) showed significant enlargement of
the entire pancreas and a capsule-like low-density rim
surrounding the whole pancreas. Positron emission
tomography/CT revealed increased uneven metabolism
of the entire pancreas. Both magnetic resonance
cholangiopancreatography and endoscopic retrograde
cholangiopancreatography showed stenosis of the
distal common bile duct and proximal main pancreatic
duct, and dilation of the proximal common bile duct
and extra- and intra-hepatic bile ducts. He was
diagnosed with IgG4-related autoimmune pancreatitis.
The patient was treated with prednisone for 14 mo.
The patient responded well to prednisone but upon
cessation of the corticosteroid developed enlargement
of the submandibular gland. The patient’s serum IgG4
was elevated at 23.9 g/L. It is important to maintain
treatment, so the patient was again treated with
prednisone and had a good response. Follow-up of
IgG4-related disease is thus necessary.
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Core tip: Immunoglobulin G4 (IgG4)-related disease
is a rare systemic disease which affects many organs.
Here we report a case of a patient with IgG4-related
disease involving the pancreas and metachronous
sialadenitis.

Received: January 14, 2015
Peer-review started: January 16, 2015
First decision: April 13, 2015
Revised: April 27, 2015
Accepted: June 26, 2015
Article in press: June 26, 2015
Published online: August 21, 2015

Fan RY, Sheng JQ. Immunoglobulin G4-related autoimmune
pancreatitis and sialadenitis: A case report. World J Gastroenterol
2015; 21(31): 9448-9452 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i31/9448.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i31.9448

Abstract
Immunoglobulin G4 (IgG4)-related disease is a rare
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INTRODUCTION
Immunoglobulin G4 (IgG4)-related disease (RD)
is a rare and often misdiagnosed systemic disease
with multiple clinical manifestations and multiorgan
[1]
involvement , though metachronous manifestations
are rare. We present a unique case of metachronous
IgG4-related autoimmune pancreatitis (AIP) and
sialadenitis.

CASE REPORT
A 67-year-old male presented at our institution in
March 2012 with mild upper abdominal pain and
jaundice for 20 d. The physical examination was
unremarkable except for moderate yellowing of the
patient’s skin and sclera. Laboratory results revealed
high levels of alanine aminotransferase (357 U/L,
range: 0-40 U/L), aspartate aminotransferase (362
U/L, range: 0-40 U/L), γ-glutamyltransferase (595.0
U/L, range: 8-50 U/L), alkaline phosphatase (750 U/
L, range: 20-110 U/L), total bilirubin (52.70 μmol/L,
range: 4.3-22.5 μmol/L), and direct serum bilirubin
(29.50 μmol/L, range: 0-8.84 μmol/L). Serum amylase
and glucose were within normal ranges, as were
carbohydrate antigen, carcinoembryonic antigen, and
alpha-fetoprotein. The erythrocyte sedimentation rate
was elevated at 32 mm/h (range: 0-15 mm/h). Total
IgG was elevated (21.5 g/L, range: 6.0-16.0 g/L),
IgG4 was about 11 times the normal limit (15.4 g/L,
range: 0.08-1.4 g/L), and γ-globulin was 33.03%
(range: 10.7%-20.0%). Antinuclear antibody, antimitochondrial antibody, and smooth muscle antibody
were all negative.
Radiographs of the chest were unremarkable.
Computed tomography (CT) showed significant
enlargement of the entire pancreas and a capsulelike low-density rim surrounding the whole pancreas.
The proximal portion of the main pancreatic duct was
stenotic and no significant dilation of the distal duct
was observed. CT also revealed stenosis of the distal
common bile duct, dilation of the proximal common
bile duct, and dilation of the extra- and intra-hepatic
bile ducts. Close examination of the CT scan showed
heterogeneous enhancement of the pancreas where
the density of the pancreatic body and tail was lower
than that of the pancreatic head (Figure 1).
Endoscopic retrograde cholangiopancreatography
(ERCP) found stenosis of the distal common bile
duct (about 5 cm in length), dilation of the proximal
common bile duct (approximately 2 cm maximum
diameter), and dilation of the extra- and intra-hepatic
bile ducts. The proximal main pancreatic duct was
stenotic (about 5 cm in length) and associated with
slight dilation of the distal main pancreatic duct.
Positron emission tomography (PET)/CT revealed
increased uneven metabolism of the entire pancreas,
and especially of the pancreatic head (Figure 2).
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Figure 1 Computed tomography of the enlarged sausage-like pancreas
and heterogeneous enhancement of the pancreas in March 2012 prior to
steroid treatment.

Thickening of the walls of the gall bladder and dilation
of the intrahepatic bile duct was also observed. Other
organs were normal.
The patient was diagnosed with AIP. Stents were
placed in the bile and pancreatic ducts to manage the
patient’s jaundice. The patient was then treated with
prednisone at 40 mg/d for 3 wk, tapered by 2.5-5 mg/
d every 1-2 wk with a maintenance dose of 7.5 mg/d
over a period of 6 mo. Total steroid administration
lasted for 14 mo.

Follow-up

During steroid administration, the patient was seen
in our hospital in June 2012, November 2012, and
August 2014. At the initial follow-up, the patient
was asymptomatic and his liver enzyme and IgG4
levels were within the normal ranges. Abdominal
CTs in June and November 2012 showed a normal
pancreatic form (Figure 3A, B). Follow-up magnetic
resonance cholangiopancreatography (MRCP) and
ERCP showed reduced dilation of the common bile
duct (approximately 1.5 cm maximum diameter) and
the extra- and intra-hepatic bile ducts. Slight stenosis
of the distal common bile duct and mild dilation of the
distal main pancreatic duct were also observed. At the
second follow-up period in November 2012, the stents
in the bile and pancreatic ducts were removed by
ERCP.
In 2013, the patient was diagnosed with Mikulicz
syndrome and was treated with oral prednisone for 50
d in a local hospital. The patient responded well to the
prednisone but upon cessation of the corticosteroid
developed enlargement of the submandibular
gland. In August 2014, the patient was admitted to
our hospital after 8 mo of bilateral submandibular
gland enlargement. The patient reported that he
did not feel any abdominal discomfort. Physical
examination revealed swollen but non-tender bilateral
submandibular glands and no jaundice was noted.
Blood values were unremarkable except for serum
IgG4 which was elevated at 23.9 g/L. Anti-Sjögren
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Figure 2 Positron emission tomography/computed tomography showing
increased uneven metabolism of the entire pancreas in March 2012.

Figure 4 Computed tomography in August 2014 also showing the normal
pancreas.

A

B

Figure 5 Magnetic resonance cholangiopancreatography showing
stenosis of the distal common bile duct and proximal main pancreatic
duct, and dilation of the proximal common bile duct and extra- and intrahepatic bile ducts.

DISCUSSION
Diagnosis of autoimmune pancreatitis

The concept of AIP was first proposed by Yoshida
[2]
et al in 1995. The incidence of AIP was reported
as 0.82 per 100000 cases, or roughly 4%-13% of
chronic pancreatitis cases. The male to female ratio
has been reported as 2.85:1.0 with 95% of patients
[3]
over 45 years of age . AIP is currently classified into
2 subgroups, type 1 and type 2. Type 1 AIP, the most
common, frequently involves extra-pancreatic organs
and is accompanied by IgG4-positive plasmacytes
and/or elevated serum IgG4 levels. IgG4-RD was
[4,5]
proposed to describe this condition , and AIP type 1
is a pancreatic manifestation of IgG4-RD.
As this case presented with elevated serum IgG4,
was responsive to corticosteroid treatment, and had
pancreatic imaging consistent with the diagnosis of AIP,
it met the Asia and International Consensus Diagnostic
[6,7]
Criteria for AIP . It is important to discriminate AIP
from pancreatic and bile duct carcinoma. Misdiagnosis
of carcinoma can possibly lead to unnecessary
surgery. In past years, 2.5% of AIP cases in North
America underwent pancreaticoduodenectomy due to
[8]
misdiagnosis of pancreatic cancer . In this case, on CT

Figure 3 Computed tomography in June and November 2012 revealing
the normalized pancreas after steroid treatment.

syndrome-related antigen A and Sjögren syndrome
type B antigen were both negative. Repeat X-rays
of the chest were unremarkable. Abdominal CT and
MRCP showed similar findings to those in June and
November 2012 (Figure 4, Figure 5). Salivary gland
ultrasonography revealed symmetrical bilateral
swelling of the submandibular and parotid glands.
Magnetic resonance imaging of the salivary glands
showed symmetrical bilateral enlargement of the
submandibular (4.0 × 2.6 × 5.2 cm) (Figure 6) and
parotid (4.7 × 4.5 × 5.8 cm) glands.
The patient was again treated with 40 mg/d
prednisone for 4 wk, following which, ultrasonography
of the submandibular and parotid glands was normal.
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Serum IgG4 was again elevated. Together with
a history of AIP, this condition met the diagnostic
[12]
criteria of IgG4-RD . IgG4-RD often simultaneously
involves multiple organs, but sialadenitis here
was asynchronous with AIP. The involvement of
autoimmune mechanisms in IgG4-RD is an underlying
[13]
possibility , but it is not clear if different organs have
different pathogenesis.

Prognosis

IgG4-RD responds well to treatment with corticosteroids,
but there is a high likelihood of recurrence after
ceasing steroid administration, and approximately
[14]
92% of AIP recurs within 3 years . Continued
administration of corticosteroids may be effective
in preventing recurrence. Currently, it is not clear if
IgG4-RD is related to neoplastic processes, but it is
worth noting that there are reports in the literature of
[15,16]
cancer with AIP and/or IgG4-related sialadenitis
.
This patient will continue to be monitored for future
recurrence.

Figure 6 Magnetic resonance imaging of the salivary glands showing
symmetrical bilateral enlargement of the submandibular gland (4.0 × 2.6 ×
5.2 cm).

the pancreas appeared consistent in shape (sausagelike) with a diagnosis of AIP. ERCP showed stenosis of
the distal common bile and proximal main pancreatic
duct without significant dilation of the main distal
pancreatic duct. Systemic PET/CT examination showed
inflammatory characteristics in the entire pancreas.
The tumor markers CA19-9, carcinoembryonic antigen,
and alpha-fetoprotein were normal. Furthermore, the
patient was very responsive to corticosteroids and at
follow-up there was no sign of a tumor, so cancer of
the pancreas and bile duct was ruled out.

COMMENTS
COMMENTS
Case characteristics

A 67-year-old male with IgG4-related disease involving the pancreas and
metachronous sialadenitis.

Clinical diagnosis

Autoimmune pancreatitis and sialadenitis.

Treatment of AIP

Differential diagnosis

As per the treatment guidelines, this case was treated
with oral corticosteroids and stents placed in the
proximal main pancreatic duct and the distal common
[9]
bile duct . Follow-up imaging showed restoration of
normal pancreatic morphology, but stenosis of the
distal common bile duct and proximal main pancreatic
duct remained, indicating that the pancreas recovered
more quickly than the bile and pancreatic ducts. This
founding was similar to another study reported in
[10]
the literature . Because fibrotic lesions have a poor
[11]
response to steroids , IgG4-related fibrosis of the
pancreatic and bile ducts was not completely ruled out.
[9]
In accordance with published guidelines , steroids
should be maintained for at least 3 years for proper
management of AIP. This case did not meet this as
steroids were only administered for 14 mo, so it was
possible that the steroid maintenance therapy was not
sufficient for this patient.

Pancreatic cancer, primary sclerosing cholangitis, lymphoma.

Laboratory diagnosis

Total bilirubin 52.70 μmol/L; direct bilirubin 29.50 μmol/L; IgG4 15.4 g/L.

Imaging diagnosis

Computed tomography showed significant enlargement of the entire pancreas
and a capsule-like low-density rim surrounding the whole pancreas. Magnetic
resonance imaging of the salivary glands indicated symmetrical bilateral
enlargement of the submandibular and parotid glands.

Treatment

The patient was treated with prednisone.

Related reports

Immunoglobulin G4-related disease (IgG4-RD) is a systemic disease which
affects multiple organs and follow up is important.

Term explanation

IgG4-RD is a systemic disease with multiple clinical manifestations and
multiorgan involvement.

IgG4-related sialadenitis

Experiences and lessons

After withdrawal of the steroid for 7 mo, the patient
developed swelling of the bilateral submandibular
glands. Subsequent steroid treatment for 50 d was
effective, but upon cessation, the patient developed
bilateral parotid edema. Examination showed normal
pancreatic morphology but bilateral symmetrical
swelling of the submandibular and parotid glands.
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For the patient with autoimmune pancreatitis, attention should be paid to
multiorgan involvement during follow-up.

Peer-review

This article reported a case of multiple manifestations of IgG4-RD, including
the pancreas and parotids and it is helpful to obtain more attention for this
underdiagnosed disease.
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CASE REPORT

Growth hormone used to control intractable bleeding
caused by radiation-induced gastritis
Liang Zhang, Wen-Jie Xia, Zheng-Sen Zhang, Xin-Liang Lu
carcinoma. Although anti-secretory therapy with or
without octreotide was initiated for hemostasis over
three months, melena still occurred off and on, and
the patient required blood transfusions to maintain
stable hemoglobin. Finally growth hormone was used
in the treatment of hemorrhage for two weeks, and
hemostasis was successfully achieved. This is the first
report that growth hormone has been used to control
intractable bleeding caused by radiation-induced
gastritis.
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Core tip: Intractable bleeding caused by radiationinduced gastritis is rare. We describe a 69-year-old
man with intractable hemorrhagic gastritis induced
by postoperative radiotherapy for the treatment of
esophageal carcinoma. Anti-secretory therapy with
or without octreotide seemed in vain. Finally growth
hormone was used in the treatment of hemorrhage for
two weeks, and hemostasis was successfully achieved.
This is the first report that growth hormone has been
used to control intractable bleeding caused by radiationinduced gastritis.
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Abstract
Intractable bleeding caused by radiation-induced
gastritis is rare. We describe a 69-year-old man with
intractable hemorrhagic gastritis induced by posto
perative radiotherapy for the treatment of esophageal
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INTRODUCTION
Although upper gastrointestinal bleeding caused by
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Figure 1 Endoscopic view. A: Diffuse edematous hyperemia and active bleeding from the esophagus-stomach anastomosis after radiation therapy; B: An ulcer with
bleeding in the antrum after radiation therapy; C: Active oozing of blood from the esophagus-stomach anastomosis after three months of anti-secretory therapy; D:
An ulcer with active bleeding after three months of anti-secretory therapy; E: No active oozing of blood from the esophagus-stomach anastomosis two months after
growth hormone therapy; F: An ulcer scar without active bleeding two months after growth hormone therapy.

cancer and had a radical surgery for esophageal
carcinoma in June 2013. The tumor was pathologically
diagnosed as high differentiation squamous-cell
carcinoma. After surgery, from July 2013 to December
2013, he was treated with the chemotherapy regimen
of nedaplatin 130 mg plus tegafur, gimeracil and
oteracil potassium capsules 60 mg b.i.d. for 6 times.
In February 2014, he was treated with radiotherapy
(CTV D95 5880cGy/28F, PTV D95 5040cGy/28F).
Three months after radiotherapy, he began to appear
paroxysmal burning epigastric pain with melena and
severe anemia, and laboratory examination indicated
that hemoglobin dropped to 43 g/L. Gastroscopy
was performed and indicated a diffuse edematous
hyperemia and active bleeding from the gastric
mucosa close to the esophagus-stomach anastomosis
(Figure 1A) and the antrum, and an ulcer with bleeding

radiation-induced gastritis is infrequent, it is a very
serious complication and is difficult to deal with.
Nowadays, several methods were reported for treating
upper gastrointestinal bleeding caused by radiationinduced gastritis, but there is still no standard
[1,2]
treatment . We encountered a case of intractable
bleeding caused by radiation-induced gastritis which
was induced by postoperative radiotherapy for the
treatment of esophageal carcinoma. Successful
hemostasis was achieved with treatment of growth
hormone. This is the first report that growth hormone
has been used to control intractable bleeding caused
by radiation-induced gastritis.

CASE REPORT
A 69-year-old man was diagnosed with esophageal

WJG|www.wjgnet.com
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in the greater curvature (Figure 1B). As hemoglobin
level went up and down, blood transfusion was
administered once or twice a week. Furthermore, the
dosage of esomeprazole was enhanced from 40 mg
Q12H to 40 mg Q8H, and combined with the use of
octreotide for hemostasis over three months. Melena
still occurred off and on, and the patient required blood
transfusions to maintain stable hemoglobin. Thus
gastroscopy was performed for evaluating the patient’
s condition. It indicated active oozing of blood from
the gastric mucosa close to the esophagus-stomach
anastomosis (Figure 1C), and the gastric ulcer that
was smaller than before with active bleeding (Figure
1D). A total of 16 units of packed red blood cells were
transfused to maintain the level of hemoglobin at
about 70 g/L.
Finally growth hormone (15 U QOD ih, 5 U mixed
in 50 mL saline for 5 times, po) was used in the
treatment of hemorrhage for two weeks, and hemo
stasis was successfully achieved. Without blood
transfusions, the hemoglobin level improved to 90
g/L one month after the growth hormone therapy.
The patient did not experience melena any more. The
fecal occult blood test was negative, and the followup gastroscopy indicated no active oozing of blood
from hemorrhagic lesions close to the esophagusstomach anastomosis (Figure 1E), and an ulcer scar
in the antrum without active bleeding (Figure 1F). The
patient still receives proton pump inhibitor up to now,
no gastrointestinal bleeding recurs, and his hemoglobin
levels improve to 124 g/L without blood transfusions
or iron supplements.

patient required blood transfusions to maintain stable
hemoglobin.
Growth hormone was reported to be able to in
crease protein synthesis, attenuate protein catabolism
and stimulate cell proliferation and differentiation to
facilitate wound healing, and in animal models it was
[10-12]
also reported useful for gastric ulcer healing
. Thus
in this case, we thought that it might be efficient for
hemostasis. Maybe part of growth hormone taken
orally could not have very good effect because of the
function of digestion. Thus in this situation, digestive
enzyme could not function well, and growth hormone
could have an effect on the surface of the ulcer to
facilitate the ulcer healing. Finally growth hormone
(15 U QOD ih, 5 U mixed in 50 mL saline for 5 times,
po) was used in the treatment of hemorrhage for two
weeks, and hemostasis was successfully achieved.
Without blood transfusions, the hemoglobin level
improved to 90 g/L one month after growth hormone
therapy.
Up to now, the patient still receives proton pump
inhibitor, no gastrointestinal bleeding recurs, and his
hemoglobin levels improve to 124 g/L without blood
transfusions or iron supplements. Thus we recommend
that growth hormone therapy can be tried as a first
choice for intractable bleeding caused by radiationinduced gastritis.

COMMENTS
COMMENTS
Case characteristics

A 69-year-old man presented paroxysmal burning epigastric pain with melena
and severe anemia.

DISCUSSION

Clinical diagnosis

Radiation-induced gastritis may be more frequent
than we realized, for many patients do not have
obvious symptoms. The tolerance dose of radiation
in the stomach and intestine is 45 Gy and 55 Gy,
[3]
respectively . In our case, the patient was treated
with 58.8 Gy in CTV and 50.4 Gy in PTV. It induced
intractable hemorrhagic gastritis. The primary typical
injury of radiation-induced gastritis is acute inflam
mation of the gastric mucosa. When injury progresses,
it might lead to mucosal ischemia, ulceration, and
[4]
telangiectasis .
The standard treatment method for radiationinduced hemorrhagic gastritis has not been esta
blished. Argon plasma coagulation has been reported
for successful hemostasis of radiation-induced hemorr
[3,5-7]
hagic gastritis, colitis and proctitis
. However, our
patient had extensive lesions, thus we could not use
[1,2]
this strategy. Meanwhile, prednisolone , hyperbaric
[8]
[4]
oxygen therapy , aminocaproic acid , and endoscopic
[9]
band ligation have also been reported for treating
radiation-induced hemorrhagic gastritis. In our case,
although anti-secretory therapy with or without
octreotide was initiated for hemostasis over three
months, melena still occurred off and on, and the

WJG|www.wjgnet.com

The abdomen is soft with minimal tenderness but no rebound tenderness.

Differential diagnosis

Gastric ulcer and recurrent esophageal cancer.

Laboratory diagnosis

Hemoglobin dropped to 43 g/L.

Imaging diagnosis

Gastroscopy was performed and indicated a diffuse edematous hyperemia
and active bleeding from the gastric mucosa close to the esophagus-stomach
anastomosis and the antrum, and an ulcer with bleeding in the greater
curvature.

Treatment

Anti-secretory therapy with or without octreotide was initiated for hemostasis
over three months, melena still occurred off and on, and the patient required
blood transfusions to maintain stable hemoglobin. Finally growth hormone
was used in the treatment of hemorrhage for two weeks, and hemostasis was
successfully achieved.

Related reports

Intractable bleeding caused by radiation-induced gastritis is rare. Previous
case reports indicated that argon plasma coagulation (APC), prednisolone,
hyperbaric oxygen therapy, aminocaproic acid, and endoscopic band ligation
might be useful for intractable bleeding.
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Term explanation

APC is a medical endoscopic procedure which is primarily used to control
bleeding from gastrointestinal tract lesions.

5

Experiences and lessons

Growth hormone therapy can be tried as a first choice for intractable bleeding
caused by radiation-induced gastritis.

6

Peer-review

7

This interesting article is the first report that growth hormone has been used to
control intractable bleeding caused by radiation-induced gastritis. The authors
did good work effort. While because of the rarity, it still needs multicentric
studies and long-term outcome and prognosis evaluation.

8
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Rita Slim, Beirut
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EDITORIAL

Contrast-enhanced ultrasound in differentiating malignant
from benign portal vein thrombosis in hepatocellular
carcinoma
Luciano Tarantino, Pasquale Ambrosino, Matteo Nicola Dario Di Minno

Abstract

Luciano Tarantino, Department of Surgery, Interventional
Hepatology Unit, Andrea Tortora Hospital, 07020 Pagani, Italy

Portal vein thrombosis (PVT) may occur in liver cirrhosis
patients. Malignant PVT is a common complication
in cirrhotic patients with concomitant hepatocellular
carcinoma (HCC) and, in some cases, it may be even
the initial sign of an undetected HCC. Detection of
malignant PVT in a patient with liver cirrhosis heavily
affects the therapeutic strategy. Gray-scale ultrasound
(US) is widely unreliable for differentiating benign
and malignant thrombi. Although effective for this
differential diagnosis, fine-needle biopsy remains an
invasive technique. Sensitivity of color-doppler US in
detection of malignant thrombi is highly dependent
on the size of the thrombus. Contrast-enhanced
computed tomography (CT) and contrast-enhanced
magnetic resonance (MRI) can be useful to assess
the nature of portal thrombus, while limited data are
currently available about the role of positron emission
tomography (PET) and PET-CT. In contrast with CT,
MRI, PET, and PET-CT, contrast-enhanced ultrasound
(CEUS) is a fast, effective, well tolerated and cheap
technique, that can be performed even in the same
session in which the thrombus has been detected. CEUS
can be performed bedside and can be available also in
transplanted patients. Moreover, CT and MRI only yield
a snapshot analysis during contrast diffusion, while
CEUS allows for a continuous real-time imaging of the
microcirculation that lasts several minutes, so that the
whole arterial phase and the late parenchymal phase
of the contrast diffusion can be analyzed continuously
by real-time US scanning. Continuous real-time monitor
ing of contrast diffusion entails an easy detection of
thrombus maximum enhancement. Moreover, conti
nuous quantitative analyses of enhancement (wash in
- wash out studies) by CEUS during contrast diffusion
is nowadays available in most CEUS machines, thus
giving a more sophisticated and accurate evaluation of
the contrast distribution and an increased confidence
in diagnosis in difficult cases. In conclusion, CEUS is a
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very reliable technique with a high intrinsic sensitivity
for portal vein patency assessment. More expensive
and sophisticated techniques (i.e. , CT, MRI, PET, and
PET-CT) should only be indicated in undetermined
cases at CEUS.

needle biopsy (FNB) under US guidance proved to be
[7,8]
effective for this differential diagnosis , it remains
an invasive technique, relatively unsafe in cirrhotic
patients, in which an impaired haemostatic balance is
often reported.
HCC is a hypervascular malignancy with arterial
intralesional flow. The latter is expression of tumoral
neoangiogenesis and represents the cornerstone for
[12]
the diagnostic approach . Indeed, the demonstration
of the neovascularization of the portal thrombus allows
for a highly specific and non-invasive diagnosis of the
[13]
malignant nature of PVT .
In keeping with this, detection of pulsatile arterial
signals at color-doppler US (CDUS) inside the portal
thrombi may be a fast and specific technique for
[14,15]
. These previous
assessment of malignant PVT
reports also suggested high sensitivity of CDUS for this
purpose. However, these results have been challenged
[13,16]
, showing a sensitivity
by other recent studies
lower than 20%. In reality, sensitivity of CDUS in
detection of malignant thrombi is highly dependent on
the size of the thrombus and the previous reports do
not specify the size of the portal vein thrombi in their
series.
The injection of contrast material in a peripheral
vein allows for the detection of tissues microcirculation
by most imaging techniques.
In 2006, we reported the first work focused on the
evaluation of contrast-enhanced ultrasound (CEUS)
as a tool for differential diagnosis between malignant
and benign PVT. In a series of cirrhotic patients with
PVT, we performed a comparative study between FNB
of the thrombus, CDUS and CEUS for the differential
diagnosis of benign and malignant PVT in cirrhotic
[13]
patients . In this study, CEUS showed the best
performance with high sensitivity (88%) and specificity
(100%).
These results were confirmed and extended in a
subsequent study on a very large series of patients
with hepatic cirrhosis in which we documented that
CEUS showed a high sensitivity (94%) and specificity
(96%) in differentiating malignant vs non-malignant
[17]
[18]
confirmed
PVT . In the same year, Rossi et al
the high sensitivity and specificity of CEUS for that
indication and, based on all these data, the European
Federation of Societies for Ultrasound in Medicine and
Biology (EFSUMB) included the “differential diagnosis
between malignant and benign portal vein thrombosis”
among indications for CEUS in the updated “EFSUMB
[19]
Guidelines” .
In the last five years, several series of cirrhotic
patients with PVT evaluated with CEUS were reported,
[20]
substantially confirming the previous data .
Detection of thrombus enhancement by contrastenhanced computed tomography (CT) and contrastenhanced magnetic resonance (MRI) can assess
[21,22]
. In a series of 58
the nature of portal thrombus
[23]
reported
cirrhotic patients with PVT, Tublin et al
100% specificity of multidetector CT (MDCT) in the

Key words: Contrast-enhanced ultrasound; Hepatocellular
carcinoma; Portal vein thrombosis; Benign thrombosis;
Malignant thrombosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Portal vein thrombosis (PVT) may occur in
liver cirrhosis patients. Malignant PVT is a common
complication in cirrhotic patients with concomitant
hepatocellular carcinoma (HCC) and, in some cases,
it may be even the initial sign of an undetected HCC.
Due to its high performance in characterization of PVT
in cirrhotic patients, contrast-enhanced ultrasound
should be considered as the gold standard method and,
often, the only diagnostic tool in cirrhotic patients for
differential diagnosis between malignant and benign
PVT.
Tarantino L, Ambrosino P, Di Minno MND. Contrast-enhanced
ultrasound in differentiating malignant from benign portal vein
thrombosis in hepatocellular carcinoma. World J Gastroenterol
2015; 21(32): 9457-9460 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i32/9457.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9457

Portal vein thrombosis (PVT) may occur in liver cirrhosis
[1-6]
with a prevalence ranging from 0.6%
patients
[2,6]
to 11% . In addition, PVT is even more frequent
in cirrhotic patients with concomitant hepatocellular
[2]
carcinoma (HCC) . However, PVT in liver cirrhosis may
be also associated with inflammatory and infectious
diseases (liver, bowel, pancreas), hypercoagulable
states, endoscopic sclerotherapy of esophageal varices,
[3-5]
and percutaneous ablation therapies .
Malignant PVT, so named for its neoplastic origin,
[1,2,4,5]
is a common complication of HCC
, and, in some
cases, it may be even the initial sign of an undetected
[7,8]
HCC .
Detection of malignant PVT in a patient with liver
cirrhosis heavily affects the therapeutic strategy.
Indeed, some Authors believe that HCC infiltration of
the portal vein represents an exclusion criteria for liver
transplantation, surgical resection, chemoembolization,
and imaging-guided ablation, even in the presence
of an uninodular lesion with a diameter lower than 5
cm[9,10].
Although conventional gray-scale ultrasound (US)
is a highly sensitive technique for detection of PVT, it
remains widely unreliable for differentiating benign
[11]
and malignant thrombi . Furthermore, although fine-

WJG|www.wjgnet.com

9458

August 28, 2015|Volume 21|Issue 32|

Tarantino L et al . CEUS in HCC diagnose
diagnosis of malignant thrombosis. However, this study
showed a rather low overall sensitivity (43%) of MDCT
in detecting thrombus neovascularity. In addition, Rossi
[18]
compared CEUS and MDCT as techniques for
et al
differential diagnosis of PVT and CEUS proved to be far
superior to MDCT and showed a very high sensitivity
for detection (100%) and characterization (98%) of
PVT, while MDCT showed a rather lower sensitivity
both for detection (68%) and characterization (67%).
[24]
compared indexes obtained
In 2012, Qian et al
by correlation between thrombus and aorta or thro
mbus and patent portal vein in portal phase, using
dual-energy spectral CT for characterization of benign
and malignant PVT. Interestingly, they reported a very
high sensitivity (100%) and specificity (91.7%) of CT.
However, there are several disadvantages of
CT, which include higher costs than CEUS, radiation
exposure and the use of contrast materials, with
important risks of anaphylaxis and nephropathy.
Gadolinium-enhanced MRI angiography is a
useful technique for detection and characterization of
[22]
PVT . However, in our best knowledge, there are no
published data on its sensitivity and specificity, and,
also for this technique, there are several disadvantages
that are mainly high cost of the procedure, limited
number of available equipments, and possible severe
nephrogenic systemic fibrosis caused by gadolinium.
[25]
A very interesting report by Catalano et al
described a sophisticated technique using unenhanced
diffusion-weighted (DW) MRI imaging in distinguishing
bland thrombus from neoplastic thrombus in PVT. In
a short series of selected patients with known PVT,
using an appropriate cut-off, malignant PVT could be
assessed with 100% specificity. However, apart from
the costs and scarce availability of the equipment, also
in this case there are several drawbacks. DW MRI is
an indigenous procedure with relatively low resolution
of T2*WI protocol that often misses detection of
thrombus in small portal venous branches and needs
long times of breath-hold acquisitions, sometimes not
feasible in cirrhotic patients.
[26,27]
Although limited data are currently available
we have also to consider the emerging role of positron
emission tomography (PET) and PET-CT in differentiating
malignant from benign PVT.
In contrast with CT, MRI, PET, and PET-CT, CEUS is
a fast, effective, well tolerated and cheap technique,
that can be performed even in the same session in
[28,29]
. CEUS
which the thrombus has been detected
can be performed bedside and can be available also
in transplanted patients. Moreover, CT and MRI only
yield a snapshot analysis during contrast diffusion,
while CEUS allows for a continuous real-time imaging
of the microcirculation that lasts several minutes, so
that the whole arterial phase and the late parenchymal
phase of the contrast diffusion can be analyzed
continuously by real-time US scanning. Continuous
real-time monitoring of contrast diffusion entails an
easy detection of thrombus maximum enhancement.
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In fact, some patients show only a transient and very
early enhancement inside the malignant thrombi after
[30]
injection of the contrast . CT and MRI could miss
thrombus neovascularity in these kind of patients if
the arterial phase scans are not taken at the time
of maximum enhancement. Moreover, continuous
quantitative analyses of enhancement (wash in wash out studies) by CEUS during contrast diffusion
is nowadays available in most CEUS machines, thus
giving a more sophisticated and accurate evaluation of
the contrast distribution and an increased confidence
in diagnosis in difficult cases.
In conclusion, CEUS is a very reliable technique
with a high intrinsic sensitivity for portal vein patency
assessment. CEUS shows significantly higher sensitivity
than CT in both detection and characterization of PVT.
Due to its high performance in characterization of
PVT in cirrhotic patients, we think that CEUS should
be considered as the gold standard method and,
often, the only diagnostic tool in cirrhotic patients for
differential diagnosis between malignant and benign
PVT. In this clinical setting, CEUS can be considered
the best method for assessing eligibility of cirrhotic
patients with HCC and PVT to liver transplantation,
surgical resection or percutaneous treatments,
without resorting to invasive methods such as FNB.
More expensive and sophisticated techniques (i.e.,
CT, MRI, PET, and PET-CT) should only be indicated in
undetermined cases at CEUS.
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EDITORIAL

Management of hepatitis delta: Need for novel therapeutic
options
Zaigham Abbas, Minaam Abbas
antigen and provides a means for the virus to enter
and exit the hepatocyte. Hepatitis B and D viruses
exploit the human sodium taurocholate co-transporting
polypeptide (NTCP), a receptor, for their entry into
hepatocytes. Prenylation of the large delta antigen is a
critical determinant of HDV particle assembly. Treatment
with pegylated interferon results in sustained virological
response six months post-treatment in one fourth of
the patients. Nucleos(t)ide analogs (NAs) have been
widely tested in hepatitis delta, but they appear to be
ineffective. Combination treatment of NAs with interferon
also proved to be disappointing so there is a need for
novel therapeutic options. The receptor function of
NTCP is blocked by Myrcludex B, a synthetic N-acylated
preS1 lipopeptide that competes with infectious virions
for receptor binding. There are already some approved
drugs available, including irbesartan, ezetimibe, and
ritonavir and cyclosporin A, with documented inhibitory
effects on NTCP’s metabolic function. These drugs may
have a role in HDV treatment. Interference with hostmediated post-translational changes of proteins that are
crucial to the HDV life cycle, such as prenylation may
become an important tool to control HDV infection and
prevent replication. Lonafarnib, a prenylation inhibitor
significantly reduces virus levels in hepatitis delta
patients. Antisense oligodeoxynucleotides which are
complementary to genomic HDV ribozyme self-cleavage
site and stem Ⅰ regions can inhibit genomic HDV ribo
zyme activity.
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Core tip: The human sodium taurocholate cotran
sporting polypeptide (NTCP) has been identified as
a functional, preS1-specific receptor for hepatitis B
and D virus entry. New antiviral drugs will target this
receptor to control hepatitis delta infection. There are

Abstract
Hepatitis D virus (HDV) is the smallest single stranded
RNA virus infecting humans. The hepatitis B surface
antigen envelope protein protects the HDV nucleocapsid
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already a few approved drugs available in the market
with inhibitory effects on NTCP. Interference with
host-mediated post-translational changes of proteins
that are crucial to the Hepatitis D virus (HDV) life
cycle, such as prenylation may become an important
tool to prevent HDV replication. These developments
are important since pegylated interferon maintains a
sustained virological response in just a quarter of all
patients.

and biochemical response in one third of the patients.
However, sustained virological response (SVR) at 6
[8]
mo post treatment is only seen in 17% of patients .
Treatment with pegylated interferon (PEG-IFN) results
in SVR six months post-treatment in one fourth of the
[6,9]
patients . Weekly injection of PEG-IFN is currently
used for 12 to 18 mo. SVR at six months correlates
[10]
with absence of advanced fibrosis in most cases .
Late HDV RNA relapses may occur after PEG-IFN
therapy of hepatitis delta and thus the term “sustained
virological response” should be used with caution in
[11]
HDV infection .
After initiation of therapy with PEG-IFN, a median
delay of 9 d (interquartile range 5-15) was observed
with no significant changes in HDV level. Thereafter,
HDV declined in a biphasic manner, where a rapid first
phase lasting for 25 d (inter quartile range: 23-58)
was followed by a slower or a plateau second phase.
None of the patients with flat second phase in HDV
achieved complete virological clearance (CVR). The
observation that a flat second phase in HDV and
HBsAg kinetics was associated with failure to achieve
CVR provides the basis to develop early stopping rules
[12]
during PEG-IFN treatment in HDV-infected patients .
There is no impact of interferon lambda3 rs12979860
single nucleotide polymorphism on the long term
[13]
drug induced hepatitis D clearance . Response to
the treatment can be predicted by the HDV RNA
assessment at six months, which may give clues as
to whether to stop treatment. Patients with negative
[9]
HDV RNA at six months are more likely to have SVR
while non-responders could be identified by a less than
[14]
3 log decrease of HDV RNA at 6 mo of treatment .
Although no head to head comparison trials have
been carried out using pegylated interferon alpha 2a
or 2b, both therapeutic regimens appear to be equally
effective.
Nucleos(t)ide analogs (NAs) have been widely
tested in CDH, but they appear to be ineffective. Only
one study has shown that Long-term exposure to
tenofovir significantly reduced serum HDV-RNA apart
from completely suppressing HBV-DNA in HIV-infected
patients with hepatitis delta. This virological benefit
was accompanied by significant improvements in liver
[15]
fibrosis . Combination treatment of NAs with IFNs
does not provide any edge over PEG-IFN monotherapy
[16]
in terms of suppressing HDV infection . In the HepNet/International Delta Hepatitis Intervention Trial
(HIDIT 1) PEG-IFN with Adefovir arm given for 48 wk
showed significant decline in HBsAg titers compared
[17]
to PEG-IFN with placebo
but HIDIT 2 trial using
the more powerful nucleotide analogue, tenofovir, in
combination with pegylated interferon with increased
treatment duration of up to 96 wk, failed to reproduce
[18]
the earlier results of HBsAg decline .

Abbas Z, Abbas M. Management of hepatitis delta: Need
for novel therapeutic options. World J Gastroenterol 2015;
21(32): 9461-9465 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i32/9461.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9461

INTRODUCTION
Hepatitis D virus (HDV) is the smallest single stranded
RNA virus infecting humans. It is a defective virus
that requires hepatitis B surface antigen (HBsAg) for
transmission. The virus particle has a circular genomic
RNA, encoding small and large delta antigens (S-HDAg
and L-HDAg) and a surrounding lipid envelope
embedded with HBsAg. S-HDAg is required for the
initiation of viral genome replication, whereas L-HDAg
serves as a principal inhibitor of replication and is
[1,2]
essential for the assembly of new virion particles .
The HBsAg envelope protein protects the HDV
nucleocapsid antigen and provides a means for the
virus to enter and exit the hepatocyte. Hepatitis B
and D viruses exploit human sodium taurocholate cotransporting polypeptide (NTCP) for species-specific
[3]
entry into hepatocytes . HBsAg is not necessary for
the replication of HDV once it has entered the cell.
Worldwide, there are approximately 240 million
individuals chronically infected with the hepatitis B
virus (HBV), including 15-20 million coinfected with
[4]
the hepatitis D virus . The disease continues to be
a major medical scourge in the Asia Pacific region,
[5]
specially Pakistan, Mongolia and Eastern Europe .
Hepatitis delta (D) occurs either as coinfection with
acute hepatitis B or as a superinfection in patients
with pre-existing chronic HBV infection. Chronic
hepatitis D is a serious form of chronic liver disease
with an accelerated course leading to early cirrhosis,
[6]
decompensation, and hepatocellular carcinoma .

INTERFERON BASED THERAPIES
No specific therapy exists for hepatitis D. Interferon
(IFN) alpha, standard or pegylated, is the only
approved option available so far. The rate of response
is proportional to the dose of IFN, with 9 million units
(MU) three times a week being more effective than
[7]
3 MU thrice weekly . Conventional interferon given
for one year results in end-of-treatment virological
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VIRUS ENTRY INHIBITORS
Inhibition of virus entry has become a major concept
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in the development of new antiviral drugs. Hepatitis
B immunoglobulins have long been used to neutralize
infection by binding to the S-domain of HBV surface
proteins and preventing reinfection of the graft after
liver transplantation. Recently, the human sodium
taurocholate cotransporting polypeptide (NTCP) has
been identified as a functional, preS1-specific receptor
[19]
for HBV and HDV entry into hepatocytes . It is
therefore important to study the therapeutic potential
of virus entry inhibitors, especially when combined
with strategies to induce immune-mediated killing of
infected hepatocytes. The large envelope (L) protein
on the surface of HBV and HDV particles has many
different functions and is required for virus entry.
The HBV L protein mediates attachment of virions
to heparan sulfate proteoglycans on the surface of
hepatocytes. The myristoylated N-terminal preS1
domain of the L protein subsequently binds to the
NTCP. The receptor functions of NTCP and virus entry
are blocked by Myrcludex B, a synthetic N-acylated
preS1 lipopeptide that competes with infectious virions
[20]
[3]
for receptor binding . Ni et al identified 2 shortsequence motifs in human NTCP that were required for
species-specific binding and HBV and HDV entry via
NTCP.
A recent ongoing study has recruited 24 patients
with hepatitis delta (compensated liver disease; 12.5%
cirrhosis) scheduled for 48 wk of PEG-IFN therapy.
Eight hepatitis delta patients are receiving pretreatment with 2 mg Myrcludex B alone for 24 wk (B1);
Myrcludex B was added to PEG-IFNa for the first 24 wk
to another 8 patients (B2) while 8 patients are getting
treatment with PEG-IFNa alone (B3). 6/7 and 7/7 of
patients, whom data is available, experienced greater
than one log reduction in HDV RNA levels at week
24 during Myrcludex B monotherapy or combination
therapy while this response was observed in 7/7 of
patients with PEG-IFNa monotherapy group at week
12. However, at week 24, HDV RNA became negative
in two patients who received Myrcludex B alone and
five patients who received its combination with PEGIFNa. ALT values declined at week 24 in 6/7 (B1), 4/7
(B2) and 3/7 (B3, week 12) patients. One patient in
B1 and one in B2 had both negative HDV RNA and
[21]
normal ALT at week 24 . This is a small study, with
only interim results available. However, it is apparent
that at least end of treatment virological response will
be better in the combination arm.
There are already some approved drugs available
with documented inhibitory effect on NTCP metabolic
[22]
function . These FDA approved molecules include
irbesartan, ezetimibe, and ritonavir. Irbesartan is an
angiotensin Ⅱ receptor antagonist used primarily for
the treatment of hypertension. Ezetimibe lowers plasma
cholesterol levels, while ritonavir is an antiretroviral
drug from the protease inhibitor class used to treat HIV
[23]
infection. Blanchet et al
investigated the ability of
these drugs to impair viral entry using a HDV in vitro
infection model based on a NTCP-expressing Huh7 cell
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line. They demonstrated the potential of three FDA
approved molecules to alter HDV infection in vitro.
Another drug, cyclosporin A inhibits the binding of
[24]
HBV preS to NTCP . Nevertheless, its effect on HDV
transmission needs further study. Administration of an
entry inhibitor, possibly used in combination with current
HBV drugs, may improve patients’ treatment outcome.

PRENYLATION INHIBITORS
Interference with host-mediated post-translational
changes of proteins that are crucial to the HDV life
cycle, such as prenylation may become an important
tool to control HDV infection and prevent replication.
Molecular genetic studies have implicated the hostmediated post-translational changes of proteins
such as prenylation of large delta antigen (LHDAg)
as a critical determinant of HDV particle assembly.
Moreover, it has been shown that the isoprenylation of
L-HDAg induces liver fibrosis through the modulation
[25]
of TGF-beta-induced signal transduction pathway .
Prenylation is the addition of hydrophobic molecules to
a protein or chemical compound. Protein prenylation
involves the transfer of either a farnesyl or a geranylgeranyl moiety to C-terminal cysteine(s) of the target
[26]
protein . The enzymes that carry out prenylation in
the cell are farnesyl transferase and geranylgeranyl
transferase. Prenylation plays an important role in
mediating protein-protein interactions and proteinmembrane interactions.
Delta antigen prenylation can be pharmacologically
inhibited by the prenylation inhibitor BZA-5B. BZA5B is an inhibitor of farnesyltransferase activity.
Furthermore, BZA-5B specifically abolishes particle
[27]
production in a dose-dependent manner . FTI-277,
another farnesyltransferase inhibitor, prevented the
production of complete infectious HDV versions of two
[28]
different genotypes . Farnesyltransferase inhibitors
thus represent an attractive potential class of novel
antiviral agents for use against HDV. In a recent phase
2a study in which 12 patients were treated with 100
mg twice daily (n = 6; termed group 1) or 200 mg
twice daily for 28 d of lonafarnib, a farnesyltransferase
inhibitor (termed group 2). After a delay of appro
ximately 1 d in which HDV remained at baseline
st
levels, a biphasic viral decline was observed. The 1
phase lasted for 7 to 21 d with greater (P = 0.04) viral
decline from baseline in group 2 (median 0.95; inter
quartile range: 0.69; log IU/mL) compared to group
1. So a dose dependent effect of lonafarnib in blocking
HDV release was observed with efficacies of 67% and
87% in the 100 mg and 200 mg twice daily lonafarnib
[29,30]
dosing groups, respectively
. Thus, the treatment
of chronic HDV infection with the prenylation inhibitor
lonafarnib significantly reduced the virus levels in these
patients. This reduction in viral load in a short period
of three weeks is interesting and merits further studies
with longer duration of therapy. There is an unmet
need to explore the efficacy and safety of combining a
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viral entry inhibitor with the prenylation inhibitor in the
next phase of the studies.

9

ANTISENSE OLIGONUCLEOTIDES

10

An antisense oligonucleotide is a short strand of
deoxyribonucleotide analogue that hybridizes with the
complementary mRNA in a sequence-specific manner
[31]
via Watson-Crick base pairing . Antisense therapy is
a form of treatment for genetic disorders or infections.
It is possible to synthesize a strand of nucleic acid that
will bind to the messenger RNA (mRNA) produced
by that gene and inactivate it, effectively turning
that gene “off”. Alternatively, the strand might be
targeted to bind a splicing site on pre-mRNA and
modify the exon content of an mRNA. It has been
shown that antisense oligodeoxynucleotides which
are complementary to genomic HDV ribozyme selfcleavage site and stem Ⅰ regions can inhibit genomic
[32]
HDV ribozyme activity .
In conclusion, patients with hepatitis D should
be treated with PEG-IFN for 12-18 mo. Long term
monitoring is needed after the successful treatment
to detect late relapses. Identification of NTCP as a
functional, preS1-specific receptor for HBV and HDV
is a great breakthrough and opens a new era of virus
entry inhibitors. Delta antigen prenylation inhibitors
are another group of drugs with potential to halt the
spread of infection. It is therefore important to study
the therapeutic potentials of these drugs, and evolve
combined strategies to prevent viral entry, assembly,
and transmission as well as induce immune-mediated
killing of infected hepatocytes.
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TOPIC HIGHLIGHT
2015 Advances in Cirrhosis

Asymmetric dimethylarginine as a mediator of vascular
dysfunction in cirrhosis
Paloma Lluch, Gloria Segarra, Pascual Medina

Abstract

Paloma Lluch, Department of Gastroenterology and Hepatology
and Institute of Health Research INCLIVA, Hospital Clínico
Universitario Valencia, 46010 Valencia, Spain

Cirrhosis is associated with marked abnormalities
in the circulatory function that involve a reduction
in systemic vascular resistance. An important cause
of this vasodilatation is the increased production
or activity of nitric oxide (NO) in the splanchnic
circulation. During portal hypertension and cirrhosis
an increased endothelial NO synthase (eNOS) activity
is demonstrated in splanchnic vessels. In contrast,
the activity of eNOS in the cirrhotic liver is decreased,
which suggests a different regulation of eNOS in
the liver and in the splanchnic vessels. Asymmetric
dimethylarginine (ADMA) is an endogenous NO
inhibitor and higher plasma levels of ADMA are related
to increased cardiovascular risk in both the general
population and among patients with cirrhosis. It has
been demonstrated that the liver is a key player in the
metabolism of ADMA. This observation was further
supported by investigations in human patients, showing
a close correlation between ADMA plasma levels and
the degree of hepatic dysfunction. ADMA is degraded
to citrulline and dimethylamine by dimethylarginine
dimethylaminohydrolases (DDAHs). DDAHs are
expressed as type 1 and 2 isoforms and are widely
distributed in various organs and tissues, including
the liver. In this review, we discuss experimental
and clinical data that document the effects of
dimethylarginines on vascular function in cirrhosis. Our
increasing understanding of the routes of synthesis
and metabolism of methylarginines is beginning to
provide insights into novel mechanisms of liver disease
and allowing us to identify potential therapeutic
opportunities.
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of intracellular proteins involving the addition of a methyl
group, provided by S-adenosyl methionine, to arginine
residues in the polypeptide chain by the action of
[14]
protein arginine methyltransferases (PRMTs) . PRMTs
catalyze monomethylation, which initially leads to
[14]
the synthesis of L-NMMA
or transfer two methyl
groups in either a symmetric (leading to SDMA) or
[15,16]
an asymmetric configuration (leading to ADMA)
.
PRMTs are divided in two groups: types Ⅰ and Ⅱ .
Type Ⅰ PRMTs produce ADMA and type Ⅱ produce
SDMA. Both types are responsible for the production of
[15,17]
L-NMMA
.
Alterations in expression of PRMTs are associated
with corresponding changes in ADMA release, thus
suggesting that rates of ADMA formation in the vessel
wall may be regulated in part through alteration
[18]
in PRMTs expression . The gene expression of
PRMTs is increased in cultured endothelial cells after
administration of both native low-density lipoprotein
[18]
and oxidized low-density lipoprotein . These
compounds, similarly to glucose and homocysteine,
are also responsible for a higher activity of PRMTs,
[16,18-20]
which results in increased ADMA concentration
.
Plasma levels of ADMA in healthy subjects are
[11]
in the range of 0.3-0.5 µmol/L , but in some
pathological states increase two- or even ten-fold,
[21]
contributing to inhibit NO synthesis . It is noteworthy
that the concentration of ADMA inside cells is higher
than outside. The intracellular levels of ADMA in
endothelial cells obtained from rabbit carotid artery is
[22]
ten times higher than in plasma .

Core tip: Several lines of evidence point out that
the liver is an important organ clearing asymmetric
dimethylarginine (ADMA), an endogenous inhibitor
of nitric oxide synthase and a mediator of elevated
intrahepatic vascular tone in cirrhosis. ADMA is
degraded by dimethylarginine dimethylaminohydrolases
that are expressed widely in the liver. Therefore, liver
dysfunction could lead to alterations in the levels of
ADMA and modifies nitric oxide bioavailability. Our
increasing understanding of the routes of synthesis
and metabolism of methylarginines is beginning to
provide insights into novel mechanisms of liver disease
and allowing us to identify potential therapeutic
opportunities.
Lluch P, Segarra G, Medina P. Asymmetric dimethylarginine
as a mediator of vascular dysfunction in cirrhosis. World J
Gastroenterol 2015; 21(32): 9466-9475 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i32/9466.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i32.9466

Synthesis of Nitric Oxide
Nitric oxide (NO) is generated from the metabolism of
L-arginine by three isoforms of NO synthase (NOS),
namely endothelial NOS (eNOS), inducible NOS (iNOS)
[1]
and neuronal NOS (nNOS) . Endothelial NO accounts
for the powerful vasodilator effects of endothelium[2-4]
derived vasodilator factor
and consequently plays
a decisive role in determining vasomotor tone. Upon
its generation in endothelial cells, NO acts in part
by stimulating soluble guanylate cyclase to produce
second-messenger cyclic guanosine monophosphate
[5]
(cGMP), which in turn mediates vasodilatation .

Elimination of methylarginines

ADMA is excreted in part by the kidneys, but the main
elimination pathway is throught the enzyme dime
thylarginine dimethylaminohydrolase (DDAH Ⅰ and
[11,23]
. DDAH is
Ⅱ) to citrulline and dimethylamine
[24-26]
widely distributed in tissues, including the liver
.
In contrast to ADMA, SDMA is eliminated by renal
[23,27-29]
clearance and cannot be degraded by DDAH
.
There has been increasing interest in the studies
concerning plasma levels of NO, ADMA and SDMA in
[26,30-34]
patients with liver dysfunction
. In experiments
[26]
in Wistar rats, Nijveldt et al
demonstrated the
potential role of the liver in the metabolism of ADMA
as evidenced by a high net uptake and a considerable
fractional extraction rate. In contrast to ADMA, SDMA
[26]
was hardly affected by the liver . Further studies
showed markedly increased plasma levels of ADMA
[31]
in multiple organ failure patients
and in patients
[35]
developing hepatic failure after major hepatectomy .
Interestingly, Siroen and co-workers have shown that
the human liver not only takes up ADMA, but also
SDMA from the portal and systemic circulation, and
suggested that high plasma levels of SDMA may have
hemodynamic consequences similar to those reported
[36]
by ADMA . This finding is in contrast with the results
in the rat in which SDMA was not affected by the
[26]
liver . This discrepancy between human and rat liver

Synthesis of Methylarginines
G

Free guanidino-methylated (N ) arginine residues
occur endogenously as a result of proteolysis of
[6,7]
methylated proteins
. The L-arginine analogues
G
G
G
include N -methyl-L-arginine (L-NMMA), N , N dimethyl-L-arginine (asymmetric dimethylarginine;
G
’G
ADMA) and N , N -dimethyl-L-arginine (symmetric
dimethylarginine; SDMA). ADMA and L-NMMA are
[8-10]
competitive inhibitors of the NOS enzymes
.
SDMA, a stereoisomer of ADMA, has no inhibitory
effect on NOS, but may interfere with NO synthesis
by competing with L-arginine for transport across cell
[11,12]
membranes
. More recent data demonstrate that
SDMA, but not ADMA, stimulates reactive oxygen
2+
species production of monocytes by acting on Ca
[13]
entry via store-operated calcium channels . Since
plasma concentrations of ADMA are approximately ten
times higher than that of L-NMMA, it was postulated
that ADMA is the main endogenous regulator of the
[11]
L-arginine/NO pathway .
Protein methylation is a post-translational modification
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has been ascribed to the presence of other, relatively
unknown alternative metabolic pathways for both
[27]
dimethylarginines , which may be more significant in
[36]
the human liver in comparison with the rat liver .
DDAH Ⅰ appears to be the major isoform respon
[37]
sible for ADMA degradation , being the major
[38]
isoform expressed in the hepatocytes . Loss of
DDAH Ⅰ activity, using specific inhibitors, leads to
accumulation of ADMA. Both plasma and tissue levels
of ADMA increase in Ddah+/- mice with deletion of the
Ddah1 gene. In Ddah+/- mice, some symptoms of
endothelial dysfunction, including increased contraction
in response to phenylephrine, reduced relaxation
in response to acetylcholine or calcium ionophore
A23187, and increased relaxation in response to
[39]
sodium nitroprusside, are observed . Hemodynamic
effects such as increased mean arterial blood pressure,
decreased cardiac output and heart rate, and elevated
right ventricular pressure are also revealed. No
increase in the expression of DDAH Ⅱ in these mice is
[39]
noted .

Alcoholic Cirrhosis
[58]

ROLE OF ADMA IN SOME
PATHOPHYSIOLOGICAL STATES
Elevated ADMA plasma levels have been found to
be associated with impaired endothelium-dependent
[40]
vasodilatation . Elevated plasma levels of ADMA were
[41-44]
detected in patients with cardiovascular diseases
.
Oxidative stress is also responsible for increased
[45]
synthesis and/or inhibition of catabolism of ADMA
that are observed in patients with hypercholesterolemia,
hyperglycemia, hyperhomocysteinemia, diabetes,
[18,43,46,47]
hypertension, and heart failure
. A high level
of ADMA independently predicts future cardiovascular
[48]
risk in patients with coronary artery disease
and
adverse cardiovascular events in patients undergoing
[49]
percutaneous coronary intervention . The level of this
[40]
compound also increases with aging . In critically ill
patients with clinical evidence of more than two organ
failures, ADMA is a strong and independent risk factor
[31]
[11]
[30]
of mortality . Renal failure
and liver cirrhosis
are further examples of disorders with increased
levels of ADMA as both organs are responsible for
the elimination of ADMA. Significant correlation was
observed between the concentration of ADMA in graft
[50]
and liver function after transplantation .
Several lines of evidence indicate that elevated
inflammatory biomarkers are closely associated with
[51,52]
endothelial dysfunction and NO synthesis inhibition
.
Systemic inflammation is linked to enhanced ADMA
plasma levels and endothelial dysfunction, both in low[53,54]
grade inflammation, such as atherosclerosis
and
in chronic inflammatory diseases, such as rheuma
[55]
[56]
toid arthritis , inflammatory bowel disease , and
[57]
asthma .
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[59]

Excessive NO production
and cGMP plasma levels
seem to play a key role in determining the decrease
in splanchnic vascular resistance observed in decom
[58]
pensated cirrhosis . Conversely, the levels of NO
in hepatic tissue are decreased, and this is probably
due to reduced hepatic eNOS activity shown in
[60,61]
[62]
experimental animals
and humans . A decrease
in NO production by sinusoidal endothelial cells in the
cirrhotic liver is an important factor in the development
[52,61-64]
and maintenance of portal hypertension
.
Patients with decompensated alcoholic cirrhosis
[65]
(class B and C according to Pugh classification) exhibit
greater plasma levels of ADMA and NO when compared
with both patients with compensated alcoholic cirrhosis
(class A of Pugh score) and healthy subjects, but
SDMA and L-arginine levels are not different between
[30]
groups . There is a positive correlation between the
clinical score of the patients and concentrations of ADMA
and NO and a negative correlation between plasma
ADMA and NO concentrations in the control group and
[30]
compensated patients . However, no correlation is
observed between ADMA and NO in decompensated
[30]
cirrhotic patients . Therefore, the increase in ADMA
and NO concentrations in decompensated patients
[30]
may reflect a response to hepatocellular damage .
Since SDMA concentrations are not significantly
different between groups, a high ratio ADMA/SDMA
is observed in the decompensated group of patients,
[66,67]
thus suggesting a decreased activity in DDAH
. It
is conceivable that a rise in ADMA in the liver would
decrease local production of NO and intrahepatic
vascular resistance would increase. Elevated ADMA,
attributable to reduced renal excretion, is unlikely
because creatinine plasma levels in the three groups of
[30]
patients were within normal values .
The increase in plasma levels of ADMA observed in
[30]
alcoholic cirrhosis
and in acute decompensation of
[68]
alcoholic liver disease is moderate (twofold elevation
in ADMA). The increase in plasma levels of ADMA in
[69]
individuals with vascular risk factors
and in patients
[70]
with coronary artery disease is also small. Therefore
it has been proposed that small changes in the plasma
levels of ADMA may be sufficient to alter significantly
[71]
NO production by endothelial cells . Cellular studies
demonstrate that ADMA accumulates inside endothelial
cells reaching values 5-10 times higher than outside
[22]
the cells . Therefore, small changes in plasma levels
of ADMA would be expected to have a large effect on
the intracellular levels of this NOS inhibitor and cause
[22]
inhibition of NO formation . However, the intracellular
levels of ADMA in endothelial cells under cirrhosis are
not known.
In a rat carotid model of balloon injury it was
observed that 28 d post injury there was an impairment
of endothelium-dependent vascular relaxation that was
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Portal hypertension and cirrhosis
Liver
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Hepatic resistance

Portal vein
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Figure 1 Different asymmetric dimethylarginine metabolism in liver and splanchnic circulation in portal hypertension and cirrhosis. A simplified scheme of
different asymmetric dimethylarginine (ADMA) metabolism showing that dimethylarginine dimethylamohydrolase (DDAH) activity is reduced in the cirrhotic liver leading
to accumulation of ADMA and decreased nitric oxide (NO) synthesis producing and increase of hepatic vascular tone. On the other hand, in splanchnic circulation
portal hypertension and cirrhosis induce and increased expression and function of DDAHs, reducing ADMA levels and increasing NO bioavailability that could cause
splanchnic vasodilation.
[72]

associated with a significant increase in intracellular
[22]
levels of methylarginines (ADMA and L-NMMA) .
These results demonstrated for the first time that
under these pathological conditions intracellular
methylarginines reach concentrations sufficient to inhibit
NO production and endothelium-dependent relaxation.
Whether these observations can be applied to other
pathological conditions is still unknown. The course of
ADMA concentrations has been investigated in patients
[32]
undergoing liver transplantation . The results showed
that preoperative plasma levels were significantly
elevated, and ADMA plasma concentrations decreased
on the day after transplantation, thus indicating that
[32]
the liver graft is quickly capable of clearing ADMA .
Furthermore, in patients who experienced acute
rejection, ADMA concentrations were higher compared
with nonrejectors, indicating a reduced activity of the
[32]
degrading enzyme DDAH in the liver . A recent report
has shown a significant reduction in hepatic DDAH-1
expression in cirrhotic livers that is associated with
increased hepatic ADMA, reduced hepatic eNOS activity
[38]
and elevated portal hypertension (Figure 1).
A paradoxical situation has been described in
the setting of alcoholic cirrhosis where an increased
plasma concentration of ADMA, endogenous inhibitor
of NOS, is linked to an increase of NO. Interpretation of
these results is difficult but some possible explanations
have been proposed. It has been demonstrated that
DDAH activity is inhibited by high concentrations of
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NO . This NO-induced DDAH inhibition would lead to
[72]
accumulation of ADMA . If this DDAH inhibition also
occurs in cirrhosis, it may clarify why the enhanced
synthesis of NO in cirrhosis can be associated with
an inhibition of the DDAH activity and an increase in
ADMA levels.
It has been shown that ADMA inhibits the basal
release of NO from the endothelium and increases
[73]
the tone of peripheral vessels . This inhibitory
effect on NO synthesis corrects the hyporeactivity to
vasoconstrictors demonstrated in experimental models
[74]
of portal hypertension . Therefore, it is possible
that a rise in ADMA plasma levels in cirrhosis might
represent a compensatory mechanism to decrease NO
overproduction and, accordingly, to counterbalance
[30]
excessive peripheral vasodilatation .
The paradox is extended to the study of hyperdynamic
circulation in cirrhosis where the mesenteric vasodilation
established during cirrhosis is associated with an increase
[30,68,75,76]
in systemic ADMA levels
. The increase in such
levels does not inhibit NOS nor the excess NO in the
splanchnic endothelial cells in contrast with the decreased
[77]
generation of NO in the liver . Most studies have paid
attention to NOS activity and NO overproduction in
splanchnic vessels disregarding the role of DDAHs in
these vessels. In small mesenteric arteries from portal
hypertensive and cirrhotic rats the low ability of ADMA
to inhibit NOS is related to a higher expression of
[78]
DDAHs and a larger ADMA degradation . It has been
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proposed that this greater DDAH expression could
be a new mechanism involved in the increased basal
release of NO and enhanced mesenteric vasodilation
[78]
observed in the hyperdynamic circulation (Figure 1).
In patients with acute alcoholic hepatitis ADMA,
SDMA and their combined sum, which has been
termed dimethylarginine score (DAS = ADMA +
[68]
SDMA), are increased . The calculated DAS value
is significantly higher in nonsurviving patients with
acute hepatic decompensation compared to survivors.
Therefore the DAS value has been proposed as a
clinically relevant predictive indicator when evaluating
[68]
survival in acute hepatic decompensation . DDAH
protein expression is reduced and PRMT-1 increased
in alcoholic hepatitis livers, thus indicating that the
increase in ADMA may result from both decreased
breakdown (decreased hepatic DDAH) and/or increased
production (increased PRMT). The increase in SDMA
is probably secondary to impairment of the renal
circulatory bed. Increased ADMA has been associated
with a decrease in renal plasma flow and increased
[79]
renovascular resistance
which would lead to increa
sed renal retention of SDMA.

ment with IFN for two weeks the NO serum levels
were increased if HCV-RNA was eradicated, but if HCVRNA was present the NO levels were not different from
[82]
those in healthy subjects . In another study, NO
plasma levels were decreased in four patients treated
with pegylated IFN-α-2b or IFN-α-2a plus ribavirin for
[87]
48 wk . Consistent with these results, a previous
study demonstrated that NO plasma levels in patients
with chronic hepatitis C treated with INF-α for 18 mo
[88]
did not differ from controls . It remains to be clarified
whether NO and ADMA levels change throughout the
period of treatment of the HCV infection with IFN or
another therapy for hepatitis C.

Hepatorenal Syndrome
Hepatorenal syndrome (HRS), a major complication
of end-stage cirrhosis, is characterized by functional
renal failure and severe alterations in the systemic
[89]
circulation (for review see ). Impairment of kidney
function is a consequence of marked reduction of
renal blood flow probably caused by activation of
specific vasoconstrictor systems including sympathetic
nerves, renin-angiotensin, and arginine-vasopressin to
[89]
counteract the vasodilatation of splanchnic circulation .
[90]
Nijveldt et al hypothesized a causal role for ADMA in
the progression of renal failure in advanced cirrhosis.
They proposed that accumulation of ADMA, probably
caused by impaired hepatic removal, may have
detrimental effects on renal function by inhibiting NO
synthesis, thereby interfering with renal blood flow
[90]
and glomerular filtration . ADMA elicits contractile
[91]
effects on human renal arteries
and increased
plasma levels of ADMA has been associated with
a decrease in renal plasma flow and increase in
[79]
renovascular resistance in humans . Therefore,
it has been proposed that increased ADMA might
be involved in the decrease of renal perfusion and
the initiation of functional renal failure in advanced
[84]
cirrhosis .
In a previous study we investigated whether
plasma levels of SDMA, ADMA and NO are elevated in
patients with hepatorenal syndrome, compared with
[84]
patients with cirrhosis without renal failure . In the
group of patients with hepatorenal syndrome, SDMA
concentration was about fourfold higher compared to
patients with cirrhosis with normal kidney function or
healthy subjects. ADMA and NO concentrations were
significantly higher in both groups of patients when
compared to controls. In patients with hepatorenal
syndrome, a significant positive correlation was
observed between SDMA and serum creatinine but not
between ADMA and creatinine.
SDMA plasma levels remain within normal values
[30]
in alcoholic cirrhosis with normal renal function
and in patients with end-stage liver failure prior to
[33]
liver transplantation . This strongly suggests that
the high levels of SDMA observed in patients with
HRS are caused by impairment of renal function.

Chronic Hepatitis C
The role of NO in the pathophysiology of HCV infection
still remains controversial. Clinical studies have failed
to provide association between the NO plasma levels
[80-82]
and chronic hepatitis C
. Considering data from
the literature, patients with chronic hepatitis C have
[81]
[82]
shown NO plasma levels decreased
or enhanced .
Furthermore, no significant differences were observed
between NO, ADMA, and SDMA plasma levels in
patients with chronic hepatitis C and in patients
with sustained viral response after treatment with
[83]
interferon (IFN) plus ribavirin . One explanation for
the discrepancy may be the grade of hepatocellular
damage. Certainly, a previous study performed in
our laboratory has demonstrated that in patients with
compensated alcoholic cirrhosis (i.e., Child-Pugh score
below 7), no significant differences in ADMA, SDMA
and NO plasma concentrations were observed as
[30]
compared to healthy subjects . However, in patients
with decompensated alcoholic cirrhosis (i.e., Child-Pugh
score equal or above 7) or hepatorenal syndrome,
ADMA and NO concentrations were significantly higher
[30,84]
when compared to healthy subjects
.
It remains unclear the mechanisms by which IFN
mediates its anti-HCV effect in vivo. Mononuclear cells
obtained from patients with hepatitis C treated with
IFN-α show increased iNOS activity and NO synthesis,
pointing out that induced NO may be associated to
[85]
the antiviral actions of IFN in hepatitis C . Although
it has been demonstrated a widespread expression of
iNOS in hepatocyte from patients with chronic hepatitis
C, this increased expression of the enzyme is not
[86]
accompanied by increased NO serum concentration .
Furthermore, in patients with hepatitis C after treat
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As a consequence, SDMA is not correlated with
NO but it is significantly correlated with serum
creatinine. A positive correlation between plasma
SDMA concentrations and serum creatinine has been
previously demonstrated in patients with chronic renal
failure due to primary renal disease in the absence of
[11,66,92]
liver dysfunction
. After kidney transplantation,
the concentrations of SDMA returned to baseline
[92]
[93]
values . Kielstein et al
collected and analyzed
data from 18 studies involving 2136 patients; their
results showed that SDMA concentration correlated
highly with inulin clearance as well as with serum
creatinine. These results confirmed previous studies in
[94-96]
[97,98]
humans
and experimental animals
showing a
close relationship between SDMA and renal function.
On the other hand, in our study we did not find corre
lation between plasma levels of ADMA and serum
creatinine which indicates that the increase in plasma
ADMA in patients with HRS was not due to a decrease
in renal clearance of ADMA. In contrast to ADMA,
SDMA is eliminated by renal clearance and cannot be
[23]
degraded by DDAH . The significance of high plasma
levels of SDMA in HRS is uncertain because there is no
[11]
evidence that it may inhibit NOS . However, SDMA at
high concentrations may interfere with NO production
[11,12,99]
by blocking cellular L-arginine uptake
. These
studies suggest that SDMA could have an inhibitory
effect of NO synthesis by limiting arginine availability
[12]
to NOS . Indeed, in primary chronic renal failure,
Fleck and coworkers pointed out the potential
importance of SDMA and concluded that not only
ADMA but also SDMA levels are likely responsible for
hypertension in these patients, possibly by competition
for reabsorption between SDMA and arginine in the
[92]
kidney . Therefore, SDMA is likely to be another
factor responsible for the increased intrarenal vascular
resistance observed in HRS.
The pathogenesis of renal vasoconstriction in
[89]
cirrhosis is multifactorial . Several lines of evidence
suggest that splanchnic arterial vasodilatation due
to an increased synthesis of NO plays a main role in
the initiation of reduced renal perfusion. Intravenous
administration of NOS inhibitors to cirrhotic patients
increases renal blood flow and glomerular filtration
rate, probably due to the increase in renal perfusion
caused by an increment in systemic arterial pressure in
[100]
these patients . These findings led to the suggestion
that NOS inhibitors might be useful in the treatment
[101]
of ascites in cirrhosis
. However, experiments in
cirrhotic rats raise the possibility that NO blockade
may have deleterious effects by increasing intrahepatic
[60]
vascular resistance . Moreover, it is possible that the
plasma concentrations of ADMA achieved in cirrhosis
could be biologically effective in renal vessels. With
regard to this, it has been proposed that increased
ADMA in hepatic dysfunction plays an important role
in the development of renal failure in patients with
[90]
cirrhosis . Indeed, ADMA increases renovascular
[79]
resistance in humans and elicits contractile effects on
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[102]

human renal
and cerebral
arteries. In addition,
NOS inhibitors enhance vascular contractile responses
to adrenergic agonists and sympathetic stimulation
[103-106]
of human arteries
. Thus, elevated ADMA levels
could promote renal vasoconstriction by blocking NO
synthesis in the endothelium of renal vessels as well
as potentiating the effects of perivascular sympathetic
nerves. This would lead to impairment of renal function
and SDMA retention.

CONCLUSION
Several basic and clinical studies have established
that the liver is an important organ in the metabolism
of ADMA. As ADMA is an endogenous inhibitor of
NOS, changes in the liver function could affect ADMA
levels and interfere with the NO synthesis. Despite
this, there is still a concerning gap in the knowledge,
understanding, and general awareness of mechanisms
involved in the vascular dysfunction associated to
cirrhosis. The regulation of methylarginine metabolism
by modulating cellular PRMT or DDAH activity will
therefore likely present a potential therapeutic option
for the treatment of vascular dysfunction associated to
liver diseases.
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Abstract
We analyzed prevalence, risk factors and hepatitis
C virus (HCV) genotype distribution in different
population groups in Croatia in the context of HCV
epidemiology in Europe, with the aim to gather all
existing information on HCV infection in Croatia which
will be used to advise upon preventive measures. It is
estimated that 35000-45000 of the Croatian population
is chronically infected with HCV. Like in other European
countries, there have been changes in the HCV
epidemiology in Croatia over the past few decades.
In some risk groups (polytransfused and hemodialysis
patients), a significant decrease in the HCV prevalence
was observed after the introduction of routine HCV
screening of blood/blood products in 1992. Injecting
drug users (IDUs) still represent a group with the
highest risk for HCV infection with prevalence ranging
from 29% to 65%. Compared to the prevalence in the
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Croatian general population (0.9%), higher prevalence
rates were found in prison populations (8.3%-44%),
human immunodeficiency virus-infected patients (15%),
persons with high-risk sexual behavior (4.6%) and
alcohol abusers (2.4%). Low/very low prevalence was
reported in children and adolescents (0.3%) as well as
in blood donors (0%-0.009%). In addition, distribution
of HCV genotypes has changed due to different routes
of transmission. In the general population, genotypes
1 and 3 are most widely distributed (60.4%-79.8%
and 12.9%-47.9%, respectively). The similar genotype
distribution is found in groups with high-risk sexual
behavior. Genotype 3 is predominant in Croatian
IDUs (60.5%-83.9%) while in the prison population
genotypes 3 and 1 are equally distributed (52.4%
and 47.6%). Data on HCV prevalence and risk factors
for transmission are useful for implementation of
preventive measures and HCV screening.

drug users (IDUs) and recipients of blood transfusions
prior to 1992 are traditionally identified risk groups for
[2-4]
HCV infection . Variable HCV prevalence is reported
[5-11]
in hemodialysis patients and prison populations
.
Transmission of HCV also occurs through occupational,
[12-14]
perinatal and sexual exposures
. However, the
association between HCV transmission and high-risk
[15-17]
sexual behavior is still controversial
. Tattooing
has emerged in recent years as an additional route
[18,19]
of HCV transmission
. In addition, some other
unconventional risk factors for HCV transmission
such as digestive endoscopy, abortions, acupuncture,
beauty treatments, practice of contact sports and
professional pedicure/manicure have been identified
[20]
among HCV-seropositive persons .
In this review, the prevalence, risk factors and
HCV genotype distribution in different population
groups in Croatia were analyzed in the context of HCV
epidemiology in Europe (Table 1).

Key words: Hepatitis C; Seroprevalence; Genotypes;
Croatia; Europe

HCV PREVALENCE AND TRANSMISSION
RISK FACTORS IN CROATIA
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It is estimated that between 35000 and 45000 of
the Croatian population is chronically infected with
[21,22]
HCV
. Prevalence of HCV infection in different
population groups is presented in Figure 1.

Core tip: As in other European countries, epidemiology
of hepatitis C has changed in Croatia in last few
decades. In addition, changes in the hepatitis C virus
(HCV) genotype distribution were observed due to
changes in prevailing routes of transmission. Although
a decline in HCV prevalence was observed in some risk
groups (polytransfused and hemodialysis patients),
HCV prevalence is still high in injecting drug users
(IDUs) (29%-65%), reaching 100% in older injectors
and those reporting sharing injection equipment. In
addition, a high HCV prevalence (8.3%-44%) was
found in Croatian prisoners reflecting high proportion of
IDUs within this population group. Since IDUs represent
a group with the highest risk for HCV, strategies to
reduce risk among IDUs should be considered.

Polytransfused patients and plasma product recipients

Before the introduction of routine HCV screening of
blood/blood products in 1992, transfusion-associated
HCV infections were common in Croatia. A study
on 359 hemophilia patients in the period from 1993
to 1999 showed that 75.9% tested positive to antiHCV antibodies, of whom all were infected through
[23]
coagulation factor concentrates before 1990 . In
a pilot study conducted in 1992, serologic evidence
of HCV infection was found in 24.1% polytransfu
[24]
sed patients . With the current blood transfusion
safety and the availability of recombinant clotting
factors, these patients are no longer at risk for HCV
[25]
infection .

Vilibic-Cavlek T, Kucinar J, Kaic B, Vilibic M, Pandak N,
Barbic L, Stevanovic V, Vranes J. Epidemiology of hepatitis C
in Croatia in the European context. World J Gastroenterol 2015;
21(32): 9476-9493 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i32/9476.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9476

Injecting drug users

IDUs represent the most common risk group for
HCV infection in Croatia. There are several studies
estimating prevalence of HCV infection among IDUs
which showed positivity rate from 29% to 65%,
[26-30]
according to geographical region
. Seroprevalence
rates among IDUs in therapeutic communities were
significantly higher compared to outpatients (60.66%
[28]
vs 41.86%) . Factors associated with an increased
risk of HCV infection included age, duration of IDU and
sharing injection equipment. A very high prevalence
of 100% was observed among older injectors (40-49
years) compared to 46.5% in younger injectors (20-29
[29]
years) . HCV-positive IDUs started using heroin at
a significantly younger age than HCV-negative IDUs

INTRODUCTION
Hepatitis C virus (HCV) represents a major public
health problem. The World Health Organization (WHO)
estimates that about 2.8% or 170 million of world’s
population has been infected with HCV, of whom 15
million people live in the WHO European region. In
addition, 86000 hepatitis C-related deaths are reported
[1]
per year in Europe . The HCV prevalence varies
markedly in different regions and populations. Injecting
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Table 1 Prevalence of anti-hepatitis C virus and hepatitis C virus-RNA in different population groups in Europe (2004-2014)
Study population/country
Intravenous drug users
Belgium
Bulgaria
Croatia

Greece
Hungary
Italy

Lithuania
Luxembourg
Romania
Russia
Spain
Sweden
The Netherlands
United Kingdom
Hemodialysis patients
Albania
Croatia

Study area

Sample size

Anti-HCV

HCV RNA

Reference

Limburg, Antwerp
Sofia
Brod-Posavina County
Zadar County
Multicenter
Zagreb, Rijeka, Split
Multicenter
Budapest
Multicenter
Multicenter
Vilnius
Nationwide
Bucharest
St. Petersburg
Barcelona
Stockholm
Amsterdam
Rotterdam
Multicenter

310
773
208
327
76
401
215
1085
1320
543
300
268
45
387
1132
310
497
452
1058

66.2%-84.4%
73.90%
44.60%
59%
51.30%
29%-65%
43.3%-61.3%
15%
83.20%
48.10%
63.90%
80%
81.30%
88.90%
94.60%
88%
86.50%
60%
38.80%
27%-74%

68.30%
57.80%
69%
-

Mathei et al[64], 2005
Vassilev et al[65], 2006
Kolovrat et al[28], 2010
Medić et al[27], 2008
Vilibic-Cavlek et al[29], 2011
Kolarić et al[26], 2010
Raptopoulou et al[60], 2011
Gyarmathy et al[66], 2011
Camoni et al[62], 2010
Curcio et al[61], 2011
Stroffolini et al[63], 2012
Gyarmathi et al[66], 2011
Removille et al[67], 2011
Sultana et al[68], 2011
Paintsil et al[3], 2009
Muga et al[2], 2006
Norden et al[58], 2013
Lindenburg et al[59], 2011
Norden et al[58], 2013
Hickman et al[69], 2007

Tirana
Zagreb
Istria County
Multicenter
Multicenter
Sicily
Multicenter
Nationwide

50
128
157
4718
1633
320
174
5208

16.70%
2.30%
3.40%
7.70%
5.80%
6.25%
39.26%
12.70%

821
360
227
345
397
1008
2309
1121

4.60%
3.00%
7.90%
0.90%
1.2%-3.7%
0.50%
0.65%
1.20%

Multicenter
Multicenter
Caen
Nationwide
Multicenter
Multicenter
Regional (Northern)
Multicenter
Prilep, Bitola
Multicenter
Nationwide
Scotland

3348
190
597
60975
5957
4894
1185
973
200
445
370
10723
5187

8.30%
11%
4.90%
4.80%
5.20%
4.90%
1.10%
38%
20%
11%
22.70%
24.20%
19%

79%
-

Zagreb
Ancona
Nationwide
Nationwide
Regional (Southern)
London

120
440
356
579
520
1017

15%
32.90%
10.70%
7.60%
69%
8.90%

72.20%
68.40%
75%
71%
-

Seme et al[38], 2007
Orsetti et al[118], 2013
Seme et al[114], 2009
Škamperle et al[117], 2014
Cifuentes et al[119], 2012
Mohsen et al[115], 2005

Istria County
Hamburg
Salamanca

167
463
396

2.40%
5.20%
3.53%

-

2
ICIPH[35], 2014
Schmidt et al[123], 2013
Novo-Veleiro et al[126], 2013

Plovdiv

2211

1.08%

-

Atanasova et al[136], 2014

France
Germany
Italy
Romania
Serbia
1
Persons with high-risk sexual behavior
Croatia (MSM, CSW, STD)
Multicenter
(MSM)
Zagreb
Estonia (CSW)
Tallin
Italy (CSW)
Verona
Moldova (MSM)
Balti, Chisinau
Sweden (MSM)
Stockholm
United Kingdom (MSM)
London
(MSM)
London
Prisoners
Croatia
France

Hungary
Ireland
Italy
Macedonia
Portugal
Spain
United Kingdom
HIV-infected patients
Croatia
Italy
Slovenia
Spain
United Kingdom
Alcohol abusers
Croatia
Germany
Spain
Adult general population
Bulgaria
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56%
73.10%
-

Vila Brunilda et al[79], 2014
Crnjaković-Palmović et al[34], 2005
ICIPH[35], 2014
Saune et al[81], 2011
Kliem et al[83], 2008
Li Cavoli et al[82], 2011
Voiculescu et al[78], 2010
Djukanovic et al[80], 2012
Vilibic-Cavlek et al[17], 2009
Bozicevic et al[92], 2009
Uuskula et al[99], 2008
Zermiani et al[100], 2012
Zohrabyan et al[95], 2013
Blaxhult et al[93], 2013
Scott et al[94], 2010
Price et al[91], 2013

Burek et al[37], 2010
Vilibic-Cavlek et al[18], 2011
Verneuil et al[103], 2009
Semaille et al[102], 2013
Roux et al[104], 2014
Treso et al[9], 2012
Danis et al[113], 2007
Babudieri et al[10], 2005
Jovanovska et al[109], 2014
Barros et al[107], 2008
Saiz de la Hoya et al[110], 2011
Kirwan et al[106], 2011
Taylor et al[108], 2013
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Croatia

France
Germany
Greece
Italy
Kosovo
Latvia
Macedonia
The Netherlands
Norway
Poland
Romania
Spain
Pregnant women
Croatia
Greece
Poland
Russia
Spain
Switzerland
Healthcare workers
Bosnia and Herzegovina
Italy
Poland

Blood donors
Albania
Bosnia and Herzegovina
Croatia
Italy

3.70%

-

Tićac et al[39], 2010

451
1950
14416
28809
876
2195
1287
1459
4000
1364
2200
1652
13460
-

2.20%
0.90%
0.84%
2.4%-3.5%
2.20%
2.60%
0.50%
2.40%
0.40%
0.60%
0.20%
0.55%
0.90%
3.23%
0.6%-1.6%

68%
71.40%
91%
-

Serdar et al[40], 2013
Vilibic-Cavlek et al[36], 2014
Meffre et al[133], 2010
Vermehren et al[144], 2012
Drositis et al[145], 2013
Cozzolongo et al[150], 2009
Quaglio et al[142], 2008
Tolmane et al[146], 2011
Kiprijanovska et al[140], 2013
Baaten et al[138], 2007
Slavenburg et al[137], 2008
Vik et al[143], 2008
Ganczak et al[135], 2009
Gheorghe et al[147], 2010
Munoz-Gamez et al[132], 2013

Zagreb County
Istria County
Piraeus
Warszaw
Cheboksary
Madrid
Multicenter

200
930
5497
544
150
157
9057

0.50%
1.30%
0.80%
2.02%
3%
1%
0.71%

-

Vilibic-Cavlek et al[17], 2009
Kucinar et al[41], 2014
Panagopoulos et al[159], 2004
Aniszewska et al[161], 2009
Asratian et al[163], 2009
Santiago et al[154], 2012
Prasad et al[153], 2007

Tuzla
Regional (Central)
Warsaw
Multicenter
Lodz

1699
733
961
414
520

0.40%
1.8%-4.7%
1.70%
1.40%
0.80%

73.40%
19%
-

Ahmetagić et al[50], 2006
Catalani et al[176], 2004
Slusarczyk et al[175], 2012
Ganczak et al[135], 2012
Rybacki et al[173], 2013

Nationwide
Tuzla
Multicenter
Multicenter
Regional (South)

52727
16082
155634
17912

0.60%
0.08%
0.04%
0%-0.009%
0.50%

91.10%
-

Durro et al[182], 2010
Ahmetagić et al[177], 2009
Grgičević et al[23], 2006
Transfusion medicine newsletter[44]
Sommese et al[181], 2014

Primorje-Gorski Kotar
County
Zagreb
Multicenter
Paris
Berlin, Frankfurt
Crete
Regional (Southern)
Multicenter
Skopje
Amsterdam
Arnhem, Nijmegen
Oslo
Multicenter
Nationwide
Multicenter

785

1

persons with high-risx sexual behavior: men who have sex with men-MSM, commercial sex workers-CSW, persons with sexually transmitted diseasesSTD; 2Istria County Institute of Public Health, Pula, Croatia. ICIPH: Istria County Institute of Public Health; HCV: hepatitis C virus; HIV: human
immunodeficiency virus; IDU: Injecting drug users; STDs: Sexually transmitted diseases; CSW: Commercial sex workers; MSM: Men who have sex with
men.

and reported a longer history of IDU. Young IDUs were
found to be at higher risk for HCV infection because of
their high-risk behavior patterns. They are usually less
critical toward drugs, less cautious, and more easily
[27]
influenced by others . The frequency of sharing
injection equipment was the most important risk factor
[27-29]
for HCV transmission in this risk group
. The HCV
seroprevalence rates ranged from 27.3% in IDUs
who reported sharing needles/syringes occasionally
to 100% in those who always shared injection
[29]
equipment .

More recent data from Istria County (2007-2013)
[35]
showed a similar prevalence of 3.2% .

Persons with high-risk sexual behavior

Persons with high-risk sexual behavior (persons with
multiple sexual partners, men who have sex with menMSM, commercial sex workers-CSW, persons with a
history of sexually transmitted diseases-STDs) show
[17]
a higher HCV prevalence (4.6%)
compared to the
[36]
Croatian general population (0.9%) . In a multicenter
study from 7 cities (Zagreb, Split, Rijeka, Zadar,
Osijek, Slavonski Brod and Dubrovnik) conducted
during 2003-2006, the highest seroprevalence rate
(8.5%) was found in patients with a history of STD
compared to 6.5% in persons with multiple sex
partners, 4.0% in CSW/clients of CSW and 2.9% in
MSM. Among STD markers, a prior HBV infection and
gonorrhea were shown to be risk factors associated
with higher HCV prevalence. No other factors reflecting
risky sexual behavior such as sexual orientation and
number of sexual partners as well as number of risk
behaviors correlated with HCV seropositivity. HCV-RNA

Hemodialysis patients

Hemodialysis patients also represent a risk group for
HCV infection. In a pilot study conducted in 1992,
44% of hemodialysis patients showed anti-HCV
[24]
antibodies . A similar seropositivity rate (38%)
[31]
was noted in 1994 . Two regional surveys from
north-west Croatia (1997) and north Adriatic Coast
(2003) reported prevalence rates of 26.1% and 23%,
[32,33]
respectively
. A low prevalence (2.3%) was noted
[34]
in 2005 in a Dialysis Center at one Zagreb hospital .
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Figure 1 hepatitis C virus seroprevalence among different population groups in Croatia. IDU: Injecting drug users; STDs: Sexually transmitted diseases; CSW:
Commercial sex workers; MSM: Men who have sex with men.

was detected in 73.1% anti-HCV positive persons, but
was also found in three seronegative cases (“window
[17]
period”) .

vs 6.6%) with the highest prevalence reported in
[38]
hemophiliacs (100%) and IDUs (58.3%) .

Alcohol abusers

Prison population

Prevalence of HCV in alcohol abusers in Croatia is
largely unknown. Regional data showed that HCV
prevalence in alcoholic patients is higher compared
to the Croatian general population. Among 167
consecutive samples from alcoholic patients tested at
the Istria County Institute of Public Health between
2007 and 2013, four were confirmed positive for HCV
[35]
antibodies (2.4%) .

Incarcerated persons accounted for 0.4% of a total
Croatian population, among which IDUs comprise
about 25%-30%. In a prison population, the overall
[18,26,37]
HCV prevalence is reported to be 8.3%-44%
.
HCV seropositivity in prisons also correlates
significantly to IDU. HCV infection is most prevalent
among IDUs (42%-52%) and relatively high among
[18,37]
highly promiscuous persons (4.9%)
. Significant
differences in seropositivity were found in prisoners
who reported unprotected sexual activity compared
to prisoners who used condoms (22% vs 4%). A
history of tattoos was another risk factor associated
with higher anti-HCV positivity in this population
group. HCV-infected prisoners were significantly more
likely to have a history of a tattoo exposure (27%)
than HCV-uninfected prisoners (8%). However, it is
not clear whether tattooing is a real risk factor for
HCV transmission since many of anti-HCV positive
prisoners reported other potential exposure to HCV
(sharing injection equipment or risk sexual behavior).
In addition, higher seroprevalence rates were found
in prisoners who were unemployed and in those who
[18]
resided in urban areas .

General population

Two studies on the HCV prevalence were conducted
in the Croatian general population. The 2011-2012
study included adult population undergoing routine
preoperative check-up from 4/21 counties located in
the Croatian mainland. Results of the study suggest
that HCV is uncommon in both urban and rural
general population. Eighteen of 1930 (0.9%) tested
participants were found positive to HCV. No difference
in seropositivity was found between genders and
[36]
age groups . An earlier study (2006-2007) from a
Primorje-Gorski Kotar County, located on the north
Adriatic coast, reported anti-HCV prevalence of 3.7%
using enzyme-linked immunosorbent assay (ELISA).
Age distribution of HCV-positive cases showed that
majority of patients belong to the 21-30 age group
[39]
(44%) and 31-40 age group (19%) . Differences in
the seroprevalence rates among the Croatian general
population most probably reflect the methodological
differences (line immunoassay-LIA and ELISA,
selection of study participants) in these surveys.
In the period from 2002-2011, occupational
exposures were monitored in one Zagreb hospital.
Of 451 source patients, 2.2% were infected with

Human immunodeficiency virus-infected patients

One study addressed HCV prevalence in human
immunodeficiency virus (HIV)-infected Croatian
patients. Among 120 patients tested from 1985 to
2002, 15% were found to be anti-HCV positive and
72.2% of them were found to be viremic. A significant
difference in the HCV prevalence was detected among
blood and sexual exposure risk groups (66.7%
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HCV. Majority of accidents were reported at surgical
departments (63%), followed by departments of
internal medicine (22.6%), and other departments
such as dialysis, different laboratories, neurology,
[40]
psychiatry and radiology .

Nearly all hemophiliacs exposed to untreated
commercial clotting factor concentrates before antiHCV screening are HCV positive, while among those
treated with cryoprecipitates, the anti-HCV positivity
[4]
was about 66% . Similar to seroprevalence in other
[45-49]
European studies (59%-97%)
, a Croatian study
from 1990s showed a high HCV seropositivity in
[23]
hemophilia patients (75.9%) . Seroprevalence rate
of 24.1% in Croatian polytransfused patients is within
[48-52]
the range of the majority other studies (3%-21%)
.
With the implementation of mandatory anti-HCV and
HCV RNA screening of blood/blood donations, the risk
of transfusion-associated hepatitis C has virtually been
[53]
eliminated . Rare cases of HCV transmission were
reported from recently infected donors with serum
[54,55]
HCV RNA level below the detection limit
. However,
many European countries are facing the consequences
of the past epidemic of transfusion-associated
hepatitis C. In several European studies, patients
with transfusion-associated HCV infection account
for 20%-30% of patients older than 50 years with
advanced chronic hepatitis, cirrhosis and hepatocellular
[25,56,57]
carcinoma
.

Pregnant women

A few Croatian studies addressed HCV prevalence
in pregnant women. Two regional studies (Zagreb
County, 2003-2006 and Istria County, 2011-2012)
showed HCV prevalence rates of 0.5% and 1.3%,
[17,41]
respectively
. The Istrian study analyzed risk
factors and revealed that 83.3% of seropositive
women reported a history of IDU and 8.3% reported
a former relationship with an IDU. HCV seropositivity
increased with age from 0.3% to 3.1%, starting with
[41]
26-30 age group . A prevalence of 49% was found in
[42]
pregnant IDUs from Split region .

Children and adolescents

There is no published HCV prevalence research
involving children in Croatia. In a group of 297 children
and adolescents (up to 18 years) from Istria County
tested in the period from 2007 to 2014, only one
(0.3%) showed anti-HCV antibodies on two repeated
testing. In one 6-mo-old child, anti-HCV antibodies
were detected at initial testing while at age of 18 mo
the result was negative (data from the Microbiology
Service, Istria County Institute of Public Health).
Mother’s history of IDU was reported in both cases.

Injecting drug users

IDU is one of the most efficient routes for HCV trans
[4]
mission . The prevalence of HCV infection among
IDUs varies, although rates are continuously very
high in most European countries. Recent studies have
demonstrated HCV seroprevalence of 38.8%-60%
[58,59]
[60]
in the Netherlands
, 43.3%-61.7% in Greece ,
[61-63]
[64]
48.1%-83.2% in Italy
, 62.6% in Belgium , 73% in
[65]
[66]
[67]
Bulgaria , 80% in Lithuania , 81.3% in Luxembourg ,
[58]
[2]
86.5% in Sweden , 88% in Spain , 88.9% in
[68]
[3,65]
Romania
and 94.6%-96% in Russia
. In Croatia,
there are considerable geographical variations in HCV
[26-30]
prevalence among IDUs (29%-65%)
similar to
[69]
those observed in the United Kingdom (24%-74%) .
The efficiency of IDU in HCV transmission might be due
to prolonged virus survival in contaminated syringes.
[70]
A study from Doerrbecker et al
addressed HCV
inactivation and stability profiles on inanimate surfaces
to mimic viral cross-transmissions among IDUs. Viral
infectivity on inanimate surfaces was detectable in
the presence of serum for up to five days. Paintsil
[71]
et al
analyzed the survival of HCV in syringes and
the duration of potential infectiousness. The results
of their study showed that HCV survived for up to
63 d in high void volume syringes. Besides syringes,
sharing of drug injection paraphernalia such as drug
preparation containers, cotton filters and rinse water
[72]
poses a risk of transmitting the HCV . HCV on a
spoon as cooker can survive temperatures up to 65  ℃,
confirming that virus survival on cookers could also be
[70]
a potential source of HCV aside from syringes . Other
notable risk factors associated with increased risk of
being HCV-infected in IDUs population include older
age, unemployment, longer history of IDU and higher

Organ/blood donors

Since 2006, the Croatian Institute of Transfusion
Medicine has been providing mandatory testing of
organ donors for bloodborne pathogens. Among
642 organ donor plasma samples tested between
2006 and 2012, 1.6% were found to be anti-HCV
[43]
positive . Blood donors represent a group with the
lowest seroprevalence of HCV infection in Croatia. The
frequency of confirmed positive donors continuously
[23,24]
declined from 1.38% in 1992 to 0.035% in 1999
,
and thereafter remained stable. In the last decade
(2004-2013), the anti-HCV seropositivity is reported to
[44]
be 0%-0.009%) .

EPIDEMIOLOGY OF HCV INFECTION IN
CROATIA IN THE CONTEXT OF HCV
EPIDEMIOLOGY IN EUROPE
Polytransfused patients and plasma product recipients

Hemophilia patients who received clotting factor
concentrates and recipients of blood transfusion
before 1990 both represent high-risk groups for HCV
infection. As expected, patients requiring multiple
transfusions have a high prevalence of HCV infection.
The prevalence of HCV among hemophiliacs correlates
with the amount and type of product transfused.
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[14,61]

number of rehabilitation treatment episodes

[90]

.

infection . Another study conducted among British
MSM showed an overal seroprevalence of 2.1%. The
prevalence in HIV-negative MSM (1.2%) was higher,
but not significantly higher, than that in the general
population (0.67%). However, the prevalence was
significantly higher in HIV-positive MSM (7.7%).
Moreover, HCV infection was more common in MSM
with a history of syphilis than in those without such
history (12.2% vs 1.7%) and those who reported
casual unprotected anal intercourse in the previous
year than in those who did not report such intercourse
[91]
(4.1% vs 1.2%) . Two Croatian studies found
a higher prevalence in HCV seropositivity in HIV[17,92]
negative MSM (2.9% and 3%)
compared to the
[36]
general population (0.9%)
but these diferences did
not reach statistical significance. Similar findings were
reported from other European studies among MSM
that have controlled for IDU (Sweden, the Netherlands,
[90,91,93-95]
United Kingdom, Moldova)
. Among Croatian
persons with high-risk sexual behavior, the highest
HCV seropositivity rates were detected in patients
with a history of STD (8.5%) and persons with
[17]
multiple sex partners (6.5%) . Association between
HCV seroprevalence and multiple sex partners was
observed in several studies. However, the number of
partners associated with infection risk varied among
studies, ranging from one partner in the previous
month to more than 50 partners in the previous year
[96,97]
or lifetime
. In persons with multiple sex partners,
there is an increased probability of having sex with an
[98]
infectious partner . In Croatian CSW and their clients,
a prevalence of 4.0% was found. A higher prevalence
[99]
of 7.9% was reported in Estonian CSW . In contrast,
prevalence of HCV in Italian CSW was as low as 0.9%,
lower than in the general Italian population. The low
HCV prevalence reflects the low prevalence of IDU in
[100]
the analyzed cohort .

Hemodialysis patients

The prevalence of HCV among hemodialysis patients
varies widely between geographic areas as well as
between centers within the same country. In the
1990s, high prevalence rates (20%-50%) in most
of European dialysis population were attributed to
[5-7,73,74]
frequent blood transfusions
. The introduction of
sensitive ELISA tests for screening of blood and organ
donations, use of erythropoietin in treatment of anemia
and improvement in infection control practices have
greatly decreased HCV infection among haemodialysis
[25,75]
patients
. A European multicenter study suggested
a decline in HCV seroprevalence among hemodialysis
patients in majority, but not in all European countries.
From 1991 to 2000, anti-HCV prevalence decreased
in France (42% to 30%), Sweden (16% to 9%), Italy
(28% to 16%), Hungary (26% to 15%) and Belgium
(13.5% to 6.8%) and tended to decrease in the
[76]
United Kingdom (7% to 3%) . A similar trend was
observed among hemodialysis patients in Croatia.
[24]
HCV seroprevalence declined from 44% in 1992
to
[33]
23% in 2003 . More recent regional data showed
low and stable seroprevalence rates in Croatian
[34,35]
hemodialysis patients (2.3%-3.2%)
. There was
no significant change in Germany (7%-6%) and Spain
[76]
(5%-12%) by 2000 . However, another Spanish
study from Cordoba showed a decrease in the HCV
prevalence from 24% in 1992 to 9.2% by the end of
[77]
2002 . In contrast, Poland showed not only stable,
[76]
but also very high HCV prevalence (42%-44%) .
In addition, a high prevalence rate was found in
[78]
Romania (39.26%) . Some more recently published
[79]
studies showed prevalences of 16.7% in Albania ,
[80]
[81]
12.7% in Serbia , 7.7% in France , 6.25% in
[82]
[83]
Italy and 5.8% in Germany . The number of blood
transfusions and the length of time on dialysis are
the most important risk factors for HCV acquisition
[83,84]
in hemodialysis patients
. Additional risks factors
[84]
include IDU and a history of kidney transplantation .

Prison population

Since IDUs constitute a substantial proportion of
prison population in many European countries, HCV
prevalence rates among prisoners are higher than
[101]
in the general population
. The HCV seropositivity
[9]
is reported to be 4.9% in Hungary , 4.8%-5.2% in
[102-104]
[105,106]
France
, 7%-24.2% in England and Wales
,
[107]
[108]
11% in Portugal
, 19% in Scotland
, 20% in
[109]
[110]
[10]
Macedonia , 22.7% in Spain
and 38% in Italy .
Different studies showed association between the
HCV seroprevalence and history of IDU. Among
prisoners who reported IDU, rates vary from 60.2%
[8]
[107]
in Ukrainian , 69% in Portugese
, 74.7% in
[10]
[11]
Italian
to a high 87% among Danish prisoners .
In three Croatian studies conducted among prison
population the seroprevalence ranged from 4.9% ih
[18,26,37]
highly promiscuous persons to 52% in IDUs
.
Some studies suggested that tattooing and piercing
are risk factors HCV infections, especially those done

Persons with high-risk sexual behavior

The role of sexual transmission in epidemiology of
HCV infection is still controversial. In the past, sexual
transmission has been considered a relatively inefficient
route for HCV transmission. A risk of HCV transmi
ssion is extremely low among stable monogamous
[85,86]
heterosexual partners
. However, the risk for sexual
partners is significantly higher when the risk factor
[87-89]
for the index case is IDU
. In the last decade HCV
infection has emerged as a STD in some European
countries, expecially among HIV-positive MSM. A
recently published Dutch study showed an increase in
HCV seroprevalence in HIV-positive MSM from 5.6%
in 1995 to 20.8% in 2008. Chlamydia trachomatis
infection, IDU, unprotected anal intercourse and older
age were variables independently associated with HCV
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[19,111]

in nonprofessional settings
. In contrast, a Dutch
study showed no evidence for an increased HCV
seroprevalence among persons with multiple tattoos
and/or piercings. The authors suggested that this
might be due to the introduction of hygiene guidelines
for tattoo and piercing shops in combination with
the low observed prevalence HCV in the general
[112]
population
. Compared to similar studies, the
prevalence of HCV among prisoners in Northern
Ireland is lower (1.1%) than in other European
countries (only 11% of Irish prisoners reported ever
[113]
injected drugs) .

infection. Variables independently associated with
HCV infection were female gender, current or past
[126]
IDU and the presence of alcoholic liver disease . In
a German study, anti-HCV antibodies were found in
5.3% alcohol-dependent patients. A history of IDU or
nonprofessional tattooing emerged as potential risk
[123]
factors . Data from Norway (Oslo County) showed a
[131]
prevalence of 4.4% in alcoholics . HCV prevalence in
[35]
Croatia was reported to be lower (2.4%)
compared
to European data. However, these data are limited to
a small number of tested subjects and probably do not
reflect the prevalence of all alcoholic population.

HIV-infected patients

General population

With the increased life expectancy of HIV-infected
patients due to highly active antiretroviral therapy, HCV
has recently emerged as an important pathogen in
[114]
these patients
. Prevalence of HIV/HCV coinfection
varies substantially according to route of transmission.
About 50%-90% of HIV positive IDUs are co-infected
[15,115,116]
with HCV
, whereas the co-infection rate in HIV
[89,115]
positive MSM is 3.5%-7%
. In Europe, prevalence
of HIV/HCV coinfection is reported to be 7.6%-10.7%
[38,117]
[115]
in Slovenia
, 8.9% in the United Kingdom
,
[118]
[119]
32.2% in Italy
and 58%-69% in Spain
. The
reported prevalence in Croatian HIV-infected patients
[38]
(15%)
is within the European range. HIV infection
appears to adversely affect the outcome of hepatitis C,
leading to increased viral persistence, higher levels of
viremia, and accelerated progression of HCV-related
[120,121]
liver disease
.

Data from the European countries indicate significant
variations in HCV seroprevalence, even within the
same country. It seems that HCV seroprevalence
[36]
in the Croatian adult general population (0.9%)
echoes the prevalence rates of many European
[132]
[133]
countries (Spain 0.6%-1.6%
, France 0.84%
,
[134]
[135]
Belgium 0.87%
, Poland 0.9%
and Bulgaria
[136]
1.08%
. Lower prevalence rates were reported
[137,138]
in the Netherlands (0.2%-0.6%)
, Sweden
[139]
[140]
[141]
(0.37%) , Macedonia (0.4%) , Greece (0.5%) ,
[142]
[131,143]
Kosovo (0.5%)
and Norway (0.55%-0.7%)
.
A German study conducted among adult population
in two metropolitan emergency departments (Berlin,
Frankfurt) during 2008-2010 found higher prevalence
rates (2.4% and 3.5%, respectively). Authors
suggested that a high HCV prevalence may be partly
explained by the urban study setting as well as the
fact that high-risk populations such as IDU and
homeless people were not excluded from the study.
Additionally, some other risk groups (e.g., patients with
coagulation disorders or liver transplant candidates)
may even have been overrepresented which may
[144]
have accounted for selection bias
. Similar HCV
[145]
prevalence rates was found in the Cretan (2.2%)
[146]
and the Latvian general population (2.4%) . A high
overall seroprevalence rate (3.23%) was reported
in a Romanian nationwide study (2006-2008), with
significant differences between the main geographical
regions (2.63%-4.25%) as well as between counties
[147]
(0.56%-7.19%)
. Italy has a particular south-tonorth prevalence gradient, with very high prevalence
in south and central Italy (7.3% and 6.1%) and lower
[4,148,149]
in the north (2.6%)
.
The majority of European studies showed no
[149,150]
difference in HCV seropositivity between genders
[77,146,151]
or a higher prevalence in males
. In contrast,
a Romanian study has found higher HCV prevalence
among females (3.51%) compared to males
[147]
(2.85%) . There was no significant difference in the
HCV seropositivity between males (1.2%) and females
[36]
(0.7%) in the Croatian population .
Although in some European regions age-specific
[76,150,152]
seroprevalence generally increases with age
,
no difference in HCV prevalence was found among

Alcohol abusers

It is traditionally assumed that the prevalence of
HCV infection in alcohol-dependent individuals is
higher than in the general population, but the modes
[122-124]
of transmission are not clearly understood
.
Higher risk for trauma and accidents requiring blood
transfusion could be a potential reason for a higher
[125]
HCV prevalence in alcoholics
. Additionally, risky
sexual behavior and IDU could be confounding factors
[126]
for HCV seropositivity in this population
. A wide
range of prevalence has been reported which could
be related to a different distribution of risk factors
among studies. Several earlier European studies
[127,128]
showed prevalence rates of 14% in Sweden
,
[129]
[130]
24.3% in Spain
and 31.7% in Italy
. History
of IDU was reported by 58%-88.7% Swedish HCVpositive alcoholic patients. The prevalence of blood
transfusions, number of hospital admissions, duration
of alcohol dependence or presence of tattooing were
not shown to be factors of importance for the HCV
[127,128]
transmission
.
Two recently published studies showed lower
prevalence rates. A Spanish study analyzed a total
of 396 patients with diagnosis of alcohol abuse/
alcohol dependence consecutively attended at the
alcoholism unit and found 3.53% to have chronic HCV
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[171-173]

different age groups in Croatia (0.7%-1.7%) .
Italian authors reported a bimodal distribution of
HCV with the highest prevalence in subjects over 75
[149]
years of age
. Seroprevalence of anti-HCV could
be considered bimodal in Croatian patients as well,
with the highest prevalence in the 30-39 age group
[36]
(1.7%) .

population
. However, some differences in the
prevalence among regions are observed. Very low
overall HCV prevalences were reported in Bosnian and
Herzegovinian and Belgian HCWs (0.4% and 0.41%,
[50,174]
respectively)
. However, a Belgian study showed
higher rates in three larger metropolitan hospitals
[174]
(1.3%-2.3%)
. Three studies conducted in Poland
[135,173,175]
showed prevalence rates 0.8%-1.7%
. Higher
HCV prevalence was found in Italy. A study conducted
in Pistoia (central Italy) analyzed samples from 511
HCWs engaged in direct clinical task and 222 clerical/
nurse school attendees, of whom 3.8% and 1.8%
[176]
were seropositive to HCV
. There are no published
data on the HCV prevalence in the Croatian HCWs.

Pregnant women

Prevalence of HCV in pregnant women is similar to
that in the general age-matched population. HCV
seroprevalence in the Croatian pregnant women
(0.5%-1.3%) is comparable to that reported in
[153]
[154,155]
Switzerland (0.71%)
and Spain (1%-1.44%)
.
Lower prevalence rates were reported in northern
[156]
Europe (United Kingdom; 0.19%-0.22% , Scotland:
[157]
0.3%-0.4% ), while Italy, Greece, Poland, Slovakia
and Russia reported higher HCV seropositivity (1.9%,
[158-163]
0.8-1.95%, 2.02%, 2.2% and 3%, respectively
.
In a Polish study, the most commonly identified risk
factors were history of blood products transfusion
before 1992 (24%), hospitalization with surgical
[161]
procedures (23%) and IDU (15%)
. In a Croatian
study, all but one HCV seropositive pregnant women
reported current or past IDU or a former relationship
[41]
with an IDU (83.3% and 8.3%, respectively) .
[42]
HCV prevalence in Croatian pregnant IDUs (49%)
is similar to the overall prevalence among IDUs
[27,29]
(51%)
.

Blood donors

Blood donors’ studies showed a decreasing trend in
HCV prevalence across time. Data from European
[143]
countries showed prevalence of 0.13% in Norway ,
[177,178]
0.08%-0.26% in Bosnia and Herzegovina
,
[179]
[180]
0.16%-0.32% in Germany
, 0.4% in Hungary
,
[181]
[182]
0.5% in Italy , 0.6% in Albania
and 0.3%-1.5%
[183]
in Romania
. After 2000, HCV seroprevalence in
Croatian blood donors was continuously very low
[44]
(0.009%-0.03%) . Since blood donors represent a
strictly controlled group, it is expected that the HCV
prevalence is lower than in the general population.

HCV GENOTYPES DISTRIBUTION IN
CROATIA

Children and adolescents

Before 1992, the mode of HCV acquisition in children
was blood transfusion. Higher prevalence rates of
10%-20% have been reported in children with other
potential exposures such as hemodialysis, malignancy
[164-166]
and surgery for congenital heart disease
.
The prevalence reported in Croatian children and
adolescents (0.3%) is within the European range
[167,168]
(0.05%-0.4%)
. Vertical (mother-to-child)
transmission and adolescent high-risk behaviors (IDU)
are now the major routes of HCV transmission in
[169]
developed countries
. The average risk for vertical
[4,14]
transmission is about 4% per birth
. Perinatal
transmission is confined almost always to women with
[167]
detectable HCV RNA
. Factors predisposing to HCV
transmission are higher maternal viral load at the time
of delivery, maternal history of IDU and untreated HIV
[14]
infection . Breastfeeding carries no further risk of
[4,170]
HCV transmission
.

HCV RNA was detected in 72.2%-82.7% Croatian HCV
[17,32,38]
infected patients
. Prevalence of HCV genotypes
varies by different population groups (Figure 2) as well
as by regions. In the general population, genotype
1 is the most widely distributed (60.4%-79.8%),
[184-186]
followed by genotype 3 (12.9%-47.9%)
. The
[184]
most commonly detected subtype is 1b (37.4%)
.
In a 10-year study (1995-2006) conducted in
four geographical regions (two regions in Croatian
mainland and two regions located on the Adriatic
Coast), genotype 1 was predominant in three regions
(north-west/north-east continental and north coastal
area) with prevalence rates 60.4%-76.1% while in a
south coastal area, the prevalence of both genotype
1 and genotype 3 was similar (46.9% and 47.9%,
respectively). In other regions, genotype 3 was found
[184]
in 18.3%-32.4% patients . Another study conducted
in north-east Croatia (2009-2011) detected genotype
[187]
1 in 79.8% and genotype 3 in 12.9% patients
.
The difference in genotype 3 prevalence between
regions could be attributed to different populations.
The first study included residents of Split, second
largest Croatian city with a large number of IDUs in
whom genotype 3 is the most prevalent. Percentage
of genotypes 2 and 4 was very low in both studies
(0.8%-2.2% and 3.4%-6.5%, respectively), while
[184,187]
genotypes 5 and 6 were not detected
.

Occupationally exposed groups

Occupational HCV transmission has been reported
among healthcare workers (HCWs) who have
[4]
sustained contaminated needle stick injuries .
Prevalence studies among HCWs indicate the low
risk for HCV infection associated with occupational
exposures. The HCV prevalence among HCWs was not
found to significantly differ from that of the general
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Figure 2 hepatitis C virus genotypes distribution in Croatia. IDU: injecting drug users; HIV: human immunodeficiency virus.

A history of blood transfusion before 1992 was
an independent predictor of HCV infection caused
[187]
by genotype 1
. Genotype 1, subtypes 1a and 1b
were detected in majority of Croatian polytransfused
patients with HCV infection (12%, 12% and 44%,
respectively) (data from the Department of Infectious
Diseases, General Hospital “Dr Josip Bencevic”,
Slavonski Brod). In hemodialysis patients, subtype 1b
was detected in 75% patients (33.3% received more
than two blood transfusions) and type 3 in 20.8%
[32]
patients . Genotype 3 is predominant in Croatian
[184,185]
IDUs (60.5%-83.9%)
. The most prevalent
subtypes in this population group are 3a (60.5%)
[184]
and 1a (23.7%)
. A study among Croatian male
prisoners showed an equal distribution of genotype
[185]
3 (52.4%) and genotype 1 (47.6%)
. In persons
with high-risk sexual behavior, genotype 1 is the most
commonly detected (55.6%) followed by genotype
3 (38.9%). The HCV subtypes distribution is the
[17]
following: 1a (38.9%), 3a (38.9%) and 1b (5.6%) .

29.7%-57.5% and 58.8%-87.7%, respectively). In
Finland, Luxembourg, Norway and Switzerland, both
subtypes 1b and 1a were equally prevalent, while in
Denmark, Sweden and United Kingdom, subtype 1a
is more commonly reported. The prevalence rates
of genotype 3 varied from 6.6%-44.6% in Central,
3.6%-46.0% in Western and 9.2%-38.5% in Eastern
[188]
Europe . In southern Italy, genotype 2c is commonly
[189,190]
found
. Genotype 4 prevalence is rising in Europe
(detected in significant proportions in France, Germany,
Greece, Italy, Poland, Portugal, Spain, Sweden and
Switzerland) reflecting immigration patterns in these
[4]
areas . Other HCV genotypes such as genotype 5
and 6 are more geographically restricted. Genotype
5 was found in restricted areas of Belgium, Spain,
France and Greece and is mainly transmitted by
[191]
blood transfusion
. Genotypes/subtypes 1a and
3/3a are the most commonly identified in IDUs in
[9,138,192-196]
Europe
. Genotypes 1b and 2 are linked to
[197]
blood transfusion and unsafe medical procedures
.
There are some regional differences in HCV genotypes
among hemodialysis patients. Subtype 1b seems
to be most frequent in the Netherlands and France
while in Italian hemodialysis patients subtypes 2a
[198]
and 3a predominated
. In the general population,
genotypes 1 and 3 are the most commonly detected
in majority of European countries with the prevalences
reported to be 45.1%-79.3% and 19.7%-35.1%,
[199,200]
respectively
. HCV genotype 1 is even more
prevalent in Hungarian (85.5%) and almost exclusively
present in Romanian (93.4%-99.1%) patients with
[200,201]
chronic HCV infection
. In Italy, genotype 1b
appears to be the most frequent (30.7%-60%), with
[200]
genotype 2 following (21.3%-34.8%) .

HCV GENOTYPES DISTRIBUTION IN
EUROPE
Understanding the HCV genotypes distribution
is important as a part of a molecular clue for
the spread of HCV. It is well-documented that
genotype distribution is associated with the mode
[4]
of transmission . Available data indicate that
genotypes 1 and 3 account for the majority of HCV
infections in Europe. The most frequent subtype is
1b, detected in many countries in Central (Albania,
Bosnia and Herzegovina, the Czech Republic, Hungary,
Montenegro, Romania), Western (Austria, France,
Greece, Italy, Portugal, Spain) and Eastern Europe
(Belarus, Estonia, Lithuania, Latvia and Russia)
with a wide range of prevalences (27.2%-92.6%,
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Over the past few decades, there have been remarkable
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changes in hepatitis C epidemiology. The prevalence
of genotypes has evolved with time due to changes
[4]
in the predominant route of transmission . However,
challenges in HCV prevention remain. Since IDUs
still represent a group with the highest risk of HCV
transmission, strategies to reduce risk among IDUs
should be considered.
From an epidemiological point of view, one of
the main challenges regarding HCV infection is to
identify infected individuals in order to offer timely
treatment. In the last five years, an average of 200
newly discovered HCV infected persons per year are
reported to the Reference Centre for Epidemiology,
Croatian National Institute of Public Health. Based
on a seroprevalence rate of 0.9% in the general
population, we must assume that only a small part of
the estimated 40000 Croatian HCV-positive citizens
are aware of their HCV infection. This discrepancy
emphasizes the need to provide testing for HCV
infection to a larger proportion of the population.
Another challenge is to identify routes of trans
mission in individual cases of HCV infection. In routine
reports on surveillance of communicable diseases, the
country is expected to report the most probable route
of infection to WHO and to the European Centre for
Disease Prevention and Control (ECDC). In order to
meet these requirements, HCV infection as a reportable
disease under enhanced surveillance, which anticipates
collecting additional information for each case of
HCV infection using a standardized questionnaire, in
this case, information on the most probable route of
infection. A large quantity of information exists on
patients with HCV, including clinical, epidemiological,
behavioral information, laboratory parameters, but
is scattered among different sections of the health
system and should be collected at one place and
linked to an individual patient. Ideally, a registry of HCV
infected persons should be set up, which would not only
allow to collect and record all the relevant information
on each individual, but would also allow monitoring
progression of infection as well as treatment outcomes
of patients under treatment.
The origin of HCV is a challenge which has been
target of virologists, epidemiologists and geneticists
for years but has remained obscure. The majority
of recent emerging infections in human populations
represent zoonoses transmitted from wild animals
and possibility of HCV cross-species transmission from
[202,203]
animal species must be taken into consideration
.
Although higher primates are susceptible to
experimental infection, HCV naturally infects only
[203]
humans
. Recently, a novel hepacivirus infecting a
wild non-human primate, the black-and-white colobus
(Colobus guereza), an Old world monkey from Uganda
[204]
was discovered . Animal origin of HCV is additionally
supported by recent studies that have described related
hepaci and pegiviruses in diverse animal species. In
contrast to ongoing focus on primate for HCV origins,
a virus related to HCV was described in domestic dogs
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in 2011 . In an effort to further investigate the host
range of canine hepacivirus, serology-based approach
was utilized to screen for the presence of the virus
[206]
in mammalian species
. Serological evidence of
hepacivirus infection was detected in horses with
high prevalence while viral RNA was found in 7.8%
seropositive horses. Equine hepacivirus (EHcV) is
the most closely related animal hepacivirus to HCV
described to date. Different studies confirmed EHcV
[207-209]
infection in horses
and repeated sampling of
viremic horses demonstrated viral persistence over at
least 6-mo period and viral loads comparable to those
[206]
observed in HCV infection . Similar to HCV infections
in humans, acute and chronic stages of EHcV infection
in horses with viral RNA detectable predominantly
[210]
within the liver was confirmed
. Several recently
published studies demonstrated hepaciviruses and
[211-213]
pegiviruses in rodents and bats
.
Detection of multiple novel hepaciviruses in diverse
mammalian species has highlighted the importance of
further research to define distribution of hepaciviruses
and their host range. Discovery of zoonotic source for
the HCV would be an important step in understanding
host relationship and adaptation and enhance the
ability to study pathogenesis and immune response
using susceptible animal models.
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Abstract

Kazumichi Kawakubo, Hiroshi Kawakami, Masaki Kuwatani,
Shin Haba, Shuhei Kawahata, Yoko Abe, Yoshimasa
Kubota, Kimitoshi Kubo, Naoya Sakamoto, Department of
Gastroenterology and Hepatology, Hokkaido University Graduate
School of Medicine, Sapporo 0608638, Japan

Interventional endoscopic ultrasonography (EUS)
based on EUS-guided fine-needle aspiration has
rapidly spread as a minimally invasive procedure.
Especially in patients with failed endoscopic retrograde
cholangiopancreatography, EUS-guided biliary inter
vention is reported to be useful as salvage therapy.
EUS-guided biliary interventions are carried out using
three techniques: EUS-guided bilioenteric anastomosis,
EUS-guided rendezvous procedure, and EUS-guided
antegrade treatment. Although interventional EUS is
not yet a standardized procedure, there have been
recent advances in this field that address various
biliary diseases. Here, we summarize the indications,
techniques, clinical results of previous studies, and
future perspectives.

Hiroyuki Isayama, Department of Gastroenterology, Graduate
School of Medicine, The University of Tokyo, Tokyo 113-8655, Japan
Author contributions: Kawakubo K wrote the manuscript,
reviewed the literature and revised the manuscript; Kawakami H
and Kuwatani M revised the manuscript; Haba S, Kawahata S,
Abe Y, Kubota Y and Kubo K collected the data; Isayama H and
Sakaoto N supervised the manuscript; all authors approved the
final manuscript for publication.
Conflict-of-interest statement: The authors declared that there
is no conflict of interest to declare.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Key words: Endosonography-guided biliary intervention;
Choledochoduodenostomy; Hepaticogastrostomy;
Rendezvous procedure; Antegrade treatment
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic-ultrasonography-guided biliary
drainage (EUS-BD) is widely accepted as salvage
therapy for transpapillary treatment. However, there
are few data comparing the clinical efficacy of EUS-BD
and endoscopic retrograde cholangiopancreatography
(ERCP) with regard to which is the treatment of choice.
As EUS-BD is performed under direct visualization,
it has the potential to replace ERCP. However, a
prospective randomized study is necessary to confirm
it.
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A

INTRODUCTION
The endoscopic transpapillary approach based on the
endoscopic retrograde cholangiopancreatography
(ERCP) technique has been a standard treatment for
various biliary diseases, such as choledocholithiasis
[1,2]
and biliary obstruction
. ERCP sometimes fails,
[3]
however, for various reasons . Recently, interventional
endoscopic ultrasonography (EUS) based on EUSguided fine-needle aspiration (EUS-FNA) has been
developed as a salvage therapy for transpapillary
treatment. In patients with failed ERCP, percutaneous
or surgical interventions are mandatory but are
[4-6]
associated with considerable morbidity and mortality .
Interventional EUS could manage these patients with
minimal invasion. Although interventional EUS is not
yet a standardized procedure, there have been recent
advances in this field that address various biliary
diseases.

B

C

EUS-GUIDED BILIARY INTERVENTION
TECHNIQUES
EUS-guided biliary interventions are carried out using
three techniques: EUS-guided bilioenteric anastomosis
(EUS-BEA), EUS-guided rendezvous procedure (EUS-RV),
and EUS-guided antegrade treatment (EUS-AT). EUSguided biliary drainage is performed with the arma
mentarium available for EUS-FNA and ERCP-related
procedures such as an EUS-FNA needle, a guidewire, and
a biliary stent.

D

EUS-BEA

EUS-BEA is performed to create an artificial fistula
between the intestine and the bile duct by placing a
stent. One indication for this procedure is the palliation
of obstructive jaundice in patients with malignant
diseases who have failed biliary drainage by ERCP.
The procedure is mainly divided into three methods
according to the anatomical site of the fistula: EUSguided choledochoduodenostomy (EUS-CDS), EUSguided hepaticogastrostomy (EUS-HGS), and EUSguided gallbladder drainage (EUS-GBD). In these
cases, the echoendoscope is advanced into the upper
gastrointestinal tract (stomach, duodenum and
jejunum), after which, the biliary system (bile duct or
gallbladder) is punctured by a needle. The guidewire
is then advanced into the biliary system followed by
dilation of the fistula. Finally, the stent is deployed
between the biliary system and the gastrointestinal
tract.

WJG|www.wjgnet.com

Figure 1 Endoscopic ultrasonography-guided choledochoduodenostomy.
A: Endoscopic ultrasonography showing that extrahepatic bile duct was
punctured by the needle; B: Guidewire was advanced through the needle into
the right liver lobe; C: A self-expandable metallic stent (SEMS) was placed
between the bile duct and the duodenum; D: Endoscopic view showing that the
distal end of a SEMS was located at the duodenum.

EUS-CDS is undertaken to create a fistula between
the extrahepatic bile duct and the duodenal bulb
(Figure 1). Since the first report in 2001 by Giovannini
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Table 1 Published data of endoscopic ultrasonography-guided choledochoduodenostomy (EUS-CDS or HGS) (n > 20)
Ref.

No. of
patients

Study
design

CDS or HGS

Stent

Technical
success

Complication
rate

Patency

Complication

Park et al[9]
Hara et al[11]
Khashab et al[25]
Kawakubo et al[8]
Hara et al[12]
Vila et al[10]

55
18
20
64
18
65

P
P
R
R
P
R

CDS, HGS
CDS
CDS, HGS
CDS, HGS
CDS
CDS, HGS

PS, MS
PS
PS, MS
PS, MS
MS
NA

92, 100
94
100
95, 95
94
86, 65

21, 19
17
10
14, 30
11
15, 29

152, 132
272
NR
-

Dhir et al[13]

30

R

CDS, HGS

MS

92.3

20

-

Peritonitis, pneumoperitoneum, Bleeding
Peritonitis, hemobilia
NA
Bile leak, stent misplacement, bleeding
peritonitis
Biloma, bleeding, perforation, pancreatitis,
cholangitis, hematoma, abscess,
pseudocyst
Cholangitis, perforation, bile leak,
pneumoperitoneum, death

P: Prospective; R: Retrospective; CDS: Choledochoduodenostomy; HGS: Hepaticogastrostomy; PS: Plastic stent; MS: Metallic stent; NA: Not available; NR:
Not reached.
[7]

et al , EUS-CDS has been widely accepted as an
effective alternative therapy for palliation of distal
malignant biliary obstruction after failed ERCP (Table
[8-13]
1)
, although it is impossible to perform EUS-CDS
in patients with altered upper gastrointestinal tract
anatomy. Because of the anatomical proximity of the
viscera, EUS-CDS is not technically challenging. The
technical success rate is reported to be 86%-100%.
[14]
Artifon et al
reported that the clinical success and
complication rates were similar for EUS-CDS and
percutaneous transhepatic biliary drainage (PTBD)
for patients in whom ERCP failed. Plastic stents were
mainly placed in the early cases of EUS-CDS, whereas
more recently self-expandable metallic stents (SEMSs)
have played a major role. EUS-CDS is mainly indicated
for patients with distal malignant biliary obstruction
in whom ERCP has failed. However, the feasibility
of EUS-CDS as the first-line treatment for distal
[12]
malignant biliary obstruction was recently reported .
The complication rate was reported at 9%-23%. Biliary
peritonitis and pneumoperitoneum were the most
frequent complications. Others were stent migration,
bleeding, and cholangitis. There are no standardized
techniques for managing these complications, so it
[15-19]
is important to be ready to handle any situation
.
Recently, the feasibility of performing EUS-CDS with
[20-22]
specialized stents has been reported
. Widespread
use of sophisticated SEMSs for EUS-CDS could reduce
the incidence of complications.
EUS-HGS is performed to create a fistula between
the left intrahepatic bile duct and the stomach (Figure
2). The indication for EUS-HGS is similar to that
for EUS-CDS, that is, palliation of distal malignant
biliary obstruction. However, EUS-HGS could be also
performed in patients with altered upper gastrointestinal
tract anatomy or gastric outlet obstruction. In
addition, palliation of a left intrahepatic bile duct
with a malignant hilar biliary obstruction is possible
[23,24]
with EUS-HGS
. The technical success rate with
[8,9,13,25]
EUS-HGS is 81%-100% (Table 1)
. EUS-HGS
itself has serious complications, however, because the
[26]
fistula traverses the peritoneum . The complication
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rate ranges from 19% to 30%. Common complications
are pneumoperitoneum, bleeding, bile leak, cholangitis,
and stent migration. In particular, inward stent migra
tion can be fatal. It is important to manage these
[27,28]
complications
. To prevent inward stent migration, a
longer stent might be better and it should be deployed
not under fluoroscopic guidance but rather direct
endoscopic visualization. Although some specialized
[22]
SEMSs for EUS-HGS have been developed , highly
dedicated SEMSs for EUS-HGS are necessary to
reduce the complication rate. Recently, the feasibility of
EUS-HGS for treating isolated right intrahepatic bile duct
[29,30]
was reported
. Also, bilateral EUS-HGS for palliation
of hilar malignant biliary obstruction could be feasible in
the near future.
EUS-GBD is performed to create a fistula between
the gallbladder and gastrointestinal tract (stomach
or duodenum) (Figure 3). This procedure is indicated
for drainage in patients with acute cholecystitis as an
alternative to percutaneous transhepatic gallbladder
drainage (PTGBD), and who are not suitable candidates
for emergency cholecystectomy. The technical success
[31-33]
rate is reported to be around 100% (Table 2)
.
A plastic stent or nasobiliary tube is used in patients
with temporary stent placement, whereas SEMSs
are used for patients who are not suitable for future
[33]
cholecystectomy. Jang et al
reported that the
technical and clinical success rates for EUS-GBD were
similar to those for PTGBD. Also, the pain scores were
lower following EUS-GBD than after PTGBD in patients
prior to cholecystectomy. A recent report indicated
that, if a specialized SEMS is used, EUS-GBD is feasible
for patients who are not suitable candidates for elective
[34]
cholecystectomy . In the future, EUS-GBD might be
the treatment of choice for acute cholecystitis in highrisk patients.

EUS-RV

An indication for the EUS-RV is biliary cannulation
in patients who have failed biliary cannulation in
conventional ERCP. For EUS-RV, the bile duct is
punctured and a guidewire is advanced through the
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A

A

B

B

C

C

D

D

Figure 2 Endoscopic ultrasonography-guided hepaticogastrostomy. A:
Left intrahepatic bile duct was punctured; B: Cholangiography showing distal
malignant stricture (arrow); C: Following antegrade self-expandable metallic
stent placement, a plastic stent was deployed between the intrahepatic bile
duct and stomach; D: Endoscopic view showing that the distal end of the plastic
stent was located at the stomach.
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Figure 3 Endoscopic ultrasonography-guided gallbladder drainage. A:
Endoscopic ultrasonography showing that the gallbladder was punctured by the
needle; B: Guidewire was advanced through the needle into the gallbladder; C:
A self-expandable metallic stent (SEMS) was placed between the gallbladder
and the duodenum; D: Endoscopic view showing that distal end of a SEMS was
located at the stomach.
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Table 2 Published data of endoscopic ultrasonography-guided gallbladder drainage (n > 10)
Ref.
Jang et al[33]
Choi et al[32]

No. of patients

Study design

Stent

Technical success

Complication rate

Complication

30
63

P
R

ENBD
MS

97%
98%

7%
5%

Pneumoperitoneum
Perforation, pneumoperitoneum

P: Prospective; R: Retrospective; ENBD: Endoscopic nasobiliary drainage; MS: Metallic stent.

A

B

C

D

E

Figure 4 Endoscopic ultrasonography-guided rendezvous procedure. A: Endoscopic ultrasonography showing that extrahepatic bile duct was punctured by
the needle; B: Radiography showing the guidewire was passed through the needle into the duodenum across the papilla antegradely. The endoscope was in the
short position; C: Following echoendoscope withdrawal, the duodenoscopic view showed that a guidewire passing through the papilla was grasped by the snare;
D: After the guidewire was pulled out through the accessary channel of the duodenoscope, a catheter was inserted into the bile duct over the existing guidewire; E:
Transhepatic approach. Abdominal radiography shows that a guidewire was placed through the papilla into the duodenum.

needle to the duodenum. An ERCP-related procedure
is then performed using the guidewire. EUS-RV is
indicated when biliary access fails during ERCP. There
are two biliary access routes depending on the site
to be addressed: transhepatic and transduodenal
(Figure 4). The transduodenal route is further divided
according to the endoscope position: long (push) and
[35]
short (pull) . The short endoscopic position is referred
to as the tip of the endoscope oriented in the caudal
direction, while the endoscope is directed cranially
in the long endoscopic position. The echoendoscope
is advanced into the upper gastrointestinal tract
(esophagus, stomach, duodenum and jejunum), and
the bile duct is punctured by an FNA biopsy needle.
The guidewire is then advanced through the needle
antegradely across the papilla to the duodenum. In
patients undergoing choledochojejunostomy, the
guidewire is passed through the anastomosis to the
jejunum. The echoendoscope is then pulled out,

WJG|www.wjgnet.com

keeping the guidewire in place. The ERCP endoscope
(duodenoscope or enteroscope) is then advanced to
the papilla or the anastomosis where the guidewire has
been placed. Biliary access is then achieved alongside
or over the guidewire after grasping and withdrawing
the instrument through the accessory channel of the
endoscope. The biliary intervention is then begun.
EUS-RV is indicated when biliary cannulation fails or
a biliary stricture cannot be passed. The technical
[10,36-39]
success rate varies from 63% to 98% (Table 3)
.
The technical success rate for the transduodenal route
is reported to be higher than that for the transhepatic
[39]
route. Dhir et al
noted that the biliary cannulation
success rate was higher with EUS-RV than that for
the precut technique in patients with difficult ERCP
cannulation. The complication rate was around
10%. The most common complications were biliary
[38]
peritonitis and pancreatitis. Shah et al reported that
the transhepatic route could have a tamponade effect

9498

August 28, 2015|Volume 21|Issue 32|

Kawakubo K et al . Endoscopic-ultrasonography-guided biliary interventions
Table 3 Published data of endoscopic ultrasonography-guided rendezvous procedure (n > 40)
Ref.

No. of patients

Access route

Technical success

Complication rate

Complication

Maranki et al[36]

49

TD, TH

63%

16%

Iwashita et al[37]
Shah et al[38]
Dhir et al[39]
Vila et al[10]

40
74
58
60

TD, TH
NA
TD
NA

73%
74%
98%
68%

13%
8%
3%
22%

Pneumoperitoneum, bleeding, peritonitis,
aspiration pneumonia
Pancreatitis, pneumoperitoneum, sepsis
Pancreatitis, bile leak, perforation
Bile leak
Biloma, bleeding, Perforation, pancreatitis,
cholangitis, hematoma, abscess, pseudocyst

NA: Not available; TD: Transduodenal route; TH: Transhepatic route.

Table 4 Published data of endoscopic ultrasonography-guided antegrade treatment (n > 10)
Ref.

No. of patients

Study design

Stent

Technical success rate

Complication rate

Complication

Shah et al[38]
Park et al[41]
Dhir et al[42]

16
14
35

R
P
R

MS
MS
MS

81%
57%
97%

6%
0%
23%

Ogura et al[43]

12

R

MS

100%

8%

Hematoma
Bleeding, cholangitis, bile leak,
pneumoperitoneum
Pancreatitis

MS: Metallic stent; P: Prospective; R: Retrospective.

A

B

C

Figure 5 Endoscopic ultrasonography-guided antegrade treatment. A: Left intrahepatic bile duct was punctured; B: Guidewire was advanced through the needle
across the stricture (arrow); C: A self-expandable metallic stent was placed antegradely across the stricture.

and protect against bile leakage, but a prospective
study is needed to confirm their results.

upper gastrointestinal tract (esophagus, stomach and
jejunum), and the left intrahepatic bile duct is punctured
using an FNA biopsy needle. A cholangiogram is then
obtained followed by antegrade guidewire insertion
through the needle to the duodenum or jejunum
across the papilla or the anastomosis. Finally, the
biliary intervention is performed antegradely. It is thus
possible to perform EUS-AT in patients with altered
[40]
upper gastrointestinal anatomy . There have been
some small case series regarding the feasibility of
EUS-AT to treat bile duct stones, malignant biliary
obstruction, and anastomotic stricture. The technical
success and complication rates for EUS-AT are
[38,41-43]
57%-100% and 0%-23%, respectively (Table 4)
.
Although there are no large case series, the reported
complications have been identified as bile leakage,
pneumoperitoneum, and bleeding.

EUS-AT

An indication for EUS-AT is biliary intervention in
patients in whom conventional ERCP is impossible.
EUS-AT is performed when it is necessary to
approach the biliary intervention antegradely through
a bilioenteric fistula. Antegrade is the opposite of
retrograde in ERCP and is used to maintain bile flow.
EUS-AT is indicated, for example, when biliary drainage
is needed in patients whose upper gastrointestinal
anatomy is altered, or who have malignant gastric
outlet obstruction because it is impossible to perform
conventional ERCP-related procedures in those patients.
EUS-AT is usually performed via the transhepatic route
(Figure 5). The echoendoscope is advanced into the

WJG|www.wjgnet.com
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Table 5 Important features of each procedure
EUS-BEA
Indication

Advantage

Weak point

EUS-RV

2
EUS-AT

Patients with
Patients with failed
Patients with
malignant biliary biliary cannulation malignant biliary
obstruction after
in ERCP
obstruction after
failed ERCP
failed ERCP
Not traversing
Leading to ERCP
Possible in
the malignant
related procedure
patients with
stricture
altered upper GI
anatomy
Necessity of
Difficult guidewire
Difficult
fistula dilation
manipulation
guidewire
Lack of
Difficulty in patient manipulation
dedicated stent
who was not
accessible to the
papilla

3
4

5

ERCP: Endoscopic retrograde cholangiopancreatography; EUS-RV:
Endoscopic ultrasonography-guided rendezvous procedure; EUSBEA: Endoscopic ultrasonography-guided bilioenteric anastomosis; GI:
Gastrointestinal; US-AT: Endoscopic ultrasonography-guided antegrade
treatment.

6

7

WHICH TECHNIQUE SHOULD WE
SELECT?

8

In patients with an accessible papilla, any EUS-BD
[14]
procedure could be possible. Artifon et al
reported
that the technical and clinical success rates for
EUS-CDS and EUS-HGS for treating distal malignant
[25]
obstruction were similar. Also, Khashab et al
reported that the clinical efficacy and safety were
similar for EUS-CDS and EUS-RV. Although the
complication rate for EUS-RV was relatively lower
than that for EUS-BEA, more prospective studies are
necessary. For patients with an inaccessible papilla,
EUS-HGS and EUS-AT are possible.
There are no data concerning which procedure
should be chosen. Hence, it is important to understand
the characteristics of each procedure (Table 5).

9

10

FUTURE PERSPECTIVES

11

There are few data available that compare the clinical
efficacy of EUS-BD and ERCP with regard to which
[42]
is the treatment of choice. Dhir et al
reported
that the short-term outcomes of EUS-BD (EUS-CDS
and EUS-AT) were comparable with those achieved
with ERCP. As EUS-BD is performed under direct
visualization, it has the potential to substitute for
ERCP. A prospective, randomized study is necessary,
however, to confirm it. The future development of
highly dedicated devices is mandatory.
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Endoscopic treatments for small gastric subepithelial
tumors originating from muscularis propria layer
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Abstract

Yu Zhang, Li-Ping Ye, Xin-Li Mao, Department of Gastro
enterology, Taizhou Hospital of Zhejiang Province, Wenzhou
Medical College, Linhai 317000, Zhejiang Province, China

Minimally invasive endoscopic resection has become
an increasingly popular method for patients with small
(less than 3.5 cm in diameter) gastric subepithelial
tumors (SETs) originating from the muscularis propria
(MP) layer. Currently, the main endoscopic therapies for
patients with such tumors are endoscopic muscularis
excavation, endoscopic full-thickness resection, and
submucosal tunneling endoscopic resection. Although
these endoscopic techniques can be used for complete
resection of the tumor and provide an accurate
pathological diagnosis, these techniques have been
associated with several negative events, such as
incomplete resection, perforation, and bleeding. This
review provides detailed information on the technical
details, likely treatment outcomes, and complications
associated with each endoscopic method for treating/
removing small gastric SETs that originate from the MP
layer.
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Core tip: Minimally invasive endoscopic resection has
become an increasingly popular method for small
gastric subepithelial tumors (SETs) that originate from
the muscularis propria (MP) layer. Currently, the main
endoscopic therapies for patients with such tumors
are endoscopic muscularis excavation, endoscopic
full-thickness resection, and submucosal tunneling
endoscopic resection. This review provides detailed
information on the technical details, likely treatment
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outcomes, and complications associated with each
endoscopic method for treating small gastric SETs that
originate from the MP layer.

superficial gastric cancers. With the development of
ESD techniques and the application of new endoscopic
accessories, several studies have recently evaluated
the safety and effectiveness of ESD techniques in
the treatment of small gastric SETs that originate
[9]
from the MP layer. Lee et al reported that ESD was
successfully performed in 11 patients with a total
of 12 gastric SETs that originate from the MP layer,
with a complete resection rate of 75%, and without
massive bleeding, perforation, or any other severe
complications during hospitalization. In another study
[12]
of 18 gastric SETs, Zhang et al
reported that the
complete resection rate was 94.4%. During the same
procedure, 2 patients developed perforations, which
were successfully treated by endoscopic methods.
These results demonstrate that ESD can be used for
successful removal of small gastric SETs that originate
from the MP layer, which may ultimately replace
treatment by surgical resection (at least in some
cases).
Although standard ESD procedures can be used
safely for the resection of gastric SETs while providing
an accurate pathologic diagnosis, this procedure
is associated with some complications, including
[10,11,13]
perforation, bleeding, and abdominal infection
.
Among them, perforation is the main complication
of such ESD procedures. Previous studies using ESD
to treat gastric SETs have reported an incidence
[10,11,14-16]
of perforation ranging from 0%-20%
. In
addition, if tumors presenting with a tight connection
to the underlying MP have extended over a large
[10,16]
area, complete resection by ESD often fails
.
In a recent study focusing on the use of ESD to
[10]
treatment gastric SETs, Białek et al
reported that
the complete resection rate was 100% when tumors
had no connection to the underlying MP; yet when
tumors presented with a narrow connection to the
underlying MP, the complete resection rate was only
68.2%. Therefore, ESD has some limitations for the
treatment of gastric SETs with a tight connection to the
underlying MP tightly.
Recently, with improved ESD technology, there
have been an increasing number of reports on the use
of endoscopic resection methods for gastric SETs that
originate from the MP layer. During this procedure, a
circumferential muscularis excavation is usually made
that is as deep as the MP layer around the tumor,
which is used to peel the tumor from the MP layer. Due
to this critical difference in procedure, this technology
has been named endoscopic muscularis excavation
[17]
(EME) . Note that EME is similar to the technique of
standard ESD, with the only difference in the depth of
excavation.
In our center, EME is performed as follows (see
[17]
Figure 1) : After marking the lesion margins with a
needle-knife, several milliliters of submucosal injection
solution is injected into the submucosa around the
lesion. Subsequently, a cross-incision is made inside
the marker dots using the electric knife, and several
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INTRODUCTION
Gastric subepithelial tumors (SETs) that originate
from the muscularis propria (MP) layer are often
asymptomatic and as a result are most frequently
found incidentally during endoscopic procedures.
A proportion of such gastric SETs are diagnosed as
gastrointestinal stromal tumors (GISTs), which have the
[1]
potential for malignancy . Resection of gastric SETs
can both aid in diagnosis and may at the same time
be curative if the entire lesion is removed. Previously,
surgical resection was the principal therapeutic option
for removing small gastric SETs that originate from
[1-4]
the MP layer
. However, surgical procedures are
invasive and associated with certain complications,
such as postoperative hemorrhage, gastroesophageal
[3]
reflux, or late anastomotic stenosis , especially in
asymptomatic patients with tumors less than 2.0 cm
in diameter. According to the National Comprehensive
Cancer Network guideline, endoscopic surveillance
is another approach for GIST < 2 cm without high[5]
risk EUS features . However, repeated endoscopic
examinations involve known issues associated with
cost-effectiveness, patient compliance and risk related
to delayed diagnosis of a malignancy.
Previously, endoscopic methods, such as snare
polypectomy, band ligation, and endoscopic mucosal
resection (EMR), were used to remove gastrointestinal
SETs, but their use has generally been restricted
to tumors located in the muscularis mucosae or
[6-8]
submucosal layer . Recently, with improvements in
endoscopic submucosal dissection (ESD) technology,
ESD is not only used to successfully treat superficial
gastrointestinal (GI) lesions but also GI SETs that
[9-12]
originate from the MP laye
. Currently, several
studies have described various modalities of endoscopic
resection that have been used to successfully treat
gastric SETs that originate from the MP layer. Thus,
this article is to review the current status of minimally
invasive endoscopic treatments for such gastric SETs.

Endoscopic Muscularis
Excavation
ESD is an effective endoscopic technique, which has
made it possible to perform en bloc resections of
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Figure 1 Endoscopic muscularis excavation. A: A subepithelial tumor was found at the posterior wall of the gastric body; B: Making several dots around the tumor;
C: A cross-incision was made at the overlying mucosa of the tumor; D: Excavating the tumor from the muscularis propria layer; E: An artificial ulcer was observed after
excavation; F: The artificial ulcer was closed with several clips.
[16]

milliliters of submucosal injection solution (above
mentioned) is injected around the lesion to help
distinguish the tumor mass from the gastric muscular
layers and avoid tumor rupture during the excavation.
A circumferential excavation is made along the edge
of the tumor until the tumor is completely separated
from the MP layer using the electric knife. After tumor
removal and adequate hemostasis, the wound is
closed with metallic clips.
Compared with standard ESD procedure, the
primary advantage of EME is the improved complete
resection rate. In our previous study using EME to
remove gastric SETs that originate from the MP layer,
[18]
the complete resection rate was 96.2% (204/212) .
In almost all similar studies reported to date, the
complete resection rate has been higher than 90%,
[19-21]
which reaches an acceptable level
(Table 1).
In contrast, standard ESD for SETs originating from
the MP layer has classically yielded a lower en bloc
[22]
resection rate of 64%-75% , suggesting that EME
may be a better technique for the resection of SETs
that infiltrate the MP layer.
However, as a result of deeper dissection (as
compared to ESD), the risk of complications associated
[22]
with EME is significantly increased . Massive bleeding
is often caused by the accidental injury of the arteries
that feed the tumor, which is one of the key factors
that can affect procedure success or failure. Once
massive bleeding is encountered, the endoscopic view
may be affected, and the EME procedure might need to

WJG|www.wjgnet.com

be discontinued . Endoscopic hemoclips could be one
effective method to control rapid bleeding. However,
their use may possibly hamper subsequent endoscopic
operations. It should be noted that although massive
bleeding rarely happens, EME procedures should be
halted and changed to open surgery or laparoscopic
surgery when it cannot be managed using endoscopic
methods. However, minor bleeding is not uncommon
and can be treated successfully with argon plasma
coagulation or coagulation forceps during the proce
dure.
Perforation is the considered major complication
of EME treatment of gastric SETs originating from
the MP layer. Some perforations can be avoided by
repeated doses of submucosal injection solution and
meticulous excavation. However, when the tumor is
tightly attached to the MP layer or serosa, perforation
is often inevitable. Several studies have reported that
perforation may be associated with several factors,
including histologic diagnosis, location, and origin of
[18,19]
the tumor
. Our recent study demonstrated that
perforation was more likely to occur with tumors
located in the fundus compared to any other part
of the stomach, which is also common for tumors
originating in the deeper MP layers as opposed to
those in the superficial MP layer. In addition, the rate
of perforation was significantly higher for GISTs than
for leiomyomas. Therefore, an EUS examination is
necessary to evaluate the tumor features and the
origin of the tumor to predict the risk of perforation
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Table 1 Clinical outcomes of endoscopic muscularis excavation for gastric subepithelial tumors originating from the muscularis
propria layer
Ref.

Complications
(details)

Mean follow-up time
(mo) and recurrence

34.7

8 perforations

10.0
No recurrence

15 (93.8)

52.0

0

14.8
No recurrence

16 GISTs
15 leiomyomas

30 (96.8)

76.8

4 perforations

17.7
No recurrence

97 GISTs
115 leiomyomas

204 (96.2)

46.1

32 perforations
9 massive
bleeding

26.0
No recurrence

Mean operating
Complete
resection rate, time (min) and
range(min)
n (%)

No. cases
(tumors)

Location
(details)

Mean tumor
size (mm)

Pathology

Jeong et al[19]

64 (65)

13.8

16 (16)

26 GISTs
32 leiomyomas
2 schwannomas
3 others
14 GIST
2 leiomyoma

60 (92.3)

Chu et al[21]

Liu et al[20]

31 (31)

23 cardia
8 fundus
30 body
4 antrum
1 cardia
3 fundus
9 body
3 antrum
14 esophagus
7 cardia
5 fundus
5 body
93 fundus
104 body
15 antrum

22.1

16.5

Zhang et al[18]

212 (212)

26.1

GISTs: Gastrointestinal stromal tumors.
[18]

before the procedure . Usually, perforations were
relatively small and could not be directly visualized
during the procedure. Therefore, the occurrence of
subcutaneous emphysema during the procedure
should be monitored as it may be used to denote such
perforations. Fortunately, patients with perforations
usually can be successfully managed by endoscopic
methods and conservative treatment; few require
[17-21]
surgical intervention
.

while grasping the tumor in the gastric cavity to avoid
it falling into the peritoneum. Clips or clips combined
with an endoloop are used for closure of the gastric
wall defect.
With the development of EFTR, the indications
of endoscopic resection may be further expanded.
However, several problems need to be noted. One
key problem with the EFTR procedure involves issues
with completely closing the gastric wall defect after
full-thickness resection to avoid secondary surgical
intervention. Incomplete closure of the gastric wall
defect is a dangerous adverse event, and may lead
to serious morbidity. This is a probable major safety
consideration for the clinical application of EFTR. A
wide range of methods and devices for closure of
gastric wall defects have been studied, but most
techniques require complex or specialized equipment,
[25-27]
which represents a significant technical challenge
.
How to easily and safely close the defect is a problem
that is worth further exploration. Previously, metal
clips were widely used for closure of the iatrogenic
perforation during the endoscopic procedure. Based
on these experiences, some endoscopists elected to
apply these clips as a closure technique for gastric wall
defects after EFTR. In a recent study of 26 patients
[23]
treated by EFTR, Zhou et al
reported that clips are
an effective and safe method for closure of the gastric
wall defect. However, some endoscopists contend
that the edge of the gastric wall defect might exhibit
edema for a long time after the procedure, and the
clip can therefore only close the gastric mucosa. Thus,
there is a risk of gastric leakage when only using clip
closure after EFTR, especially for some large defects
[28]
(≥ 3 cm) . In a recent study, our center reported
an easier to operate “clips plus endoloop” method
in which the defect was closed with clips in a “sideto-center” manner using an endoloop to trap and

ENDOSCOPIC FULL-THICKNESS
RESECTION
During the application of EME for gastric SETs
originating from the MP layer, our center found that
when the tumor had extraluminal growth or was
tightly connected to the underlying MP or serosa,
it was necessary to resect the underlying MP or
serosa that adhered to the tumor. This technique
of creating an iatrogenic perforation of the gastric
wall for the subsequent removal of the tumor was
[23-26]
named endoscopic full-thickness resection (EFTR)
(Table 2). EFTR is performed as shown in Figure 2.
Several milliliters of mixture solution are injected into
the submucosa after dots are marked around the
tumor with a needle-knife. Then, mucosal incision is
made in the overlying mucosa to reveal the tumor. A
circumferential excavation is then made as deep as the
MP around the tumor with the electric knife. After the
intraluminal side of the tumor is fully revealed, a small
puncture is first made in the proximal seromuscular
layer of the tumor with the electric knife, and then the
resection is made along the puncture. Subsequently,
snare resection is performed to completely remove the
lesion after the electric knife resects three-quarters
of the circumference of the tumor. Before performing
snare resection, a dual-channel endoscope is used
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A

B

C

D

E

F

Figure 2 Endoscopic full-thickness resection. A: A subepithelial tumor was found at the greater curvature of the gastric antrum; B: Making several dots around
the tumor; C: The mucosa incision was incised outside the marker dots; D: The omentum could be seen through the gastric wall defect after endoscopic full-thickness
resection; E, F: Closure of the gastric wall defect using clips and an endoloop.

Table 2 Clinical outcomes of endoscopic full-thickness resection for gastric subepithelial tumors originating from the muscularis
propria layer
Ref.

No. cases

Location
(details)

Mean tumor
size (mm)

Pathology

Complete
Mean operating Complications Mean follow-up time
resection rate,
time (min)
(details)
(mo) and recurrence
n (%)

Guo et al[26]

23

12.1

19 GISTs
4 leiomyomas

23 (100)

40.5

2 localized
peritonitis

3
No recurrence

Zhou et al[23]

26

11 fundus
9 body
3 antrum
12 fundus
14 body

28

28 (100)

105

0

8
No recurrence

Schmidt et al[25]

31

3 cardia
4 fundus
13 body
11 antrum

20.5

28 (90.3)

60

12 bleeding

7
No recurrence

Ye et al[24]

51

22 fundus
28 body
1 antrum

24

16 GISTs
6 leiomyomas
3 glomus tumors
1 schwannoma
18 GIST
2 leiomyomas
2 adenomyomas
3 ectopic pancreas
1 lipoma
1 schwannoma
4 others
30 GIST
21 leiomyoma

50 (98.0)

52

0

22.4
No recurrence

GISTs: Gastrointestinal stromal tumors.

tighten all clips. Compared with single clip closures,
this closure method would reinforce the closure of the
gastric defect and prevent postoperative gastric leaks
[24]
and peritonitis . In addition, it has the advantage
of being a simple manipulation that does not require
complex or specialized equipment. One thing to note
is that closure by clips or clips plus endoloop only
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approximates the mucosal and submucosal layers,
although this method appears to be safe and effective
based on the present literature. However, these
methods contradict accepted surgical safety principles,
such that additional and more comprehensive
randomized, controlled, and multicenter studies are
required to confirm its safety and reliability.
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Table 3 Clinical outcomes of submucosal tunneling endoscopic resection for gastric subepithelial tumors originating from the
muscularis propria layer
Ref.

Complications
(details)

Mean follow-up time
(mo) and recurrence

78.7

1 pneumoperitoneum
1 pneumothorax
1 SE

3.9
No recurrence

12 (1001)

78.3

7.1
No recurrence

57 (100)

47.0

2 pleural effusion
4 pneumothorax
8 SE
8 pneumothorax
3 pneumoperitoneum
12 pneumothorax and
SE

85 (100)

57.2

Mean
Complete
resection rate, operating time
(min)
n (%)

No. cases
(tumors)

Location
(details)

Mean tumor
size (mm)

Pathology

Xu et al[30]

15 (15)

19

5 GISTs
9 leiomyomas
1 glomus tumor

15 (100)

Liu et al[34]

12 (12)

9 esophagus
3 cardia
2 body
1 antrum
7 esophagus
5 cardia

18.5

Wang et al[36]

57 (57)

57 esophagogastric
junction

21.5

Ye et al[32]

85 (85)

60 esophagus
16 cardia
9 stomach

19.2

2 GISTs
9 leiomyomas
1 schwannoma
7 GISTs
46 leiomyomas
1 intramuscular
lipoma
1 granular cell tumor
2 schwannomas
19 GISTs
65 leiomyomas
1 calcifying
fibrous
tumor

2 pleural effusion
6 pneumothorax
4 pneumothorax
8 SE

12
No recurrence

8
No recurrence

1

The 100% is en-bloc resection rates, no information on complete resection rate was given in this study. GIST: Gastrointestinal stromal tumors; SE:
Subcutaneous emphysem.

Another key problem with the EFTR procedure
is the potential risk of abdominal cavity infection,
although the current literature reports no signifi
cant instances of peritonitis and abdominal cavity
infection with EFTR. During the EFTR procedure,
the abdominal cavity will be at risk of contamination
by the gastric fluid, nonsterile endoscopes, and
endoscopic accessories. Similarly, abdominal cavity
infection is a serious problem, which is currently the
subject of heated arguments in the field of natural
orifice transluminal endoscopic surgery (NOTES).
However, compared with NOTES, EFTR offers a shorter
operation time and a lesser risk of contact with the
adjacent tissue/organs. Thus, sterile endoscope/
accessories and antiseptic gastric lavage are not likely
[29]
required . However, optimized bowel preparation,
intravenous infusion of antibiotics, and gastrointestinal
decompression are warranted. In addition, it is also
very important to prevent the gastric juice from
flowing into the abdominal cavity to minimize the risk
of contamination. Thus, before gastric wall puncture,
the operative field should be separated from the
gastric fluid by changing the position to obtain a
satisfactory view of the tumor and then suctioning the
[23]
gastric fluid completely .

NOTES and peroral endoscopic myotomy, in 2012, Xu
[30]
et al
reported a new technique, named submucosal
tunneling endoscopic resection (STER), which can
be implemented for upper gastrointestinal SETs
originating from the MP layer. Since its introduction,
there have been an increasing number of reports
on the use of STER for upper gastrointestinal SETs
[31-36]
originating from the MP layer
(Table 3).
The STER procedure is performed as follows (Figure
[31]
3) : (1) to avoid losing the target while creating a
submucosal tunnel, the space between the lesion and
the mucosal incision is also located by methylene blue
or indigo carmine injection, which provides guidance in
creating a submucosal tunnel; (2) a 2 cm longitudinal
mucosal incision is made 5 cm proximal to the tumor
as the entry point with a needle-knife. Then, a
submucosal tunnel to the SET is established using an
electric knife between the submucosal and muscular
layers. The tunnel ends 1-2 cm distal to the tumor to
ensure enough working space for tumor resection.
Subsequently, endoscopic resection of the tumor is
then performed by ESD using the electric knife. During
the tumor resection, repeated injections of saline
solution help to differentiate the MP layer from the
tumor mass and to avoid tumor capsule rupture during
the excavation of the tumor from the MP layer; and
(3) the mucosal incision site is then closed with several
clips after tumor removal.
In contrast with EME or EFTR, STER has advantages
in terms of preserving the integrity of the digestive
tract mucosa and submucosa, while also promoting
early wound healing. Moreover, a 5-cm-long sub
mucosal tunnel has a good “leak-proofing” effect. If
digestive tract leakage occurs during the procedure,

SUBMUCOSAL TUNNELING ENDOSCOPIC
RESECTION
With the introduction of EME and EFTR, endoscopic
resection techniques have evolved continuously.
Recently, the emergence of NOTES marked the rise of
a new branch of therapeutic endoscopy. Inspired by
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Figure 3 Submucosal tunneling endoscopic resection. A: A subepithelial tumor was found in the gastric fundus; B, C: Creating a submucosal tunnel to the tumor
and then excavating the tumor from the muscularis propria layer via the submucosal tunnel; D: The omentum could be seen through a small gastric wall after tumor
removal; E: The gastric mucosa was intact; F: The entrance of the submucosal tunnel was closed with several clips after tumor removal.

it reduces the risk of postoperative digestive tract
[34]
fistula and pleural/abdominal infection . Compared
with EME and EFTR, STER seems to be a safer and
more effective treatment for gastric SETs originating
from the MP layer. However, some complications are
frequently observed. The main complications of STER
are subcutaneous emphysema, pneumoperitoneum
[30-36]
pneumothorax, and pleural effusion
. Previous
studies using STER have reported an incidence of
[30-36]
complications ranging from 0%-20%
. However,
these patients usually recover without any need
for further endoscopic or surgical intervention. In
addition, insufflation with CO 2 can significantly
reduce the occurrence of post-procedural mediastinal
[36]
emphysema .
There are still several technical challenges with
the use of STER to treat gastric SETs originating from
[32]
the MP layer . First, one important challenge of this
technique is the establishment of a submucosal tunnel
to the lesion. General stomach features, such as a
great space, extensibility, and mucosa hypertrophy,
increase the difficulty in establishing a submucosal
tunnel (as compared to the esophagus). Moreover,
specific locations within the stomach present with
varying levels of difficulty for establishing a submucosal
tunnel. Compared with other parts of the stomach,
in our experience, it is relatively simple to establish a
submucosal tunnel in the cardia adjacent to the gastric
fundus, the greater curvature of gastric antrum, and
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the lesser curvature of gastric body. Second, the
tunnel directions can be more difficult to identify in the
stomach, which increases the difficulty of establishing
a submucosal tunnel to the tumor. The route between
the tumor and the mucosal incision is first oriented
by injection of indigo carmine or methylene blue
before establishing a submucosal tunnel, which plays
a guidance role for the operator. Third, keeping the
tunnel mucosa intact is more difficult in the stomach
than in the esophagus. “Leak-proofing” can only
work effectively when the tunnel mucosa maintains
its integrity. Forth, in some cases the lesion is more
tightly connected to the underlying MP or serosal
layer. It is then necessary to resect the lesion including
the underlying muscularis propria and serosa. In this
situation, care needs to be taken to avoid injury to the
adjacent organs. However, STER is still a generally safe
and effective technique for SETs that originate from
the MP layer, so long as strict criteria for case selection
and admittance of surgical operations are adopted.

INDICATIONS OF ENDOSCOPIC
PROCEDURE
The optimal indication for endoscopic resection in
gastric SETs should be less than 3.5 cm in diameter
of tumor size. The reasons for this indication are as
follows. First, when a tumor is > 3.5 cm in diameter,
it is difficult to remove via an endoscopic approach
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after en bloc resection because of the limitations of the
cardia and esophageal cavity space. Second, for the
STER procedure, it is also difficult to excavate a large
tumor during the narrow submucosal tunnel, which
is often associated with an obscured endoscopic view
and a high risk of tunnel mucosa perforation. Third,
for the EFTR procedure, resecting a large tumor will
create a large gastric wall defect, which is extremely
difficult to close by clips and associated with a potential
risk of postoperative gastric leaks. Thus, at present,
very few cases of SETs > 3.5 cm were reported in
published literature and some of them resulted in
[10,20]
partial or piecemeal resection
. However, partial or
piecemeal resections, not an en-bloc resection, make
the histologic evaluation very difficult. In addition,
tumor capsule rupture might cause tumor recurrence
or metastasis. Therefore, only tumors less than 3.5
cm in diameter should be removed via endoscopic
procedures. This is a relatively strict rule for endoscopic
management. Note that tumors with high-risk EUS
features, such as irregular borders, cystic spaces,
ulcerations, echogenic foci, or heterogeneity, are not
suitable for those endoscopic treatments.
There is no standard for the selection of endosco
pic operation methods for small gastric SETs that
originate from the MP layer. Endoscopist experience
and tumor characteristics, such as the size, depth,
location, and extraluminal or endoluminal growth of the
tumor, are the main factors in deciding which surgical
method to employ. Generally, for gastric SETs with
endoluminal growth, ESE is a favorable choice, whereas
for extraluminal growth, EFTR is another favorable
choice. In areas suitable for establishing a submucosal
tunnel, such as in the greater curvature of the gastric
antrum, the lesser curvature of gastric body, or the
cardia adjoining to the gastric fundus, STER is also a
favorable choice, but should be performed only by an
experienced endoscopist.

optimize treatment outcomes.
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REVIEW

Non-functional neuroendocrine tumors of the pancreas:
Advances in diagnosis and management
Jordan M Cloyd, George A Poultsides
incurable once they progress to unresectable metastatic
disease. Tumors of higher grade can be suspected
preoperatively based on the presence of calcifications,
hypoenhancement on arterial phase computed
tomography, positron emission technology avidity and
lack of octreotide scan uptake. Surgery is the only
curative treatment and is recommended for most patients
for whom complete resection is possible. Liver-directed
therapies (thermal ablation, transarterial embolization)
can be useful in controlling unresectable hepatic
metastatic disease. In the presence of unresectable
progressive disease, somatostatin analogues, everolimus
and sunitinib can prolong progression-free survival. This
article provides a comprehensive review of NF-PNETs
with special emphasis on recent advances in diagnosis
and management.
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Core tip: Pancreatic neuroendocrine tumors (PNETs) are
a fascinating and diverse group of neoplasms. While
the clinical features of functional PNETs are frequently
discussed, the majority of PNETs are actually nonfunctional. Although typically slow growing, tumors with
more aggressive biology may progress to unresectable
metastatic disease. Surgery should be considered for
all patients for whom complete resection is possible,
while liver directed therapies are useful for managing
hepatic metastases. For patients with progressive
metastatic disease, strong evidence supports the use
of somatostatin analogues, everolimus and sunitinib
in prolonging survival. The purpose of this article is to
provide a comprehensive review of NF-PNETs.

Abstract
Nonfunctional neuroendocrine tumors of the pancreas
(NF-PNETs) are a heterogeneous group of neoplasms.
Although rare, the incidence of NF-PNETs is increasing
significantly. The classification of PNETs has evolved over
the past decades and is now based on a proliferation
grading system. While most NF-PNETs are slow growing,
tumors with more aggressive biology may become
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STAGING AND PROGNOSIS
In 2000, the World Health Organization (WHO) first
established guidelines that distinguished between welldifferentiated tumors with benign behavior (localized
to pancreas, size < 2 cm, low mitotic rate and Ki-67,
no angioinvasion or perineural invasion), tumors
with uncertain behavior (limited to the pancreas,
angioinvasion or perineural invasion, size ≥ 2 cm)
and tumors with clearly malignant behavior (gross
[7]
local invasion or distant metastases) . In 2010,
the WHO revised their previous grading system to a
proliferation based grading system (Table 1). Based
on mitotic counts and Ki-67 indices, well-differentiated
tumors included those of low and intermediate grade
while poorly differentiated tumors included high
grade tumors. It was concluded that mitotic count
and Ki-67 should be performed on all specimens and
that the grade would reflect the higher value when
[8]
discordant . In fact, Ki-67 and differentiation has
been found to be some of the most important factors
[9]
in determining prognosis .
Based on results of a consensus conference in
2005, the European Neuroendocrine Tumour Society
(ENETS) proposed a classification scheme for all
foregut NETs that combined a TNM staging system with
[10]
a histologic grading system . The most commonly
th
used staging system, however, is from the 7 edition
[11]
American Joint Committee on Cancer (AJCC) .
Revised in 2010, this system applies to all neoplasms
of the pancreas, both endocrine and exocrine, and
is based on TNM staging (Table 1). Importantly, the
AJCC system does not incorporate histological grading
criteria.
Both the ENETS and the AJCC system have been
validated and provide important prognostic information
[12]
for patients with PNETs . However, some have called
into question whether the AJCC system provides
adequate discriminatory value. Specifically, validation
[13,14]
studies by Strosberg et al
showed no survival
difference between stages Ⅰ and Ⅱ as well as stages
[15]
studied a large
Ⅲ and Ⅳ. In addition, Rindi et al
international cohort of resected PNETs and found
no significant differences in survival between stage
Ⅱ and Ⅲ. A large range of outcomes was seen in
patients of all stages, suggesting poor discriminatory
ability, and they concluded that the ENETS staging
[15]
[16]
system was superior . Qadan et al
utilized SEER
to demonstrate that no significant survival differences
could be replicated between stages Ⅱ and Ⅲ or Ⅲ and
Ⅳ, and suggested a revised TNM staging system with
potentially improved prognostic capabilities.

INTRODUCTION
Pancreatic neuroendocrine tumors (PNET) are a rare
heterogeneous group of neoplasms that arise from
progenitor islet cells. PNETs may be classified as either
functional (F-PNET) or non-functional (NF-PNET),
depending on their ability to secrete biologically active
hormones and elicit characteristic symptomatology.
NF-PNETs exhibit a wide range of malignant potential,
ranging from slow-growing and non-infiltrative tumors
to locally invasive and rapidly metastasizing ones,
thereby making standardization of the diagnosis,
surgical and medical management, follow-up
surveillance and prognosis challenging. Fortunately,
significant advances in diagnostic modalities, tumor
localization and therapeutic options have been
made over the past decade. This article provides a
comprehensive review of NF-PNETs and an update on
advances in their diagnosis and management.

EPIDEMIOLOGY
Although neuroendocrine neoplasms can occur
nearly anywhere in the body, gastroenteropancreatic
neuroendocrine tumors (GEP-NET) and pulmonary
neuroendocrine tumors comprise the majority.
[1]
PNETs comprise approximately 7% of all NETs .
However, compared to other pancreatic pathology,
PNETs are relatively rare, comprising only 1%-2%
of all pancreatic neoplasms. The incidence of PNETs
increases significantly after the age of 40 with a peak
[1]
incidence around age 65 . There is only a slight
[2]
male predominance . Between 60%-90% of all
PNETs are non-functional and given their frequently
asymptomatic nature the majority of patients present
[2,3]
with distant metastasis .
By all measures, the incidence of PNETs is
increasing. The Surveillance, Epidemiology and End
Results (SEER) program has shown that the incidence
has increased from 0.17 per 100000 people in 1973
[1]
to 0.47 per 100000 people in 2007 . Likewise, a sixfold increase in the incidence was found in Ontario,
Canada between 1994 and 2009 (from 0.1 to 0.6
[4]
per 100000 persons) . Autopsy studies would also
suggest that the prevalence of PNETs is higher than
[5]
previously suspected . Interestingly, this trend of
increasing incidence of PNETs seems to be true of all
[4,6]
neoplasms of neuroendocrine origin
and may be
partly related to increased incidental discovery due to
more frequent use and improving sensitivity of crosssectional imaging.
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Table 1 Current pancreatic neuroendocrine tumor classification and staging systems
WHO 2010/ENETS grading
Grade
G1 (low)
G2 (intermediate)
G3 (high)
ENETS T staging1
T stage
TX
T0
T1
T2
T3
T4
AJCC T staging1
T stage
TX
T0
T1
T2
T3
T4
Stage
ⅠA
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
Ⅳ

Differentiation
Well
Well
Poorly

Ki-67 index (%)
≤2
3-20
> 20

Mitotic count/10 HPF
<2
2-20
> 20

Description
Cannot be assessed
No evidence of tumor
< 2 cm, limited to pancreas
2-4 cm, limited to pancreas
> 4 cm, limited to pancreas
Involving adjacent organs or large blood vessels
Description
Cannot be assessed
No evidence of tumor
≤ 2 cm, limited to pancreas
> 2 cm, limited to pancreas
Involves adjacent organs
Involving celiac axis or superior mesenteric artery
ENETS staging

AJCC staging
T1 N0 M0
T2 N0 M0
T3 N0 M0
T1-3 N1 M0

T1 N0 M0
T2 N0 M0
T3 N0 M0
T4 N0 M0
T1-4 N1 M0
T1-4 N0-1 M1

T4 N1 M0
T1-4 N0-1 M0

1

Both AJCC and ENETS share common N and M staging: N0, no regional lymph node metastatic; N1, regional lymph node metastasis; M0, no distant
metastasis; M1, distant metastasis. WHO: World Health Organization; ENETS: European neuroendocrine tumor society; AJCC: 7th edition American joint
committee on cancer.

Table 2 Clinical features of functional pancreatic neuroendocrine tumors
Tumor

Clinical features

Biochemical evaluation

Insulinoma

Percentage Secreted hormone Malignant
40%-60%

Insulin

< 10%

Hypoglycemia

Gastrinoma

20%-50%

Gastrin

60%-90%

PUD, GERD, diarrhea

Glucagonoma

Rare

Glucagon

50%-80%

Somatostatinoma

Rare

Somatostatin

> 70%

VIPoma

Rare

Vasoactive
Intestinal Peptide

40%-70%

Necrolytic migratory erythema, diabetes,
venous thrombosis, depression
Diabetes, hypochlorhydria, cholelithiasis,
diarrhea
Watery diarrhea, hypokalemia, achlorhydria

Insulin, pro-insulin, C-peptide, 72 h
fasting insulin/glucose ratio
Fasting gastrin (off PPI), secretin
stimulation test
Glucagon
Somatostatin (not widely available)
VIP

PUD: Peptic ulcer disease; GERD: Gastroesophageal reflux disease; PPI: Proton pump inhibitor.

a significant tumor burden. When they become
symptomatic, their symptomatology is typically
related to mass effect from the primary tumor or
the metastasis. Many PNETs occur in the head of the
pancreas where symptoms may include jaundice,
abdominal pain, or weight loss. Other less frequent
symptoms may include anorexia, nausea, intraabdominal bleeding, or a palpable mass. Many will
be asymptomatic and found incidentally on crosssectional imaging performed for other indications. The
vast majority of metastases occur in the liver, though
other sites including bone, peritoneum, adrenal, brain
[17]
and spleen have been reported . Liver metastases

WJG|www.wjgnet.com

more frequently occur with non-functional tumors and
patients with symptoms. When liver metastases occur,
[17]
most are multifocal and bilobar .
F-PNETs present with symptoms caused by the
specific hormone produced. Common F-NETs include
insulinoma, which presents with hypoglycemia, and
gastrinoma, which presents with peptic ulcer disease,
gastroesophageal reflux disease or secretory diarrhea.
Less common F-NETs include VIPomas, glucagonomas,
and somatostainomas. These tumors are summarized
in Table 2 but are not discussed further in this
review. NF-PNETs either do not produce hormones,
produce hormones at a low enough level to not cause
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symptoms, or are associated with hormones that do
not cause symptoms, such as pancreatic polypeptide,
chromogranin A, ghrelin, calcitonin or neurotensin.
While most NF-NETs are sporadic, approximately
10% of NETs will be associated with an inherited
[18]
genetic syndrome . Multiple endocrine neoplasia
type 1 (MEN1) is an inherited autosomal dominant
disease characterized by hyperparathyroidism
(nearly 100%), PNETs (up to 75%) and pituitary
[19]
tumors (less than 50%) . NF-PNETs are the most
common pancreatic neoplasms in MEN1, followed
by gastrinomas, and then insulinomas. Patients
with MEN1 frequently present with multiple PNETs
[20]
throughout the pancreas . Von Hippel-Lindau (VHL)
disease is an autosomal dominant disorder that is
associated with pancreatic tumors or cysts. In order
of frequency, patients develop pancreatic cysts,
NF-PNETs (10%-20% of patients), cystadenomas,
hemangioblastomas and adenocarcinoma; F-PNETs are
[20]
rare . PNETs in neurofibromatosis type 1 (NF1) are
relatively rare (0%-10%) but are almost exclusively
duodenal somatostatinomas in the periampullary
[21]
region . Other functional and non-functional PNETs
[22-24]
may rarely occur
. PNETs associated with tuberous
sclerosis (TS) are relatively uncommon and may be
[25]
either functional or non-functional .

additional diagnostic utility, especially in patients
[33,34]
on PPIs or with normal CgA levels
. Laboratory
evaluation should also include tests to rule out F-NETs,
including insulinoma and gastrinoma, if suspected
(Table 2). Screening for MEN1 with serum parathyroid
hormone and calcium levels should be performed in
appropriate patients (e.g., diagnosis at young age,
multifocal tumors, and/or with relevant personal or
family history).

Localization

Cross-sectional imaging should be performed in all
patients suspected of having a PNET. Computed
tomography (CT) remains the initial imaging modality
of choice given its good sensitivity, specificity and
availability. PNETs typically are well-circumscribed
lesions that appear hyperenhancing on contrastenhanced scans. In fact, there is some evidence
that hypoenhancement on arterial phase imaging is
associated with more aggressive tumors and worse
[35]
prognosis (Figure 1) . Similarly, the presence of
calcifications within these tumors on CT is associated
with higher grade and the presence of lymph node
[36]
metastases (Figure 2) . Magnetic resonance imaging
(MRI) is an alternative modality with the advantage
of less radiation exposure. PNETs should be low signal
intensity on T1 weighted images and high signal
intensity on T2 weighted images. In addition, MRI
may be more sensitive than CT for detecting smaller
[37,38]
pancreatic lesions and liver metastases
. While
ultrasound has a limited role in the diagnosis of PNETs,
intraoperative ultrasound (IOUS) is very sensitive in
[39]
identifying small PNETs , and endoscopic ultrasound
(EUS) is a valuable technique for detection, localization
and diagnosis through fine needle aspiration of
[40]
identified lesions .
Somatostatin receptor scintigraphy (SRS), also
known as an octreotide scan, is a whole body func
111
tional imaging study that uses
indium labeled
pentetreotide, a somatostatin analogue. Advantages
include identification of unknown metastatic sites
and providing important information on functional
expression of somatostatin receptors which may
[41]
guide systemic therapy decisions . Although less
available at most institutions compared to SRS, newer
68
functional imaging studies utilizing Gallium labeled
1,4,7,10-tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic
acid-d-Phe(1)-Tyr(3)-octreotide ((68)Ga-DOTATOC) show promising results that may be superior
[42,43]
to conventional SRS
. Although standard positron
18
emission technology (PET) with flourodeoxyglucose
is not typically useful in the diagnosis of NF-PNETs,
PET with newer radiolabeled tracers may prove more
[44,45]
advantageous
. In general, well differentiated
tumors are positive on Octreotide scan and negative
on PET scan, with the opposite being true for poorly
[46]
differentiated grade 3 tumors .

DIAGNOSIS
Patients with PNETs require a thorough evaluation
for symptoms classically associated with functional
tumors as well as symptoms directly related to the
primary or metastatic tumor. Past medical and family
history should be carefully reviewed. A comprehensive
physical examination should be undertaken. Ultimately,
the diagnosis of PNETs depends on comprehensive
biochemical and radiographic evaluation.

Biochemical

Neuroendocrine markers are important not only for
confirming diagnosis, but also as screening tools
for future surveillance. The most commonly utilized
neuroendocrine markers include chromogranin A
(CgA), pancreatic polypeptide (PPP), pancreastatin,
and neuron-specific enolase (NSE). CgA is a gly
coprotein used commonly as a tumor marker in histo
pathology but also has elevated circulating levels
in patients with both functional and non-functional
[26,27]
PNETs
. However, falsely elevated levels can be
observed in patients with chronic renal insufficiency,
liver failure and with proton-pump inhibitor (PPI)
[28,29]
use
. Recent recommendations by the North
[30]
American Neuroendocrine Tumor Society
and a
[29]
Canadian national expert group have recommended
utilizing CgA in the diagnosis and surveillance of
advanced PNETs. PPP may be elevated in up to 63%
[31]
of PNETs
and has a specificity of 84% when used
[32]
during surveillance . Pancreastatin may provide
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A

B

C

D

E

Figure 1 Representative images of the 5 types of pancreatic neuroendocrine tumor enhancement pattern on arterial phase computed tomography.
Two images are shown for each type. A: Hyperenhancing, solid; B: Cystic with hyperenhancing rim; C: Isoenhancing or no mass visualized; D: Homogeneously
hypoenhancing; E: Heterogeneous but mostly hypoenhancing with some peripheral enhancement. Groups D and E had worse survival after resection compared with
groups A, B, and C (From Worhunsky et al[35]. Pancreatic neuroendocrine tumours: hypoenhancement on arterial phase computed tomography predicts biological
aggressiveness. HPB 2014; 16: 304-311). Arrows indicate PNET.
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A

B

C

D

Figure 2 Axial computed tomography images of Pancreatic neuroendocrine tumor with punctate (A, C) and dense/coarse calcifications (B, D). Despite their
small size, all lesions were associated with either lymph node metastasis (A-C) or intermediate (G2) grade (B-D) on pathologic evaluation (From Poultsides et al[36].
Pancreatic Neuroendocrine Tumors: Radiographic Calcifications Correlate with Grade and Metastasis. Ann Surg Onc 2012; 19: 2295-2303).
[50-52]

methodological concerns
. Until better data are
available, the ENETS guidelines states that intensive
observation could be considered for NF-PNETs < 2 cm
but risks and benefits must be carefully weighed in
[53]
each patient .
Small low grade PNETs may safely undergo
enucleation regardless of location in the pancreas,
provided they are far away from the pancreatic duct
and the integrity of this structure can be maintained
[54]
during enucleation . Enucleation may be performed in
an open, laparoscopic or robotic fashion; the technique
does not have an appreciable impact on morbidity,
[55]
mortality, length of hospital stay or survival . For
larger or more aggressive NF-PNETs, formal resection
is recommended. Tumors in the head of the pancreas
typically require pancreaticoduodenectomy (PD)
while body and tail lesions may be resected via distal
pancreatectomy with or without splenic preservation.
Distal pancreatectomy can often be performed via
minimally invasive techniques which are associated
with decreased morbidity, operative blood loss and
hospital length of stay with similar rates of negative
[56]
margins . Minimally invasive PD has been slow to
gain popularity given its greater learning curve and
longer operating times. However, recent evidence
suggests that it is a feasible option at select centers
with potential benefits in morbidity and perhaps
[57,58]
oncologic outcomes
.
Several reports now have stressed the prognostic
importance of lymph node involvement in patients

SURGICAL MANAGEMENT
Primary

Surgery remains the only curative treatment for NFPNETs and is the mainstay of treatment in most
cases. Appropriate candidates who undergo surgery
have a significant survival advantage compared with
[47]
those who do not. Hill et al
demonstrated a median
survival difference of 114 mo vs 35 mo for patients
who underwent resection compared to those who did
not but were recommended to, across all patients with
localized, regional and metastatic disease.
The exact surgical management must be indi
vidualized for each patient based on their particular
tumor and staging. In general, most NF-PNETs should
be resected. However, given the increase in incidentally
discovered asymptomatic NF-PNETs, there is growing
interest in the role of observation for patients with
[48]
small indolent tumors. Lee et al
retrospectively
analyzed 77 patients who underwent nonoperative
observation of small, sporadic NF-PNETs without
evidence of local invasion or metastasis. Median initial
size was 1.0 cm and there was no documented disease
specific progression or mortality during a median
[49]
follow-up of 45 mo. In addition, Bettini et al
found
that of 51 patients with incidentally diagnosed NFPNETs < 2 cm, only 6% were malignant and there
were no disease specific deaths on long term followup. Other population-based analyses have attempted
to investigate this question but have been limited by
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[59-61]

[61]

with NF-PNETs
. Krampitz et al
found that
positive lymph nodes were associated with a shorter
time interval to the development of liver metastases,
and in long term follow-up, a shorter disease specific
[60]
survival. Similarly, Hashim et al
found that lymph
node positivity was associated with PNETs of greater
size, location in the head, high Ki-67 and with
lymphovascular invasion. Furthermore, positive
lymph nodes were associated with decreased median
disease free survival. These data support the use of
routine lymphadenectomy during resection for PNETs.
Controversy exists over which lesions may forego
lymphadenectomy during simple enucleation. Curran
[59]
et al
analyzed the SEER database and found no
lymph node metastases in any low grade PNETs <
[50]
1 cm. In contrast, Gratian et al
found that among
tumors < 0.5 cm in the national cancer database, 33%
presented with regional lymph node metastases and
11% with distant metastases. Formal resection with
adjacent lymphadenectomy, as opposed to enucleation,
is the procedure of choice for PNETs greater than 2
cm, of higher grade, or with radiographic calcifications.
Several authors have described the role of aggressive
[62-65]
extended resections for advanced PNETs
. For
[62]
example, Norton et al describe acceptable morbidity,
low mortality, and excellent overall survival rates,
albeit high recurrence rates, in patients with advanced
[63]
PNETs. Norton et al
also described good outcomes
for patients with PNETs with major vessel involvement
undergoing simultaneous vascular reconstruction.
Surgeons at experienced hepatopancreaticobiliary
centers may follow standard oncologic principles,
including multivisceral and vascular resections, in order
to accomplish R0 resections.

In the setting of metastatic disease, controversy
remains regarding the role of surgery for the primary
[53,76,77]
[77]
tumor
. Capurso et al
performed a systematic
review on this topic and found improved overall
survival in patients undergoing resection of the primary
in 2 of 3 retrospective cohort studies identified. One
potential benefit of removal of the primary tumor
is allowing providers to focus treatment on the liver
metastatic sites with hepatic artery therapies. Primary
tumors that are symptomatic should generally undergo
[78]
resection for palliation of symptoms .

SYSTEMIC THERAPY
The goal of systemic therapy is to prolong survival in
patients with recurrence or relapse as well as improve
quality of life by controlling symptoms. Currently, there
is no evidence to support the use of various systemic
modalities in an adjuvant fashion following complete
surgical resection of PNETs.

Somatostatin analogues

Nearly 80% of NF-NETs express somatostatin receptors,
making them a suitable target for therapy with
somatostatin analogues. In addition to their favorable
safety profile and effectiveness in controlling symptoms,
recent evidence has suggested improvements in
[79]
oncologic outcomes as well. The PROMID trial was a
placebo-controlled double blinded randomized controlled
trial (RCT) of long acting release (LAR) octreotide in
patients with metastatic well differentiated midgut
NETs. Median progression free survival was 14.3 mo
in patients receiving octreotide vs 6 mo in the placebo
group. More recently, the CLARINET trial randomized
204 patients with enteropancreatic NETs to receive long
acting lanreotide or placebo and found significantly
prolonged progression free survival in the lanreotide
group (65.1% vs 33.0% at 24 mo); this finding was
confirmed in a subset of patients with PNETs (Figure
[80]
3) .

Liver metastases

All patients with liver metastases from PNETs should
be considered for surgical intervention. Although
resection can be associated with high recurrence rates,
it does improve progression free survival as well as
[66-71]
[66]
symptom control
. Saxena et al
performed a
meta-analysis of 1469 GEP-NETs metastatic to the
liver and found 3, 5, and 10 year overall survival rates
of 83%, 70.5%, and 42%, respectively, following
hepatic resection. Predictors of poor outcomes
included poor histologic grade, incomplete resection
[66]
and extrahepatic disease . When patients are not
candidates for resection, alternative methods, such
as thermal ablation or hepatic artery embolization,
are helpful strategies that improve local control and
[67,69,71,72]
palliate symptoms
. Insufficient data exists
to recommend one liver-directed strategy over
[73]
another . Liver transplantation has been described
[74]
for well selected patients with metastatic GEP-NET .
However, liver transplantation for neuroendocrine
liver metastases of pancreatic origin is associated
with worse overall outcomes and is not typically
[75]
recommended .
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Radionucleide therapy

Peptide receptor radionuclide therapy (PRRT) also
makes use of PNETs’ octreotide receptor expression
by coupling radionuclides to somatostatin analogues.
90
177
Typical radionuclides include yttrium and lutetium.
Response rates range only between 10%-40% with
toxicity (primarily bone marrow and renal) rates in a
similar range so PRRT should be reserved for cases not
[81-83]
responsive to less toxic therapies
. Furthermore,
having been pioneered at the Erasmus Medical Center
in the Netherlands, PRRT is still only available at select
centers in Europe and North America and randomized
data are lacking.

Chemotherapy

Indolent and well differentiated NETs are typically
resistant to traditional systemic chemotherapy which

9518

August 28, 2015|Volume 21|Issue 32|

Cloyd JM et al . Advances in pancreatic NETs
100
Lanreotide 120 mg
32 events, 101 patients
Median not reached

Patients with progression-free
survival (%)
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Figure 3 Results of the Clarinet trial which randomized patients with enteropancreatic neuroendocrine tumors to lanreotide vs placebo. From: Caplin et
al[80]. Lanreotide in Metastatic Enteropancreatic Neuroendocrine Tumors. N Engl J Med 2014; 371: 224-233.
[94]

is therefore reserved for patients with high grade,
poorly differentiated tumors or with rapidly progressive
[84]
unresectable disease . However, NETS of pancreatic
origin, generally respond better to chemotherapy than
other GEP-NETs. Streptozocin was one of the first
agents shown to have activity patients with metastatic
PNETs, either as monotherapy or in combination
[85-87]
with doxorubicin or fluorouracil
. Currently,
platinum based therapy remains the standard of
care for patients with high grade metastatic PNETs.
Various combinations exist but the most common
regimen utilized consists of cisplatin and etoposide.
Nevertheless, data supporting the use of this regimen
is limited and more evidence is needed to clarify its
[88]
role as aggressive first line therapy .
More recent research has focused on the use of
oral temozolamide with or without capecitabine given
its ease of administration and favorable side effect
profile. A retrospective review of 30 patients with
well or moderately differentiated PNETs treated with
this regimen demonstrated a 70% response rate
[89]
and a median PFS of 18 mo . Additional research is
becoming available regarding the safety and efficacy of
[90,91]
this regimen
.

group (11.0 mo vs 4.6 mo) (Figure 4) . Similarly, the
RADIANT-2 trial evaluated Everolimus in conjunction
with long acting octreotide and found improved PFS in
the Everolimus plus octreotide LAR group vs octreotide
[95]
LAR alone(16.4 mo vs 11.3 mo) . Common adverse
effects included stomatitis, rash and diarrhea. Some
have suggested this regimen should be first line therapy
[96]
for most NETs .
Sunitinib is an oral, small-molecule, tyrosine kinase
inhibitor with activity against vascular endothelial
growth factor (VEGF) and platelet-derived growth
factor (PDGF) both of which are expressed abundantly
[97]
in PNETs . A placebo controlled, double blind, RCT
of daily sunitinib in patients with well-differentiated
PNETs with documented disease progression found
improved PFS in patients receiving Sunitinib (11.4
[98]
mo vs 5.5 mo) (Figure 5) . Finally, newer therapies
that target the mTOR (e.g., temsirolimus) and VEGF
(e.g., bevacizumab) pathways are currently being
investigated and hold promise both as single agents
[92,99]
and in combination
.

CONCLUSION
Nonfunctional neuroendocrine tumors of the pancreas
are a heterogeneous group of neoplasms that are
generally slow growing, however, they may become
incurable when they progress to unresectable
metastatic disease. Tumors of higher grade can be
suspected preoperatively based on the presence of
calcifications, hypoenhancement on arterial phase
computed tomography, PET avidity and lack or
octreotide scan uptake. Surgery is the only curative
treatment and is recommended for most patients for
whom complete resection is possible. Liver-directed
therapies (thermal ablation, transarterial embolization)
can be useful in controlling unresectable hepatic
metastatic disease. In the presence of unresectable

Targeted therapy

Increasingly, PNETs have been found to be responsive
to targeted therapies. The purpose of these molecular
agents is to stabilize disease progression in metastatic
[92]
unresectable cases . Much focus has been placed
on Everolimus, an oral mTOR (mammalian target of
rapamycin) inhibitor. Previously, Everolimus had been
found to have clinical benefit in patients who progressed
[93]
while on systemic cytotoxic chemotherapy . The
RADIANT-3 trial was an international, multisite, RCT
comparing daily Everolimus to placebo in patients with
low or moderate grade NF-PNETs. Although response
rates were low, PFS was longer in the Everolimus
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Figure 4 Results of the RADIANT-3 trial which randomized patients with nonfunctional neuroendocrine tumors of the pancreas to Everolimus vs placebo.
From Yao et al[94]. Everolimus for Advanced Pancreatic Neuroendocrine Tumors. N Engl J Med 2011; 364: 514-523.
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Figure 5 Results of a randomized controlled trial of Sunitinib vs placebo for well-differentiated pancreatic neuroendocrine tumors demonstrating (A)
progression free survival and (B) overall survival. From: Raymond et al[98]. Sunitinib Malate for the Treatment of Pancreatic Neuroendocrine Tumors. N Engl J Med
2011; 364: 501-513.
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progressive disease, level 1 evidence suggests that
somatostatin analogues, everolimus and sunitinib can
prolong progression-free survival.
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The goal of therapy in chronic hepatitis C virus (HCV)
infection is sustained virological response (SVR)
which reflects HCV eradication. Treatment against
HCV has dramatically improved with the recent
availability of direct-acting antivirals (DAAs) including
sofosbuvir, simeprevir, daclatasvir, ledipasvir/sofosbuvir,
paritaprevir/ombitasvir and dasabuvir. Carefully selected
combinations of these DAAs offer the potential for
highly effective all-oral safe regimens even for patients
with decompensated cirrhosis or liver transplant
(LT) recipients. Like all current protease inhibitors,
simeprevir and paritaprevir should not be used in
patients with Child C cirrhosis, while sofosbuvir and
ledipasvir/sofosbuvir should not be given in patients
with severe renal impairment and glomerular filtration
rate less than 30 ml/min. Drug-drug interactions may
still occur with the current DAAs particularly in postLT patients, in whom simeprevir should not be coadministered with cyclosporine and dose adjustments
of calcineurin inhibitors are required in case of
regimens including the ritonavir boosted paritaprevir.
Phase Ⅱ clinical trials and real life cohort studies have
shown that sofosbuvir based combinations are safe and
can achieve improvements of clinical status, high SVR
rates and even prevention of post-LT HCV recurrence in
patients with decompensated cirrhosis or LT-candidates.
In the post-LT setting, sofosbuvir based regimens
and the combination of paritaprevir/ombitasvir and
dasabuvir have been reported to be safe and achieve
high SVR rates, similar to those in non-transplant
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patients, being effective even in cases with cholestatic
fibrosing hepatitis. Ongoing clinical trials and rapidly
emerging real life data will further clarify the safety and
efficacy of the new regimens in these settings.

in 77%-92% of genotype 1 CHC patients, compared
[10]
to 46% under pegIFN plus RBV) , daclatasvir
[11]
(Dankliza, Bristol-Myers Squibb) , a NS5A inhibitor,
the co-formulation of the NS5A inhibitor ledipasvir with
[12]
sofosbuvir (Harvoni, Gilead) , the co-formulation
of a ritonavir boosted NS3/4A protease inhibitor,
paritaprevir, with the NS5A inhibitor ombitasvir
(Viekirax, Abbvie) and dasabuvir (Exviera, Abbvie), a
[13]
non-nucleos(t)ide NS5B polymerase inhibitor
(Table
1). They are all given as one tablet daily, except for
paritaprevir/ombitasvir (two tablets once daily) and
dasabuvir (1 tablet twice daily). The purpose of this
review is to summarize the recent findings concerning
the use of the new IFN-free regimens in LT candidates
or recipients with CHC.

Key words: Hepatitis C; Direct acting antiviral agents; Liver
transplantation; Decompensated cirrhosis; Sofosbuvir
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Treatment against hepatitis C virus has
dramatically improved with the novel direct-acting
antivirals (DAAs). The currently available DAAs are
sofosbuvir, simeprevir, daclatasvir, ledipasvir/sofosbuvir,
paritaprevir/ombitasvir and dasabuvir. IFN-free
combinations of these novel DAAs with or without
ribavirin give excellent sustained virological response
in patients with decompensated cirrhosis awaiting liver
transplantation and those with recurrence of hepatitis
C post liver transplantation. More data regarding the
safety and efficacy of these new DAAs are needed, but
ongoing clinical trials and real life data will clarify better
these issues.

Treatment of HCV LT candidates
[14]

Post-transplant HCV recurrence is universal
and
undetectable HCV RNA at the time of LT is crucial for
[15]
prevention of HCV recurrence and graft loss . At the
same time, effective antiviral therapy could improve
liver function resulting in some patients withdrawal
from the transplant list, similarly to what has been
observed in chronic hepatitis B patients on the list
for LT. The severity of liver disease is evaluated with
the MELD score or the Child-Pugh score classifying
patients in class A (score 5-6), B (score 7-9) or C (score
10-15) in relation to best (A), moderate (B), or worse
(C) prognosis. However, there are currently rather few
data to support such an approach, especially among
HCV patients with advanced decompensated cirrhosis
(Table 2).
The availability of sofosbuvir started a bright era
for treatment of HCV patients on the waiting list for
LT. Data from studies in patients with decompensated
cirrhosis exist only for sofosbuvir and ledipasvir/
sofosbuvir, while real life data from the use of the
combinations of sofosbuvir with simeprevir or with
daclatasvir were reported recently. Although more
studies with DAAs are highly needed in patients
with chronic liver impairment and LT candidates, the
currently results are very promising and have led in
wide use of these agents in this setting.
[16]
In the first open label phase Ⅱ study , 61 LT
candidates due to HCC with well compensated HCV
cirrhosis (genotype 1-4, Child-Pugh score ≤ 7, MELD
score < 15) commenced on sofosbuvir plus RBV (1000
or 1200 mg/d). Among the 46 patients who received
liver graft, 43 (93%) achieved HCV-RNA < 25 IU/mL at
the time of liver transplantation. Of these 43 patients,
30 (70%) achieved SVR at 12 wk post-LT, 10 (23%)
had HCV recurrence and 3 (7%) died. Only one of the
patients with continuously undetectable HCV-RNA for
at least one month before LT had recurrence of HCV
infection post-LT. Additionally, the tolerance profile was
excellent, since only one patient developed severe
anemia attributable to RBV administration.
[17]
A more recent randomized study
evaluated 25
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INTRODUCTION
Chronic hepatitis C (CHC) has infected approximately
[1]
3% of the world population . Patients with hepatitis
C virus (HCV) infection can develop cirrhosis and
[2,3]
hepatocellular carcinoma (HCC)
, while CHC is
considered the leading cause for liver transplantation
[4]
(LT) in many Western countries . The combination of
pegylated interferon-α (pegIFN) and ribavirin (RBV) in
patients with CHC had relatively low rates of sustained
[5,6]
virological response (SVR) , but during the last years
several direct acting antiviral agents (DAAs) have
[7]
increased the efficacy of antiviral therapy .
The first approved DAAs (boceprevir and tela
previr) were associated with high rates of clinical
complications, particularly among cirrhotic patients
with serum albumin levels ≤ 3.5 g/dl and platelet
3[8]
counts ≤ 100000/mm . Very recently, newer DAAs
have been licensed by the European Medicines Agency
and Food and Drug Administration to be used mainly
as part of IFN-free combinations offering high SVR
rates (> 95%), short treatment duration and excellent
safety profiles. These agents include sofosbuvir
(Sovaldi, Gilead), the first nucleotide analogue NS5B
[9]
polymerase inhibitor , simeprevir (Olysio, Janssen), a
second-wave NS3/4A protease inhibitor (achieving SVR
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Table 1 Main characteristics of the approved direct acting antivirals that are currently used in interferon-free regimens for the
treatment of hepatitis C
DAA (commercial name),
dose

Category

Sofosbuvir
(Sovaldi®), tablet 400 mg,
once daily

NUC NS5B
polymerase
inhibitor

Simeprevir
(Olysio®), tablet 150 mg,
once daily with food

NS3/4A protease
inhibitor

Contraindicated in Child
class C
No change in renal
impairment

NS5A inhibitor

No change in liver or renal
impairment

Daclatasvir
(Daklinza®), tablet 60 mg,
once daily

Dose adjustment in liver or
renal impairment

Antiviral
activity

No change in hepatic
Genotypes 1-6,
impairment
High genetic
Contraindicatedin patients
barrier
with GFR < 30 ml/min

NUC NS5B
No change in hepatic
Ledipasvir/Sofosbuvir/
(Harvoni®), tablet 90/400
polymerase
impairment
mg, once daily
inhibitor + NS5A Contraindicated in patients
Inhibitor
with GFR < 30 ml/min
Paritaprevir/Ritonavir/ Ritonavir boosted
No safety and efficacy
Ombitasvir (Viekirax®),
NS3/4A protease
data in Child class B,
tablet 75/50/12.5 mg, x 2 inhibitor/NS5A Contraindicated in Child
once daily with food
inhibitor
class C
No change in renal
dysfunction
Dasabuvir (Exviera®),
Non-NUC NS5B
tablet 250 mg, every 12 h
polymerase
inhibitor

CNIs coadministration

Co-administration should be avoided

No change

P-glycoprotein inducers (Anticonvulsants:
carbamazepine, oxcarbazepine,
phenobarbital, phenytoin;
Antimycobacterials: rifampin, rifabutin,
rifapentin; St. John’s wort; HIV drugs:
Tipranavir/ritonavir)
Genotypes 1, 4, Contraindicated
Inhibitors or inducers of CYP3A4
with
(Antifungals: fluconazole, itraconazole,
Low genetic
barrier
cyclosporine
ketoconazole, posaconazole, voriconazole;
Antibiotics: clarithromycin, erythromycin,
telithromycin; Dexamethasone; Cicapride;
HIV drugs: cobicistat, efavirenz,
delavirdine, etravirine, nevirapine,
ritonavir and any HIV protease inhibitor)
P-glycoprotein inducers
Genotypes
No change
Strong inducers of CYP3A4 and/or
1,3,4,
P-glycoprotein
(e.g., phenytoin, carbamazepine,
Low genetic
barrier
oxcarbazepine, phenobarbital, rifampicin,
rifabutin, rifapentine, dexamethasone,
St John’s wort; HIV drugs: darunavir,
lopinavir, etravirine)
Genotypes
No change
P-glycoprotein inducers, rosuvastatin,
1,3,4,
simeprevir
High genetic
barrier
Genotypes 1, 4, Cyclosporine:
P-glycoprotein inducers, gemfibrozil,
Genetic
20% of
lovastatin, simvastatin, oral midazolam,
barrier
pretreatment
triazolam, pimozide, ethinyl estradioldepending on total daily dose; containing oral contraceptives, sildenafil
HCV genotype tacrolimus: 0.2
for pulmonary hypertension
mg/72 h or 0.5
Genotype 1, mg once weekly
Low genetic
barrier

NUC: nucleos(t)ide analogue; CNI: calcineurin inhibitor.

genotype 1-4 CHC patients who received sofosbuvir
plus RBV for 48 wk and 25 patients who were observed
for 24 wk. All patients were cirrhotics and the ChildPugh score was up to 10 (80% were Child class A and
20% Child class B/C). The virological response after
3 mo of antiviral treatment was 97%. Interestingly,
HCV RNA undetectability appeared to occur more
rapidly in patients with Child class A, compared to
those with Child class B (at week 2: 56% vs 44%; at
week 4: 100% vs 75%). No treatment breakthroughs
were recorded; dizziness and nausea were the
most common adverse events, while low rates of
discontinuation were observed due to adverse event.
Episodes of ascites, as well as hepatic encephalopathy,
declined substantially over time in treated patients.
[18]
Gane et al
evaluated 20 patients with CHC
genotype 1 and Child class B cirrhosis who received
ledipasvir/sofovusvir co-formulation with or without
RBV. So far, high SVR rate (89%) with good safety and
tolerance and without treatment discontinuations has
[19]
been reported. Finally, in a study by Flamm et al ,
the same combination of ledipasvir/sofosbuvir plus
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RBV (the latter starting from 600 mg/d) was given for
12 or 24 wk in 108 treatment naive or experienced
genotype 1 and 4 patients with decompensated
[19]
cirrhosis Child class B (n = 55) or C (n = 53) . All
patients had no HCC, well preserved renal function
(glomerular filtration rate > 40 ml/min) and total
serum bilirubin < 10 mg/dL. The authors found that
this combination was well tolerated resulting in high
SVR rates irrespectively of duration of antiviral therapy
(12 wk: 87%, 24 wk: 89%) and with similar efficacy
between Child B and C patients (12 wk: 87% vs 86%,
respectively; 24 wk: 89% vs 90%, respectively). Only
4 (4%) patients had serious adverse events.

Guidance for the use of IFNfree regimes in liver transplant
candidates
Achievement of undetectable HCV RNA can prevent
HCV recurrence post LT. On the other hand, patients
with portal hypertension and decompensated
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Table 2 Studies of interferon-free regimens for treatment of hepatitis C virus positive liver transplant candidates
Ref.

No. of patients Severity of liver disease based on CP score

Curry et al[16]

61

≤7

Afdhal et al[17]

40

5-10

Gane et al[18]

20

7-9

108

Decompensated cirrhosis
(CP score range: 7-12)

Flamm et al[19]

Antiviral scheme (duration)

Virological response

SOF + RBV
(for 48 wk or until LT)
SOF + RBV
(48 wk)
SOF + Ledipasvir ± RBV
(12 wk)
Ledipasvir/SOF + RBV
(12 or 24 wk)

69% (12 wk after LT)
100% and 93% for Child class A and B,
respectively at 24 wk under treatment
89%
87% and 89%
(for 12 and 24 wk, respectively)

CP: Child-Pugh; SOF: Sofosbuvir; RBV: Ribavirin.

cirrhosis may not respond equally well with patients
with less advanced disease perhaps due to hepatic
changes that could affect the DAAs metabolism and
pharmacokinetics. It should be noted that the rates
of on-therapy virological responses increase more
slowly and the final SVR rates are lower in patients
with decompensated cirrhosis compared to those in
patients with compensated cirrhosis included in the
[17,19,20]
same studies
.
Since not only liver but also renal impairment
may be present in patients with decompensated
cirrhosis and LT candidates, careful selection of
DAAs is required. The agents for this setting should
have unchanged pharmacokinetics irrespectively
of liver and/or renal dysfunction. Sofosbuvir is cl
eared through the kidneys and therefore its phar
macokinetic is not affected by the presence of liver
[21]
impairment . No dose adjustment of sofosbuvir is
required in patients with creatinine clearance ≥ 30
ml/min, but the agent is officially contraindicated
in patients with creatinine clearance < 30 ml/min
[22]
or under hemodialysis . Recent data suggest that
sofosbuvir may have acceptable pharmacokinetic
in the latter patient subgroup if it is given at a
daily dose of 200 mg. Similarly to sofosbuvir, the
combination of ledipasvir/sofosbuvir needs no dose
adjustment in patients with any liver impairment or
with glomerular filtration rate ≥ 30 ml/min, but it is
also contraindicated in cases with glomerular filtration
rate < 30 ml/min. Dose adjustment is not needed
for any other agent in patients with any degree of
liver or renal impairment. However, simeprevir and
paritaprevir, as all existing NS3/4 protease inhibitors,
are contraindicated in patients with severe liver
impairment and Child class C cirrhosis mostly due to
[23]
safety precautions (Table 1).
All above data indicate that several factors should
be taken into account before the choice of IFNfree regimens in the pre-LT setting. Safe combined
regimens with high potency and high genetic barrier
should be preferred to achieve rapid inhibition of HCV
replication and eliminate the selection risk of resistantassociated viral strains. Given the high efficacy of the
new regimens even in LT recipients, a key question is
whether all HCV LT candidates require antiviral therapy
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before LT. According to reasonable clinical judgment,
patients with chances of liver function improvement
may be better treated and perhaps avoid the need
for LT, but the treatment indication is debatable for
patients who will need LT anyway. Since the latter two
subgroups cannot be always differentiated, therapeutic
decisions are often individualized.

Treatment of HCV LT recipients
The efficacy of previous therapeutic options was
rather limited in HCV LT recipients, but the availability
of the current DAAs has opened a new era in the
management of these patients. The optimal timing
for onset of treatment with IFN-free regimens in LT
recipients has not been determined, but even the
current safe DAAs should be used very cautiously in
the early post-transplant period due to the potentially
unstable clinical and biochemical patients’ status, the
possible surgical complications and the effect of heavy
immunosuppression. Drug-drug interactions should
be also taken into account when DAAs are going to be
used by LT recipients who often receive several other
medications. In particular for calcineurin inhibitors,
there are no interactions with sofosbuvir, ledipasvir/
sofosbuvir and daclatasvir. Simeprevir should not
be given in patients receiving cyclosporine, while
the combination of ritonavir boosted paritaprevir/
ombitasvir increase the levels of both tacrolimus and
cyclosporine which needs to be reduced to 0.5 mg
weekly or 0.2 mg every 72 h for tacrolimus and to
20% of the previous dose for cyclosporine (Table 1).
Two studies have evaluated the use of sofosbuvir
and RBV in LT recipients with CHC. Initially, sofosbuvir
with RBV plus/minus PegIFN was given for 24-48 wk
in 104 LT recipients with HCV fibrosing cholestatic
hepatitis or decompensated cirrhosis within a
[24]
compassionate use program . Sofosbuvir plus RBV
(without pegIFN) was given in 80 (77%) patients.
Most of the patients had baseline decompensated
liver disease with mean bilirubin 3.1 mg/dL and mean
albumin 3.1 g/dL. At week 4, 54% of patients had
HCV RNA < 25 IU/mL, while 54 (59%) of 92 patients
achieved SVR. At the end of follow-up, the clinical
condition (defined as liver function improvement and/
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Table 3 Studies of sofosbuvir plus simeprevir with or without ribavirin in recipients with hepatitis C recurrence after liver
transplantation
Ref.
Pungpapong et al[28]

Brown et al[29]

No. of patients

Patient characteristics

Antiviral Scheme, (duration)

55

Fibrosis 3-4: 29%,
Decompensated cirrhosis: 4%,
Cholestatic recurrence: 15%
Cirrhosis: 60%,
MELD score > 10: 14%
Previous DAA failure: 9%
Fibrosis F3/F4: 51%,
Treatment experience: 71%

143

Satokar et al[30]

59

Gordon et al[31]

17

Fibrosis: range: 0-4

Gutierrez et al[32]

32

-

Punzalan et al[37]

10

Lutchman et al[33]

41

Median Fibrosis: 2.5,
Treatment experience: 40%
Treatment experience: 56%

Nair et al[34]

22

Ripper et al[35]

25

All patients with fibrosis ≥ 3 or
decompensated cirrhosis
Treatment experience: 64%

O'Dell et al[38]

16

-

Alsabbagh et al[36]

17

Fibrosis F3-4: 40%,
Treatment experience: 41%

On treatment virological
response (%)

SVR (%)

SOF + SMV ± RBV
(12 wk)

98 (EOT)

91

SOF + SMV ± RBV
(12-24 wk)

-

90

62
50
43 (4 wk)
100 (EOT)

-

93 (EOT)

-

100 (EOT)

100

100 (8 wk)

-

100 (EOT)

-

100 (8 wk)

75

100 EOT

100

100 (4 wk)

-

SOF + SMV
SOF + SMV + RBV
SOF + RBV
SOF + SMV
(12 wk)
SOF + SMV ± RBV
(12 wk)
SOF + SMV ± RBV
(12 wk)
SOF + SMV or
SOF + RBV
(12-24 wk)
SOF + SMV ± RBV
(12 wk)
SOF + SMV ± RBV
(12 wk)
SOF + SMV ± RBV
SOF + SMV (n = 11)
SOF + RBV (n = 6)
(24 wk)

-

EOT: end of treatment; CTP: Child-Pugh score; DAA: Direct acting antiviral.

or reduction of decompensation episodes) improved
in 59 (57%) and remained stable in 23 (22%) cases.
Serious adverse events including ascites, diabetes,
neutropenia, hemophagocytic syndrome and bone
marrow aplasia, which were usually not related to the
study drugs, were noted in 5% of patients and resulted
in early treatment discontinuation in 6 patients.
Similarly encouraging were reported in two patients
with fibrosing cholestatic hepatitis (with genotype
[25,26]
4 and 1a, respectively)
who were successfully
treated with sofosbuvir plus RBV.
[27]
In the second open-label study , 40 liver
transplant recipients with HCV recurrence of any
genotype were enrolled 24 wk after LT. Forty
percent of the patients had cirrhosis, but none liver
decompensation. They were all treated for up to 6 mo
with sofosbuvir plus RBV (the latter starting from 400
mg per day). All patients achieved undetectable HCVRNA by week 4 under treatment, while the SVR rate 4
wk after the end of antiviral therapy was 77% (27/35).
No graft dysfunction was recorded and no adjustments
of immunosuppressive regimen were needed. Serious
adverse events occurred in 15% of patients but they
were all unrelated to the study drug. Common side
events included fatigue, arthralgia, diarrhea and mild
to moderate anemia and occurred in 18% of patients.
The combinations of sofosbuvir with other DAAs
have shown excellent SVR rates without serious
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adverse effects in LT recipients, including prior difficult
to treat subgroups such as patients with genotype
1, cirrhosis, previous intolerance or non-response
to IFN therapy. The combination of sofosbuvir with
simeprevir plus/minus RBV given for 3 mo showed
high efficacy in 55 LT recipients with HCV recurrence
(advanced fibrosis or cirrhosis: 29%, cholestatic
hepatitis: 11%). SVR was observed in 96% of patients
with mild to moderate fibrosis and 76% of patients
[28]
with advanced fibrosis or cirrhosis . Similarly, 90%
SVR was observed in the multicenter HCV-TARGET
[29]
study , in which 143 genotype 1-3 LT recipients
received sofosbuvir plus simeprevir with or without
RBV (60% had cirrhosis, 14% had MELD score > 10
and 9% failure to regimens with a first-generation
protease inhibitor). SVR rate was higher in patients
without cirrhosis (94% vs 86%), with MELD score
< 10 (92% vs 77%) or with genotype 1b (95% vs
83%). In both studies, only mild to moderate adverse
events including fatigue, anemia and headache were
[28,29]
recorded
. Finally, sofosbuvir combination with
simeprevir with or without RBV have shown good on
treatment safety and efficacy in series or small cohort
[30-38]
studies, but most of them lack SVR data yet
(Table
3).
The effectiveness of ledipasvir with sofosbuvir plus
RBV for 12 or 24 wk was assessed in 223 recipients
with HCV genotype 1 or 4. Of these patients, 111
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Table 4 Studies of sofosbuvir plus daclatasvir with or without ribavirin in recipients with hepatitis C recurrence after liver
transplantation
Authors

No. of patients

Patient characteristics

Antiviral Scheme (duration)

Leroy et al[39],
(CUPILT study)

21

FCH: 100%,
Treatment experience: 67%

Conti et al[40]

55

Fibrosis F3-F4: 33%,
FCH: 7%

SOF + Daclatasvir ± RBV (n = 13)
SOF + RBV (n = 6)
(24 wk)
SOF + Daclatasvir
(24 wk)

On treatment virological response (%) SVR (%)
95 (12 wk)

-

85 (8 wk)

-

FCH: fibrosing cholestatic hepatitis.

Table 5 Main strategies of interferon-free antiviral combinations in liver transplant candidates and recipients with chronic hepatitis
C virus infection
Antiviral scheme (duration)

Antiviral activity

SOF + RBV (× 12 or 24 wk)
SOF + Simeprevir ± RBV (× 12 or 24 wk)
SOF + Daclatasvir ± RBV (× 12 or 24 wk)
Ledipasvir/SOF ± RBV (× 12-24 wk)
Paritaprevir/Ritonavir/Ombitasvir + Dasabuvir ± RBV (× 12 or 24 wk)
Paritaprevir/Ritonavir/Ombitasvir ± RBV (× 12 or 24 wk)

Genotype 2 or 3 (perhaps 5, 6)
Genotypes 1, 4
Genotypes 1, 3, 4
Genotypes 1, 3, 4, 6
Genotype 1
Genotype 4

SOF: sofosbuvir; RBV: ribavirin.

were non-cirrhotics, while 51, 52 and 9 cases had
Child class A, B, and C cirrhosis, respectively. SVR
rates were higher in non-cirrhotics (96%-98%) and
patients with Child class A cirrhosis (96%) compared
to patients with Child class B (83%-85%) or Child
class C cirrhosis (60%-67%). However, there was no
significant difference between the 12-wk and 24-wk
[20]
treatment arms in each patient subgroup . Similarly,
the combination of sofosbuvir plus daclatasvir with
or without RBV showed good safety and efficacy in
LT recipients with advanced liver disease or severe
fibrosing cholestatic recurrence from HCV genotype 1-4
[39,40]
in small cohort studies
(Table 4).
In a phase Ⅱ study, the combination of parita
previr/ombitasvir plus dasabuvir plus RBV given for
24 wk was evaluated in 34 LT recipients with CHC
genotype 1 and mild to moderate fibrosis (11% with
cholestatic recurrence). All but one patient (97%)
achieved SVR. Immunosuppression dosing was
easily manageable over the study period by reducing
cyclosporine at 20% of the pretreatment total daily
dose and tacrolimus at 0.5 mg once weekly. No graft
loss or episode of rejection was recorded with these
modifications. In addition, the regimen was generally
well tolerated with only one patient discontinuing the
study due to skin rash and anxiety.

of the available DAAs raises discussions and public
health debates about their priorities and optimal use
worldwide, there is no controversy on the use of the
IFN-free regimens in LT candidates and recipients. The
most important remaining clinical dilemma remains
the need for therapeutic intervention in LT candidates
with very advanced liver disease, mostly Child class
C cirrhosis. Given the possible complications and the
frequent use of other medications, the therapeutic
regimens should be carefully selected in this setting.
HCV genotype, liver and renal function and comedications should be always taken into account.
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AIM: To investigate how the saturated and unsaturated
fatty acid composition influences the susceptibility of
developing acute pancreatitis.
METHODS: Primary pancreatic acinar cells were
treated with low and high concentrations of different
saturated and unsaturated fatty acids, and changes in
2+
the cytosolic Ca signal and the expression of protein
kinase C (PKC) were measured after treatment.
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RESULTS: Unsaturated fatty acids at high concen
trations, including oleic acid, linoleic acid, palmitoleic
acid, docosahexaenoic acid, and arachidonic acid,
2+
induced a persistent rise in cytosolic Ca concen
trations in acinar cells. Unsaturated fatty acids at low
concentrations and saturated fatty acids, including
palmitic acid, stearic acid, and triglycerides, at low and
high concentrations were unable to induce a rise in
2+
Ca concentrations in acinar cells. Unsaturated fatty
acids at high concentrations but not saturated fatty
acids induced intra-acinar cell trypsin activation and cell
damage and increased PKC expression.
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CONCLUSION: At sufficiently high concentrations,
unsaturated fatty acids were able to induce acinar cells
injury and promote the development of pancreatitis.
Unsaturated fatty acids may play a distinctive role in
the pathogenesis of pancreatitis through the activation
of PKC family members.
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of HLP is necessary for the development of specific
treatments.
2+
Ca signals in the pancreatic acinar cells are
generated by the second messengers inositol tris
phosphate (IP3), nicotinic acid adenine dinucleotide
phosphate (NAADP) and cyclic ADP-ribose (cADPR).
2+
Ca signals are modulated in a precise spatiotemporal
manner, which is necessary for normal acinar cell
[16]
secretory function . Abnormal, prolonged elevation
2+
[16]
of cytosolic Ca is the critical trigger of pancreatitis .
Abnormal, global, and sustained elevation of cytosolic
2+
Ca signals cause abnormal intracellular enzyme
activation, vacuolization and necrosis, which are
[17,18]
crucial in the initiation of AP
. Another pathological
signal that appears to be linked to AP is the activation
[19]
of protein kinase C (PKC) isoforms . PKC isoforms
have been linked to NF-κB expression and zymogen
[20,21]
activation
. Although the involvement of PKC
isoforms in NF-κB activation by cholecystokinin (CCK)
has been addressed, their roles in the pathogenesis of
HLP have not been thoroughly studied.
A previous study demonstrated that different serum
FFA compositions in patients with AP were related to
[22]
the severity and complications of AP . Unsaturated
fatty acids, mainly linoleic acid, may be involved in
[22]
the development of AP complications . In addition,
palmitoleic acid causes a dose-dependent increase in
[23]
cytosolic calcium concentrations , and oleic acid at
high concentrations induces lactate dehydrogenase
leakage from acinar cells and causes an increase in
[24]
cytosolic calcium concentration . We hypothesized
that triglyceride composition, i.e., the saturated and
unsaturated fatty acid composition, may influence
AP susceptibility in HTG patients. To investigate this
hypothesis, we used primary pancreatic acinar cell
2+
culture to measure the change in cytosolic Ca in
acinar cells after treatment with different saturated
and unsaturated fatty acids. In this study, we also
investigated whether saturated or unsaturated fatty
acids activate PKC isoforms in isolated pancreatic
acinar cells.

Core tip: The mechanism by which severe hypertri
glyceridemia precipitates acute pancreatitis remains
unknown. Abnormal sustained elevated cytosolic
2+
Ca signals, which cause abnormal intracellular
enzyme activation, are crucial in the initiation of
acute pancreatitis. Unsaturated fatty acids at high
concentrations induced a persistent rise in cytosolic
2+
Ca concentrations in acinar cells and caused intraacinar cell trypsin activation and cell damage.
Unsaturated fatty acids at low concentrations and
saturated fatty acids and triglycerides at low and high
2+
concentrations were unable to induce a rise in Ca
concentrations in acinar cells. Unsaturated fatty acids at
high concentrations may play a crucial and distinctive
role in the pathogenesis of hypertriglyceridemic
pancreatitis.
Chang YT, Chang MC, Tung CC, Wei SC, Wong JM. Distinctive
roles of unsaturated and saturated fatty acids in hyperlipidemic
pancreatitis. World J Gastroenterol 2015; 21(32): 9534-9543
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i32/9534.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i32.9534

INTRODUCTION
Hypertriglyceridemia (HTG) is associated with acute
pancreatitis (AP) and is observed in 3%-38% of
[1-6]
patients with AP . HTG is the third-most frequent
[7]
etiology of AP in Taiwan . Although the mortality rate
of hyperlipidemic pancreatitis (HLP) does not differ
from that of AP due to other etiologies, the disease
severity and complication rates of HLP are higher than
[8,9]
those of other forms of AP .
The mechanism by which severe HTG precipitates
AP remains unknown. Havel proposed that pancreatitis
results from toxic injury to the capillary endothelium
and pancreatic acinar cells through the liberation of
[10]
free fatty acids (FFA) by pancreatic lipase . This
hypothesis was supported by experimental studies by
[11]
Saharia et al ; perfusion of the pancreas with FFA
induced edema and hemorrhage of the pancreatic
preparation. FFA has been reported to induce activation
[12]
of trypsinogen and to initiate AP . Furthermore, in AP
animal models, HTG has been shown to contribute to
[13]
and accelerate the inflammatory cascade . Previous
animal studies revealed that HTG can intensify the
[14]
course of AP in rats and impair the hemorheology in
[15]
lipoprotein lipase-deficient mice . However, previous
studies are inconclusive with respect to predicting
which patients with HTG will develop pancreatitis
and why some patients with HTG seldom develop
pancreatitis despite the markedly elevated TG level.
Further research to understand the pathogenesis

WJG|www.wjgnet.com

MATERIALS AND METHODS
Reagents

Most of the chemicals, including cerulein, triglyceride,
palmitic acid, stearic acid, oleic acid, linoleic acid,
palmitoleic acid, docosahexaenoic acid (DHA),
arachidonic acid, caffeine, digitonin, rhodamine
100, bis-(CBZ-L-isoleucyl-L-prolyl-L-arginine amide)
dihydrochloride, and U-73122, were obtained
from Sigma Co Ltd (St Louis, MO, United States).
Xestospongin C was obtained from Calbiochem (EMD
Millipore Corporation, Billerica, MA, United States).
Fura-2 AM was obtained from Invitrogen (Molecular
Probes, Eugene, Oregon, United States). The phosphoPKC antibody sampler kit was obtained from Cell
Signaling (Danvers, MA, United States).
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Isolation of pancreatic acinar cells

excitation wavelength was alternated between 340
and 380 nm every second, and fluorescence intensity
was monitored at an emission wavelength of 510
nm. The signal ratio (340:380) was determined after
autofluorescence correction, and the free intracellular
2+
Ca concentration was calculated.

This study was conducted at the animal facility of
National Taiwan University College of Medicine after
approval by the National Taiwan University College
of Medicine and College of Public Health Institutional
Animal Care and Use Committee (IACUC) (IACUC
Approval No. 20080297). Eight-week-old male BALB/
c mice were used for this study. All animals were
obtained from an inbred population of BALB/c mice
maintained at the animal facility of National Taiwan
University. Pancreatic tissue was aseptically removed
from the BALB/c mice, which were sacrificed humanely
by means of CO2 asphyxiation after overnight fasting.
The pancreatic tissue was dissected free of mesenteric
fat, minced, washed with Hanks balanced salts solution
(HBSS, pH 7.4) with 0.01% soybean trypsin inhibitor
and then incubated with 10 mL 0.05% trypsin and
0.25% EDTA for 5 min at 37 ℃. After centrifugation
at 200 g for 5 min, the tissue was rinsed with F-12K
Nutrient Mixture (Invitrogen/Life Technologies, Cali
fornia, United States) with 1% antibiotics [100 U/ml
penicillin-G, 100 µg/ml streptomycin and 0.25 µg/mL
FUNGIZONE (Gemini Bio-Products)], 5 mg/ml bovine
serum albumin (BSA) and 0.1 mg/ml soybean trypsin
inhibitor. The tissue was centrifuged at 200 g for 5
min, and the pellet was resuspended in 12.5 ml of
digestive solution containing 1 mg/ml collagenase V
(Sigma Chemical Co.) and 0.2 mg/ml BSA in HBSS for
30 min at 37 ℃. The digested tissue was centrifuged
at 200 g for 5 min and resuspended in F-12K medium
with 10% fetal bovine serum (FBS) (Invitrogen/
Life Technologies) twice. The obtained pancreatic
acinar cells were resuspended in F-12K medium with
10% FBS and 100 U/mL penicillin-G, 100 µg/mL
streptomycin and 0.25 µg/mL FUNGIZONE (Gemini
Bio-Products) at 37 ℃ in an atmosphere of 5% CO2
and 95% air.

Inhibition analysis

For pharmacological analysis, we added caffeine (20
mmol/L), xestospongin C (10 µmol/L), and U-73122
(10 µmol/L) to the cells for 5 min before adding
different fatty acids as inhibitors; this allowed us to
delineate the targets of the different fatty acids in the
calcium signaling pathway of the acinar cells.

Measurement of trypsin activity

The acinar cells were loaded with 10 µmol/L rhodamine
110 bis-(CBZ-L-isoleucyl-L-prolyl-L-arginine amide)
dihydrochloride (BZiPAR) at 37 ℃ for 60 min, which
is a specific substrate for the serine protease trypsin
that becomes fluorescent after cleavage of the two
oligopeptide side chains. Activation can be observed
by fluorescence of rhodamine 110 at an excitation
wavelength of 485 nm. To ensure that the tryptic
activity observed was from intracellular enzymes only
and not from trypsin released into the extracellular
fluid, the cells for these experiments were prepared in
solution containing 5 µmol/L soybean trypsin inhibitor.
The localization of the trypsin activity was investigated
by confocal microscopy (Zeiss, LSM510, Germany).

Preparation of protein extracts and western blot analysis

After treatment with different saturated or unsaturated
fatty acids for 30 min, the pancreatic acinar cells were
lysed on ice in TM buffer and a cocktail of protease
inhibitors (Biochain Newark, United States). The
protein concentration of the extracts was determined
using the Bio-Rad protein assay (Bio-Rad Laboratories,
Hercules, CA). Equal amounts of protein were
fractionated by 10% SDS-PAGE and electrophoretically
transferred to nitrocellulose membranes. The
membranes were blocked with Tris-buffered saline
supplemented with 5% nonfat dry milk and antibodies
against phospho-PKC-α, -δ, -ε, and -ζ (1:1,000
dilution each) for 1 h at room temperature. The
membranes were incubated with secondary antibodies
conjugated with horseradish peroxidase for 1 h at
room temperature. The blots were developed using
an enhanced chemiluminescence detection kit (Pierce,
Thermo SCIENTIFIC, Rockford, United States).

Cytosolic Ca2+ concentrations in pancreatic acinar cells
treated with unsaturated and saturated fatty acids

Freshly isolated mouse pancreatic acinar cells were
loaded with 2.5 µmol/L fura-2/AM in loading buffer
containing 140 mmol/L NaCl, 5 mmol/L KCl, 1 mmol/L
MgCl2, 1 mmol/L CaCl2, 10 mmol/L HEPES, 0.1%
BSA and 0.2% glucose (pH 7.4) for 30 min at room
temperature. The cell suspension was washed twice
and resuspended in loading buffer. The cells were
aliquoted into cuvettes in loading buffer containing
1000 mg/dL triglyceride, 10 nmol/L cerulein, saturated
fatty acids (0.1 mmol/L palmitic acid and 1.0 mmol/L
stearic acid) or unsaturated fatty acids (0.1 mmol/L or
1.0 mmol/L of the following: oleic acid, linoleic acid,
palmitoleic acid, DHA, or arachidonic acid). To dissolve
the fatty acids, 0.25% chloroform was added to the
buffer. Fluorescence was recorded in a mechanically
stirred cuvette using an S L M ◎ A M I N C O - 8 1 0 0
spectrophotofluorometer (Spectronic Instruments,
2+
Rochester, NY). For measurements of [Ca ], the

WJG|www.wjgnet.com

RESULTS
Unsaturated fatty acids rather than saturated fatty
acids induced sustained elevation of cytosolic Ca2+
concentrations in acinar cells

In our experimental acinar cell model, we observed
that high concentrations (1 mmol/L) of unsaturated
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fatty acids, including oleic acid, linoleic acid, palmitoleic
acid, DHA, and arachidonic acid, induced a persistent
2+
rise in cytosolic Ca concentrations in acinar cells. This
rise was similar to that observed with supra-maximal
concentrations of CCK in isolated pancreatic acinar cells
(Figure 1A-C). However, neither low concentrations
(0.1 mmol/L) of unsaturated fatty acids, including
oleic acid, linoleic acid, palmitoleic acid, DHA, and
arachidonic acid, nor low nor high concentrations of
saturated fatty acids, including palmitic acid and stearic
2+
acid, were able to induce a rise in Ca concentrations
in acinar cells (Figure 1B-D). The elevation of cytosolic
2+
Ca concentrations in acinar cells was dose-dependent
on the ratio of unsaturated/saturated fatty acids (Figure
1E-G). High concentrations of triglycerides initially did
2+
not cause a rise in cytosolic Ca concentrations in
acinar cells; however, after long-term incubation with
2+
high concentrations of triglycerides, the cytosolic Ca
concentration in the acinar cells gradually increased
(Figure 1H). All experiments were repeated at least
three times with the same results.

is the premature intracellular activation of trypsinogen
within pancreatic acinar cells. This activation requires a
2+
[16]
rise in cytosolic Ca from intracellular compartments .
A previous study reported that different serum FFA
compositions in patients with AP were related to the
[22,25]
severity and complications of AP
. Unsaturated
fatty acids, mainly linoleic acid, may be involved
[22]
in the development of complications of AP . In
addition, palmitoleic acid causes a dose-dependent
[23]
increase in cytosolic calcium concentrations ,
and high concentrations of oleic acid induce lactate
dehydrogenase leakage from acinar cells as well as an
[24]
increase in cytosolic calcium concentrations . Our data
demonstrate for the first time that high but not low
concentrations of unsaturated fatty acids and neither
high nor low concentrations of saturated fatty acids
2+
induced an elevation of cytosolic Ca concentrations in
acinar cells as well as intra-acinar cell trypsin activation,
cell damage and death. This elevation of cytosolic
2+
Ca concentrations in acinar cells is dose-dependently
related to the ratio of unsaturated/saturated fatty
acids. Triglycerides are unable to induce a rise in
2+
cytosolic Ca concentrations in acinar cells. These
results indicate that triglycerides cannot induce an
attack of AP. Only when triglycerides are hydrolyzed by
lipase into FFAs and the concentration of unsaturated
fatty acids is sufficiently high do acinar cells become
injured, thereby resulting in pancreatitis. These results
provide a potential explanation for why only a portion
of HTG patients develop HLP clinically. High levels of
unsaturated fatty acids may play a crucial role in the
pathogenesis of HLP.
2+
In pancreatic acinar cells, Ca release from
the endoplasmic reticulum (ER) is mediated by IP3,
cADPR and NAADP and primarily occurs through
the activation of inositol trisphosphate receptors
[16]
(IP3Rs) and ryanodine receptors (RyRs) . Caffeine
and xestospongin C exhibit inhibitory effects on
IP3Rs on the ER membranes of calcium stores, and
U-73122 inhibits the hydrolysis of PPI to IP3. However,
pretreatment of acinar cells with these inhibitors failed
2+
to block the persistent elevation of cytosolic Ca
observed in acinar cells exposed to high concentrations
of unsaturated fatty acids. These results imply that
2+
the elevation of cytosolic Ca concentrations in acinar
cells induced by high concentrations of unsaturated
fatty acids does not occur through activation of IP3Rs.
[26]
Criddle et al
reported that the unsaturated fatty
acid palmitoleic acid can elicit prolonged elevation
2+
of the global cytosolic Ca concentrations and that
this elevation cannot be inhibited by IP3 receptor
blockade, largely due to the inhibition of mitochondrial
ATP production. The mechanism by which unsaturated
2+
fatty acids induce pathological Ca release in acinar
cells from the ER or other acidic stores requires further
investigation.
Several studies have demonstrated that PKC
isoforms modulate pathological secretion during AP

Inhibition assay

Unsaturated fatty acids at high concentrations induced
2+
a persistent rise in cytosolic Ca concentrations in
acinar cells, similar to that observed with CCK, but
this process was not inhibited by the IP3R antagonists
caffeine, xestospongin C or U-73122, which inhibit the
hydrolysis of PPI to IP3 (Figure 2).

Unsaturated fatty acids induced intra-acinar cell trypsin
activation

High but not low concentrations of unsaturated fatty
acids induced intra-acinar cell trypsin activation, as
observed with CCK, whereas neither low nor high
concentrations of saturated fatty acids were able to
induce this activation and subsequent cell damage and
death (Figure 3).

Unsaturated fatty acids induced the expression of PKC
isoforms in acinar cells

Treatment of acinar cells with high concentrations of
fatty acids, induced the expression of PKC-α, -δ, and
-ε. This effect was strongest upon treatment with
oleic acid, linoleic acid, palmitoleic acid, DHA, and
arachidonic acid and weaker with palmitic acid and
stearic acid (Figure 4). PKC-ζ expression was only
induced by DHA and arachidonic acid (Figure 4).

DISCUSSION
The mechanism by which HTG leads to pancreatitis is
not well understood, and it is difficult to predict which
hyperlipidemic patients are likely to develop an episode
of pancreatitis. Hydrolysis of triglycerides by pancreatic
lipase with localized release of large quantities of FFAs
has been proposed to be the pathogenic mechanism by
which HTG causes pancreatitis. An early feature of AP
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Figure 1 Effects of unsaturated and saturated fatty acids on cytosolic Ca2+ concentrations in acinar cells. A: A 0.25% chloroform and 10 nmol/L cerulein
solution was used as the control; B: A high concentration (1.0 mmol/L) of the unsaturated fatty acid palmitoleic acid, but not of the saturated fatty acid palmitic acid,
induced a sustained cytosolic Ca2+ elevation; C: Various unsaturated fatty acids and saturated fatty acids at low concentrations (0.1 mmol/L) did not induce sustained
cytosolic Ca2+ elevations; D: Various unsaturated fatty acids at high concentrations (1.0 mmol/L), but not saturated fatty acids, induced sustained cytosolic Ca 2+
elevations. The effects of different ratios of unsaturated fatty acids and saturated fatty acids on the elevation of cytosolic Ca2+ concentrations: linoleic acid and palmitic
acid (E), palmitoleic acid and palmitic acid (F), and oleic acid and palmitic acid (G); H: High concentrations (1000 mg/dL) of triglycerides did not induce the elevation of
cytosolic Ca2+ concentrations.
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Figure 2 Inhibition of IP3R did not prevent the elevation of cytosolic Ca2+ concentrations in acinar cells induced by unsaturated fatty acids: caffeine (A),
xestospongin C (B), and U-73122 (C).
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Figure 3 Unsaturated fatty acids at high concentrations (1.0 mmol/L), but not saturated fatty acids, induced intra-acinar cell trypsin activation and cell
damage observed by confocal microscopy: CCK (A), palmitic acid (B), and palmitoleic acid (C).
B

SA

PA

POA

OA

LOA

DHA

[32]

expression in pancreatic acinar cells . The initiation of
AP requires both zymogen activation and the retention
of active enzymes in acinar cells. Fatty acids have been
shown to increase PKC activity in HTG and AP animal
[33]
models . In our study, we found that unsaturated
fatty acids at high concentrations upregulated the
expression of the PKC isoforms PKC-α, PKC-δ, PKC-ε
and atypical PKC-ζ in mouse pancreatic acinar cells.
Previous studies reported that supraphysiological
concentrations of CCK cause activation of the novel
PKC isoforms δ and ε and the atypical PKC isoform
[34]
ζ as well as the activation of NF-κB . Unsaturated
fatty acids at high concentrations have a similar effect
to that of CCK at supraphysiological concentrations
with respect to the activation of PKC-α, -δ and -ζ,
implying that HLP may be triggered by unsaturated
fatty acids and through the activation of specific
[35]
isoforms of PKC. In a recent study, Cui et al
reported that FFAs induced ER stress by enhancing
2+
Ca influx in pancreatic β cells, which contributed
to β cell dysfunction and cell apoptosis. In addition,
in an arginine model of experimental AP, ER stress
sensing and signaling mechanisms were reported to
be activated in acinar cells early in the development
[36]
of AP . Furthermore, HTG was reported to aggravate
[37]
ER stress . Further studies of the roles and effects of
unsaturated fatty acids at high concentrations in key
pathogenic cellular events, such as calcium release
from acidic stores, mitochondrial dysfunction, ER
stress, autophagy, impaired trafficking, and lysosomal

AA

pPKCα

pPKCδ
pPKCε

pPKCζ

b-actin

Figure 4 Effects of unsaturated fatty acids at high concentrations (1.0
mmol/L) on protein kinase C isoform expression in acinar cells as
detected by western blot. B: Blank; SA: Stearic acid; PA: Palmitic acid; POA:
Palmitoleic acid; OA: Oleic acid; LA: Linoleic acid; DHA: Docosahexaenoic acid;
AA: Arachidonic acid.

and also regulate the expression of inflammatory
[19,20,27]
mediators
. In pancreatic acinar cells, the
conventional PKC-α, the novel PKC-δ and -ε and
[28]
the atypical PKC-ζ isoforms have been identified .
PKC-δ has been shown to participate in premature
zymogen activation within pancreatic acinar cells and
in activation of the transcription factor NF-κB during
[19,29]
experimental pancreatitis
. PKC-δ is activated
and translocated to the plasma membrane and
[30]
participates in amylase secretion , regulates protease
[31]
activation
and modulates inflammatory molecule
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and secretory responses in AP are needed.
In conclusion, our in vitro results provide an
explanation for the clinical observation that only a
portion of HTG patients develop AP and that some
patients with HTG seldom develop pancreatitis despite
marked elevation of triglyceride level. Triglycerides
were unable to induce an attack of AP. Only when
triglycerides are hydrolyzed by lipase into FFAs and the
concentration of unsaturated fatty acids is sufficiently
high do acinar cells become injured, thereby resulting
in pancreatitis. Unsaturated fatty acids may play a
distinctive role in the pathogenesis of HLP through the
activation of PKC family members. Further analysis of
the composition of unsaturated/saturated fatty acids
in acute phase sera of patients with HLP are needed.
In addition, consumption of food containing different
types of fat might be a strategy to reduce the risk of
the development of AP in HTG patients.

4

5
6
7

8

9

COMMENTS
COMMENTS

10

Background

Hypertriglyceridemia (HTG) is the third-most frequent etiology of acute
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ORIGINAL ARTICLE
Basic Study

Establishment of a hepatic cirrhosis and portal hypertension
model by hepatic arterial perfusion with 80% alcohol
Lei Wang, Fu-Liang He, Fu-Quan Liu, Zhen-Dong Yue, Hong-Wei Zhao

Abstract

Lei Wang, Fu-Liang He, Fu-Quan Liu, Zhen-Dong Yue,
Hong-Wei Zhao, Department of Interventional Therapy, Beijing
Shijitan Hospital, Capital Medical University, Beijing 100038,
China

AIM: To determine the feasibility and safety of
establishing a porcine hepatic cirrhosis and portal
hypertension model by hepatic arterial perfusion with
80% alcohol.

Author contributions: Wang L and He FL contributed equally
to this study; Liu FQ designed the research; Wang L performed
the research; He FL contributed new reagents or analytic tools;
Zhao HW analyzed the data; and Wang L wrote the paper.

METHODS: Twenty-one healthy Guizhou miniature
pigs were randomly divided into three experimental
groups and three control groups. The pigs in the
three experimental groups were subjected to hepatic
arterial perfusion with 7, 12 and 17 mL of 80% alcohol,
respectively, while those in the three control groups
underwent hepatic arterial perfusion with 7, 12 and
17 mL of saline, respectively. Hepatic arteriography
and direct portal phlebography were performed on
all animals before and after perfusion, and the portal
venous pressure and diameter were measured before
perfusion, immediately after perfusion, and at 2, 4
and 6 wk after perfusion. The following procedures
were performed at different time points: routine blood
sampling, blood biochemistry, blood coagulation and
blood ammonia tests before surgery, and at 2, 4 and 6
wk after surgery; hepatic biopsy before surgery, within
6 h after surgery, and at 1, 2, 3, 4 and 5 wk after
surgery; abdominal enhanced computed tomography
examination before surgery and at 6 wk after surgery;
autopsy and multi-point sampling of various liver lobes
for histological examination at 6 wk after surgery.
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RESULTS: In experimental group 1, different degrees
of hepatic fibrosis were observed, and one pig
developed hepatic cirrhosis. In experimental group 2,
there were cases of hepatic cirrhosis, different degrees
of increased portal venous pressure, and intrahepatic
portal venous bypass, but neither extrahepatic portalsystemic bypass circulation nor death occurred. In
experimental group 3, two animals died and three

Received: January 25, 2015
Peer-review started: January 26, 2015
First decision: March 10, 2015
Revised: April 27, 2015
Accepted: July 3, 2015
Article in press: July 3, 2015
Published online: August 28, 2015

WJG|www.wjgnet.com

9544

August 28, 2015|Volume 21|Issue 32|

Wang L et al . Hepatic cirrhosis and portal hypertension model

animals developed hepatic cirrhosis, and different
degrees of increased portal venous pressure and
intrahepatic portal venous bypass were also observed,
but there was no extrahepatic portal-systemic bypass
circulation.

cirrhosis and portal hypertension model through
hepatic arterial perfusion with alcohol, which accurately
reproduced the pathophysiological development
process similar to that occurring in humans. The study
results are reported below.

CONCLUSION: It is feasible to establish an animal
model of hepatic cirrhosis and portal hypertension by
hepatic arterial perfusion with 80% alcohol, however,
the safety of this model depends on a suitable
perfusion dose.

MATERIALS AND METHODS
Materials

A total of 21 healthy Guizhou miniature pigs (male
and female, 3-mo-old, 30-35 kg) were randomly
assigned to six groups: experimental group 1 (n =
5), experimental group 2 (n = 5), experimental group
3 (n = 5), control group 1 (n = 2), control group 2
(n = 2) and control group 3 (n = 2). An intravenous
channel was established via ear vein puncture, and an
injection of propofol (Xi’an Libang Pharmaceuticals Co.,
Ltd., China) 2.5-3.5 mg/kg was used for combined
anesthesia.

Key words: Alcohol; Hepatic arterial perfusion; Hepatic
cirrhosis; Portal hypertension; Animal model
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We successfully established a porcine
hepatic cirrhosis and portal hypertension model by
hepatic arterial perfusion with 80% alcohol. The
model accurately reproduced the pathophysiological
development process similar to that occurring in
humans.

Surgical procedure

Percutaneous puncture of the porcine femoral artery
or the external iliac artery was successfully performed
using the Seldinger method under general anesthesia.
A 5F or 6F arterial sheath (Avanti+, Cordis) was
applied, followed by insertion of a 4F Cobra or hepatic
catheter (Cordis, Miami, FL, United States) via the
arterial sheath. Finally, one-step percutaneous portal
vein puncture was successfully performed using a
hepatic puncture needle (Angiotech, Vancouver, BC,
Canada), followed by insertion of a 6F multi-sidehole
pigtail catheter (Drainage Catheter-Locking Pigtail,
Angiotech) into the portal vein, with its exposed part
subcutaneously fixed into the lateral abdominal wall
of the pig. Animals in the three experimental groups
were perfused with 7, 12 and 17 mL of 80% alcohol
(Beijing ZhenYuMinSheng Pharmaceutical Co., Ltd,
Beijing, China), respectively, prepared using saline,
via the common hepatic artery (the catheter was
delivered avoiding the cystic and gastroduodenal
arteries), while the animals in the three control groups
were subjected to hepatic arterial perfusion with 7,
12 and 17 mL of saline, respectively. Before and after
perfusion, hepatic arteriography was performed by
means of DSA SimenziArtis using 9-15 mL Ultravist
370 (Bayer, Leverkusen, Germany) at 3 mL/s and
15 frames/s. Before perfusion, immediately after
perfusion, and at 2, 4 and 6 wk after perfusion,
portal phlebography was performed using 10-15
mL Ultravist 370 at 10 mL/s and 15 frame/s, and
the portal venous pressure and diameter were then
measured. If direct portal vein puncture failed,
indirect portal phlebography was performed via the
splenic artery using 10-15 mL Ultravist 370 at 2 mL/s
and 15 frames/s, and the location of the portal vein
was marked simultaneously, and direct portal vein
puncture was performed thereafter with reference to
this location. The following procedures were performed
at different time points: routine blood sampling,

Wang L, He FL, Liu FQ, Yue ZD, Zhao HW. Establishment of
a hepatic cirrhosis and portal hypertension model by hepatic
arterial perfusion with 80% alcohol. World J Gastroenterol 2015;
21(32): 9544-9553 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i32/9544.htm DOI: http://dx.doi.
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INTRODUCTION
Hepatic cirrhosis is most commonly caused by viral
[1]
hepatitis and alcohol abuse ; the 5- and 10-year
survival rates of patients with compensated hepatic
cirrhosis are 84% and 68%, respectively, while
the 5-year survival rate of decompensated hepatic
[2]
cirrhosis is only 14% . According to the World Health
Organization (WHO), about 800000 patients die of
[3]
hepatic cirrhosis each year worldwide . Thus, in
order to develop new strategies for the diagnosis and
treatment of hepatic cirrhosis, it is essential, despite
being a major challenge, to establish large animal
models similar to humans, which are applicable in
all-round research, especially models of hepatic
cirrhosis for application in surgery, intervention and
pharmaceutical research. Currently, the following
methods are widely used to establish animal models
of hepatic cirrhosis or portal hypertension: carbon
tetrachloride (CCl4); thioacetamide; surgical prehepatic
portal ligation; and combinations of these methods.
However, no approach is capable of fully simulating
the entire pathophysiological process most frequently
involved in the occurrence and development of
[4]
posthepatitic and alcoholic cirrhosis . In the present
study, we successfully established a porcine hepatic
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A

B

Figure 1 Hepatic artery variation. A: Hepatic arteriography of experimental group 2 before perfusion showed good distribution of hepatic arteries and their branches;
B: After hepatic arterial perfusion in experimental group 2, small peripheral branches of hepatic arteries were significantly reduced compared with before perfusion.

biochemistry (liver function), blood coagulation and
blood ammonia tests before surgery, and at 2, 4 and
6 wk after surgery; and multi-site, multi-point hepatic
biopsies before surgery, within 6 h after surgery, and
at 1, 2, 3, 4, and 5 wk after surgery (hepatic tissues
collected by biopsy were subjected to pathological
examination and METAVIR scoring). The METAVIR
scoring criteria were as follows: 0 = no fibrosis; 1
= fibrosis without septum; 2 = fibrosis with a few
septa; 3 = bridging fibrosis with numerous septa; 4
= cirrhosis. Abdominal enhanced CT examination was
performed before surgery, and at 6 wk after surgery;
and autopsy was conducted at 6 wk after surgery.
The liver, spleen, esophagus, stomach, heart, lungs
and kidneys were removed at autopsy and then fixed
with 10% formalin for pathological examination. Multipoint histological samples of various liver lobes were
obtained and evaluated by the following methods:
firstly, samples were stained with hematoxylin, eosin
and Masson’s trichrome stain, followed by observation
under light microscope; and secondly, the degree of
hepatic fibrosis was classified into levels 0 to 4 using
image analysis software (0, no fibrosis; 1, < 10%
fibrosis; 2, 10%-20% fibrosis; 3, 21%-50% fibrosis;
4, ≥ 51% fibrosis). And 1000 mg of cefminox sodium
(BBCA Pharmaceutical, Hefei, China) was injected
intravenously during surgery, 0.5 mg cefadroxil
tablets (Qingyuan Huaneng Pharmaceutical Co., Ltd.,
Guangdong, China) were orally administered at a
dose of 1 tablet/day for 2 wk, commencing 12 h after
surgery, and enteric-coated aspirin tablets (Bayer)
were orally administered at a dose of 100 mg/d for 6
wk for post-operative anticoagulation.

RESULTS
Imaging findings

Hepatic arteriography: Before and after perfusion,
there were no significant vascular changes in three
pigs from experimental group 1 or in any of the pigs
from the control groups. After perfusion, a slight
decrease in peripheral branches of the hepatic artery (<
level 4) was observed in two pigs from experimental
group 1 and in one pig from experimental group 2,
while there was a marked reduction in peripheral
branches of the hepatic artery (< level 3) in four
pigs from experimental group 2 and all pigs from
experimental group 3 (Figure 1A, B).
Changes in the portal vein: Immediately after
perfusion, no changes in portal venous branches
were observed in three animals from experimental
group 1 or in any of the pigs from the control groups,
while a slight decrease in portal venous branches (<
level 4) was found in two animals from experimental
group 1. In all animals in experimental groups 2 and
3, a significant reduction in portal venous branches
(< level 3) (Figure 2A, B) was observed. In addition,
a widened portal venous diameter (t2 = 9.679, P =
0.001; t3 = 17.800, P = 0.0001) and an increased
portal venous pressure (t2 = 16.808, P = 0.0001; t3
= 13.431, P = 0.0002) were found. Two weeks after
perfusion, different degrees of bypass branches of the
intrahepatic portal vein were found in the experimental
groups during the observation period (Figure 2C). The
main portal venous diameter also varied significantly,
and was still greater at 6 wk after perfusion than
before perfusion (t2 = 4.007, P = 0.016; t3 = 2.870,
P = 0.028). At this time point, the portal venous
pressure was higher than that before perfusion (t2 =
3.586, P = 0.023; t3 = 3.927, P = 0.008) (Tables 1, 2).
Before and after perfusion, no significant changes in
portal venous diameter or pressure were observed in
experimental group 1 or the control groups (diameter:

Statistical analysis

SPSS 17.0 software was used for statistical analyses.
The t-test was employed for comparison of quantitative
2
data, and either the χ test or Fisher’s exact test was
used for comparison of qualitative data. A P-value <
0.05 was considered statistically significant.

WJG|www.wjgnet.com

9546

August 28, 2015|Volume 21|Issue 32|

Wang L et al . Hepatic cirrhosis and portal hypertension model

A

B

C

Figure 2 Portal vein variation. A: Direct portal phlebography of experimental group 2 before perfusion showed the portal venous branches clearly; B: Portal
phlebography immediately after perfusion showed a significant reduction in small portal venous branches and a widened main portal vein; C: Portal phlebography at 6
wk after perfusion showed that a large number of irregular bypass branches of intrahepatic portal veins were formed, which communicated directly with hepatic veins,
and the main portal vein was still wider than that before perfusion.

Table 1 Changes of portal vein in experimental group 2
before and after perfusion

Table 2 Changes of portal vein in experimental group 3
before and after perfusion

Portal venous diameter
(mm)

Portal venous diameter
(mm)

Before perfusion (n = 5)
1
1
1
1
1
mean ± SD
Immediately after
perfusion (n = 5)
1
1
1
1
1
mean ± SD
2 wk after perfusion (n = 5)
1
1
1
1
1
mean ± SD
4 wk after perfusion (n = 5)
1
1
1
1
1
mean ± SD
6 wk after perfusion (n = 5)
1
1
1
1
1
mean ± SD

Pressure
(kPa)

Extrahepatic
portal venous
bypass

Intrahepatic
portal venous
bypass

10.3
9.8
11.4
12.2
10.0
10.74 ± 1.02

1.4
1.5
1.4
1.6
1.5
1.48 ± 0.84

------

18.2
17.1
20.2
16.7
18.4
18.12 ± 1.37

2.5
2.7
2.6
2.9
2.4
2.62 ± 0.19

------

13.6
12.7
14.5
13.3
12.9
13.40 ± 0.71

1.8
2.1
2.0
2.4
1.9
2.04 ± 0.23

--+
-+
--+

12.3
11.8
14.1
13.1
11.7
12.60 ± 1.00

1.6
1.9
1.5
2.1
1.7
2.04 ± 0.23

-+
-+
-+
-+
-+

11.5
11.9
16.1
16.5
11.8
13.56 ± 2.51

1.7
1.8
1.4
2.1
1.9
1.78 ± 0.26

-+
-+
-+
-+
-+

Before perfusion (n = 5)
1
1
1
1
1
mean ± SD
Immediately after perfusion
(n = 5)
1
1
1
1
1
mean ± SD
2 wk after perfusion (n = 4)
1
1
1
1
mean ± SD
4 wk after perfusion (n = 3)
1
1
1
mean ± SD
6 wk after perfusion (n = 3)
1
1
1
mean ± SD

Extrahepatic Intrahepatic
portal venous portal venous
bypass
bypass

9.5
10.3
11.5
9.8
12.4
10.70 ± 1.22

1.2
1.6
1.4
1.3
1.5
1.40 ± 0.16

------

19.4
18.6
21.1
17.9
19.7
19.34 ± 1.21

3.1
3.3
3.5
2.8
2.9
3.12 ± 0.29

------

14.2
15.4
16.3
16.6
15.80 ± 3.66

2.4
2.6
2.8
2.6
2.60 ± 0.16

-+
-+
--+

11.4
16.5
17.9
15.63 ± 1.08

2.2
1.8
2.1
2.03 ± 0.21

-+
-+
-+

11.6
18.3
17.5
15.27 ± 3.36

2.1
1.7
1.9
1.90 ± 0.20

-+
-+
-+

Changes in liver size and spleen size: A computed
tomography scan revealed no significant changes
in liver size and spleen size in experimental group
1 and the control groups (tliver = 0.740, P = 0.468;
tspleen = 0.597, P = 0.557). At 6 wk after perfusion,
both liver size and spleen size in all animals of
experimental group 2 and the three surviving animals

t1 = 2.269, P = 0.086; tcontrol = 2.236, P = 0.076)
(pressure: t1 = 0.885, P = 0.426; tcontrol = 0, P = 1.0)
(Tables 3, 4).
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Table 3 Changes of portal vein in experimental group 1
before and after perfusion
Portal venous diameter
(mm)
Before perfusion (n = 5)
1
1
1
1
1
mean ± SD
Immediately after
perfusion (n = 5)
1
1
1
1
1
mean ± SD
2 wk after perfusion (n = 5)
1
1
1
1
1
mean ± SD
4 wk after perfusion (n = 5)
1
1
1
1
1
mean ± SD
6 wk after perfusion (n = 5)
1
1
1
1
1
mean ± SD

Pressure
(kPa)

Table 4 Changes of portal vein in control groups before and
after perfusion

Intrahepatic
Extrahepatic
portal venous portal venous
bypass
bypass

10.5
10.3
10.6
11.4
10.2
10.60 ± 0.47

1.5
1.7
1.7
1.6
1.6
1.62 ± 0.84

------

10.5
10.8
10.9
11.4
10.5
10.82 ± 0.37

1.6
1.9
1.6
1.5
1.8
1.68 ± 0.16

------

11.0
10.6
11.1
10.9
11.2
10.98 ± 0.23

1.7
1.8
1.7
1.7
1.6
1.70 ± 0.07

------

11.3
10.4
10.7
11.6
11.5
11.10 ± 0.52

1.6
1.9
1.5
1.5
1.8
1.66 ± 0.18

------

11.7
11.1
10.3
11.0
11.4
15.27 ± 3.36

1.6
1.8
1.4
1.6
1.8
1.64 ± 0.17

------

Portal venous diameter
(mm)
Before perfusion (n = 6)
1
1
1
1
1
1
mean ± SD
Immediately after perfusion
(n = 6)
1
1
1
1
1
1
mean ± SD
2 wk after perfusion (n = 5)
1
1
1
1
1
1
mean ± SD
4 wk after perfusion (n = 6)
1
1
1
1
1
1
mean ± SD
6 wk after perfusion (n = 6)
1
1
1
1
1
1
mean ± SD

of experimental group 3 were greater than those
before perfusion (tliver = 2.312, P = 0.036; tspleen = 2.209,
P = 0.044), whilst maintaining a uniform density and
regular edges (Figure 3A, B and Figure 4A, B) (Table 5).

Extrahepatic Intrahepatic
portal venous portal venous
bypass
bypass

10.3
10.1
10.7
10.2
9.6
9.9
10.13 ± 0.37

1.3
1.7
1.5
1.8
1.5
1.6
1.57 ± 0.18

-------

10.3
10．2
10.7
10.3
9.7
10.2
10.24 ± 0.32

1.4
1.6
1.5
1.8
1.6
1.5
1.57 ± 0.14

-------

10.1
10.3
10.4
10.6
9.9
10.3
10.27 ± 0.24

1.7
1.8
1.7
1．7
1.6
1.7
1.62 ± 0.12

-------

10.4
10.5
10.4
10.8
9.8
10.6
10.42 ± 0.34

1.4
1.7
1.6
1.7
1．5
1.6
1.58 ± 0.12

-------

10.6
10.3
10.2
10.6
10.1
10.4
10.37 ± 0.21

1.6
1.8
1.5
1.6
1.7
1.7
1.65 ± 0.10

-------

pathological changes such as endothelial injury,
hepatocyte degeneration and necrosis (Figure 5B),
and inflammatory cell infiltration were also observed.
This was followed by the development of hepatic
fibrosis as time increased. In experimental group 1,
hepatic tissues had different degrees of fibrosis after
surgery, up to level 4 (partial liver lobes), and one
animal developed cirrhosis at 6 wk after perfusion,
but did not die. In experimental group 2, all animals
developed fibrosis postoperatively, with an increase
in fibrosis level over time (Figure 5C). Fibrosis of the
various liver lobes reached level 4, and developed into
cirrhosis at different time points (Figure 5D), and the
animals survived. In experimental group 3, one animal
died at 1 wk and one died at 3 wk after surgery, and
the remaining three animals developed different levels
of fibrosis at different time points, which eventually

Laboratory examination results

At 2 wk after perfusion, a slight increase in amino
transferase was observed in one animal from experi
mental group 1, all animals from experimental group
2 and the three surviving animals from experimental
group 3, while other laboratory examination results were
normal. Before perfusion and at 4 wk and 6 wk after
perfusion, all laboratory examination results were within
normal ranges in all animals from experimental group
2 and the control groups, as well as the three surviving
animals from experimental group 3.

Pathological changes

Pathological changes in the liver: After perfusion
with 80% alcohol, thrombi formed in miniature and
small hepatic blood vessels (Figure 5A), and early
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A

B

Figure 3 Liver size variation. A: Computed tomography of experimental group 2 before perfusion demonstrating normal liver size; B: At 6 wk after perfusion, liver
size was markedly increased.

A

B

Figure 4 Spleen size variation. A: Computed tomography of experimental group 2 before perfusion demonstrating normal spleen size and the spleen was thin and
curled; B: At 6 wk after perfusion, spleen size was markedly increased; the spleen was not curled and extended into the hepatic fissure.

from experimental group 2 and the three surviving
animals from experimental group 3 (Figure 7A). One
animal from experimental group 2 and one animal
from experimental group 3 had mild varicose veins on
the stomach surface (Figure 7B).

Table 5 Changes of liver size and spleen size in experimental
group 1 (5 pigs), experimental group 2 (5 pigs),
experimental group 3 (3 pigs) and control groups (6 pigs)
before perfusion and at 6 wk after perfusion

Experimental groups 2 + 3
Before perfusion
6 wk after perfusion
Experimental group 1 +
control groups
Before perfusion
After perfusion

Liver size
3
(cm )

Spleen
3
(cm )

Avoirdupois
(kg)

508 ± 67
589 ± 73

113 ± 38
159 ± 46

32.9 ± 3.8
40.7 ± 3.5

479 ± 85
504 ± 73

102 ± 47
111 ± 39

33.8 ± 2.9
39.5 ± 3.5

DISCUSSION
Many methods have been used to establish a hepatic
[5,6]
[7]
cirrhosis model, such as CCl4 , thioacetamide ,
[8]
[9]
chemical carcinogen induction , alcohol , biliary
[6,10,11]
[12]
obstruction
, dystrophy induction , schistosome
[13]
[14]
induction , and immunological mediation . These
modeling methods are mainly applicable to the
following administration modes: oral administration,
inhalation, subcutaneous injection, and intraperitoneal
injection. They all require drug absorption followed
by entry into various body systems, which tends
to damage not only the liver, but also other tissues
and organs, and more importantly, may even cause
animal death. The dead animals may further result
in environmental pollution. In addition, rats or mice
are used as experimental animals in most cases,
which have a small blood volume and therefore
cannot undergo several serological tests and imaging
examinations. Rats or mice have a small body size and

reached level 4 and rapidly progressed to cirrhosis. A
gross sample of cirrhotic liver was characterized by an
increase in size, hardened tissues, decreased elasticity
(Figure 6A, B), and small nodules uniformly distributed
on the surface (Figure 6C). There was no change in
fibrosis in any of the control animals (Table 6).
Pathological changes in other organs: The heart,
lungs, kidneys and stomach of pigs in experimental
group 1 and the control groups were all histologically
normal. The spleen had different degrees of congestion
in one animal from experimental group 1, all animals
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A

B

C

D

Figure 5 Pathological variation. A: Within 6 h after perfusion in experimental group 2, thrombosis was evident in interlobular veins; B: At 2 wk after perfusion
in experimental group 2, irregular, massive hepatocyte degeneration and necrosis were observed; C: At 4 wk after perfusion in experimental group 2, bile duct
proliferation and dilation were evident; D: At 6 wk after perfusion in experimental group 2, pseudo-lobules formed with fibrous tissue proliferation and bridging fibrosis.
Hematoxylin-eosin staining, magnification × 40 (A); × 200 (B-D).

A

C

B

Figure 6 Gross sample of cirrhotic liver. A, B: At 6 wk after perfusion in experimental group 2, gross samples of diaphragmatic and ventral liver showed that
hepatic tissues were hard and had poor elasticity, and various liver lobes were enlarged; C: Local amplification of the gross sample showed that there were relatively
uniform regenerative nodules on the liver surface.

thus relatively small blood vessels, and when used
as experimental animals, it is difficult to determine
the changes in the portal vein. In addition, surgical
procedures are complicated on such small animals,
along with intervention, mini-invasive surgery, and
biopsy for collecting pathological tissues. It is also
not possible to observe pathophysiological changes
in the liver during the modeling process. More
importantly, there is a large difference in the anatomy,
normal physiological and biochemical values, and in
the development process of disease between rat or
[15]
mouse models and humans . Some researchers
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have also used large animals such as dogs and
baboons to establish specific hepatic cirrhosis or portal
[16,17]
hypertension models
, but these models are also
significantly different from humans in terms of the
developmental process of common posthepatitic or
alcoholic cirrhosis and portal hypertension caused by
hepatic cirrhosis. In this study, using a hepatic cirrhosis
model established by perfusing porcine hepatic arteries
with a high concentration of alcohol (80%), we were
able to perform serological and imaging examinations,
evaluate changes in the portal vein at different time
points, and observe physiological changes in the pigs
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Table 6 Histopathological changes of hepatic biopsy samples within 6 h after perfusion with different concentrations of alcohol
Group

Venous hepatocyte thrombosis Hepatocyte degeneration Inflammatory cell necrosis

Experimental group 1 (n = 5)
Experimental group 2 (n = 5)
Experimental group 3 (n = 5)
Control group (n = 6)

A

3
5
5
0

1
4
5
0

0
2
4
0

Endothelial cell infiltration injury
1
3
5
0

B

Figure 7 Gross sample of the spleen (A) and stomach (B). A: At 6 wk after perfusion in experimental group 2, the gross sample of the spleen showed that the
spleen was hard and congestive, and had a non-uniform color; B: At 6 wk after perfusion in experimental group 2, the gross sample of the stomach showed that there
were small varicose veins on the stomach surface.

as well. In particular, we were able to investigate the
pathological developmental process of hepatic cirrhosis
by means of hepatic biopsy at different sites and at
different time periods.
We used 80% alcohol for porcine hepatic arterial
perfusion to establish a hepatic cirrhosis and portal
hypertension model, and we observed and compared
liver characteristics according to different perfusion
doses. Our findings showed that hepatic fibrosis
and cirrhosis occurred rapidly; hepatic fibrosis was
observed as early as 1 wk after perfusion, and cirrhosis
was found in some animals from experimental
groups 2 and 3 as early as 2-3 wk. According to
the literature, the occurrence of cirrhosis is usually
[9,18]
reported 8 wk after perfusion
. In addition, our
study demonstrated only a minor influence on liver
function as a result of alcohol perfusion, and no injury
to other important organs and tissues was observed
during the development of hepatic cirrhosis, while
[4]
previous reports have shown high hepatotoxicity .
The pathophysiological characteristics of hepatic
cirrhosis and portal hypertension in our animal model
were similar to those of early human posthepatitic and
alcoholic cirrhosis, and were mainly demonstrated by
the following results: (1) the serological examination
was nearly normal; (2) the imaging examination
showed an increase in liver size and spleen size, the
formation of bypass circulation in the liver, and a
widened main portal venous diameter; (3) some of the
animals had increased portal venous pressure; and
(4) hepatic biopsies at different sites and at different
time periods confirmed the typical pathological
development of hepatic cirrhosis. There was extensive
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hepatocyte generation and necrosis, as well as
collapse of the liver lobule fibrous framework. The
residual hepatocytes regenerated to form irregular,
nodular hepatocyte masses (regenerative nodules). A
large number of fibrous connective tissues proliferated
to form fiber bundles and fibrous septa. The newlyformed fibrous septa connected with each other to
enclose regenerative nodules or re-divide the residual
liver lobules and remodel them into pseudo-lobules.
The hepatic vascular bed was reduced, occluded, or
distorted. The blood vessels were compressed by
regenerative nodules. The normal relationship between
intrahepatic portal veins, hepatic veins and small
hepatic arterial branches was no longer present and
communicating anastomotic branches were formed.
Relatively uniform cirrhotic particles were observed on
the liver surface, and the cirrhosis affected each liver
lobe. Apart from the observation of splenic congestion
caused by hepatic cirrhosis and mild varicose veins on
the stomach surface of a few animals, other important
organs and tissues were unaffected.
In experimental group 1, there was a long duration
and a low success rate of modeling by perfusion
with 80% alcohol, but the animals all survived. In
experimental group 2, there was a moderate duration
and a high success rate of modeling, and the animals
all survived. In experimental group 3, there was a
short duration and a high success rate of modeling, but
the rate of animal death was significantly increased.
Establishing a large animal model of hepatic
cirrhosis via a mini-invasive intervention is still in the
[19]
exploratory phase. One study has shown that when
a porcine hepatic cirrhosis model is established by
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injecting an embolic agent containing 3:1 iodinated
oil-alcohol into porcine hepatic arteries, the complex
surgical procedure is challenging. Specifically, a metal
spring loop is used to embolize non-target arteries,
a micro-catheter is used to inject the embolic agent,
and the portal venous pressure is measured indirectly
by the hepatic venous pressure gradient (HVPG).
As a result, total costs are markedly increased, the
operation time is prolonged, tissue ischemia and
necrosis within the embolization range of non-target
blood vessels may occur, and large hepatic arteries
may be embolized during injection of the embolic
agent due to the properties of iodinated oil. In this
experiment, 80% alcohol was slowly perfused into
the left and right common hepatic arteries (away
from the cystic and gastroduodenal arteries) via a 4F
catheter, and then uniformly distributed into the liver
by blood flow, based on the size and blood supply
of the left and right hepatic arteries; and 1 mL 1%
lidocaine was immediately injected after injection
of 1 mL 80% alcohol until the dose of 80% alcohol
was completely injected, to prevent spasm of large
hepatic arteries. Only < level 3 hepatic arteries
were embolized to preserve maximum blood and
oxygen supply. After percutaneous hepatic portal vein
puncture was successfully performed in all animals,
a 6F multi-sidehole pigtail catheter was applied and
lodged into the portal vein for phlebography and
direct measurement of portal venous pressure and
diameter. Therefore, this modeling method has many
advantages, such as a simple surgical procedure,
low costs, and the possibility of direct observation
of changes in the portal vein and in portal venous
pressure, as well as bypass branches and their
distribution. Portal phlebography immediately after
hepatic arterial perfusion with alcohol confirmed that
alcohol passes through small arteries and enters
into the hepatic sinus and subsequently small portal
venous branches to produce combined hepatic arterial[20]
portal venous embolization. Pavcinik et al injected
polyvinyl alcohol particles into porcine portal veins
by percutaneous hepatic puncture to embolize portal
venous branches to produce portal hypertension,
however, 1 wk after the experiment they found that
the portal venous pressure had decreased to the
normal level, and hepatic cirrhosis did not develop. In a
study of opposite hepatic decompensated hypertrophy
after hepatic arterial embolization and portal venous
[21]
embolization, Madoff et al observed hepatocyte and
endothelial injury, along with erythrocyte stagnation
after injecting an embolic agent containing 3:1
iodinated oil-alcohol into porcine hepatic arteries, and
28 d after injecting polyvinyl alcohol particles into the
portal veins and linearly embolizing the left and leftmiddle liver lobes, the histopathology showed atrophy
of the portal vein region and interlobular septa in the
embolized segments, without significant fibrosis. In
the present study, hepatic biopsies were taken at
different time points and pathological examination
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confirmed that hepatic arterial perfusion with diffe
rent doses of 80% alcohol caused thrombosis in
miniature and small hepatic arteries, portal venous
branches and veins, as well as the hepatic sinus, and
endothelial injury. This was followed by hepatocyte
degeneration and necrosis, as well as inflammatory
cell infiltration, which eventually developed into the
typical pathophysiological process of hepatic cirrhosis.
As reported in the literature, at 6-8 wk after surgery,
hepatic histopathology showed fibrous septa and
pseudo-lobules, but localized cirrhosis, which was not
uniformly distributed, and fibrosis at different levels;
and portal venous pressure increased in some animals,
[18]
as measured indirectly by HVPG . At 2 and 6 wk
after perfusion, the local hepatic biopsy pathology
and gross pathology in all animals in experimental
group 2, and in the surviving animals in experimental
group 3, confirmed that a hepatic cirrhosis model was
successfully established, with the majority of fibrosis
reaching level 4. Samples collected from each site
were observed to have cirrhosis, and relatively uniform
cirrhotic nodules were found on the surface of various
liver lobes. These results suggest that the injuring
effect of alcohol on the liver is uniform. In addition,
the physiological changes in early hepatic cirrhosis
and portal hypertension were also directly confirmed
by portal phlebography and portal venous pressure
measurement, such as the occlusion of portal venous
branches, increased portal venous pressure, widening
of portal venous diameters, and the formation of
intrahepatic portal venous bypasses. A total of eight
animals developed hepatic cirrhosis, including all
animals in experimental group 2 and the surviving
animals in experimental group 3, of which five animals
had concomitant portal hypertension. Among the
pathological samples collected at a total of 32 sites in
the left and right lateral and medial liver lobes of each
animal, only the samples at two sites were observed
to have level 3 fibrosis and those at the remaining
30 sites had level 4 fibrosis. This also indicated that
the injuring effect of alcohol on the liver was uniform.
[19]
However, one study
using an embolic agent
containing 3:1 iodinated oil-alcohol, reported that only
5 of 20 sites in the 16 mL group, and 4 of 20 sites in
the 28 mL group had level 4 fibrosis, which suggests
[19]
that the injuring effect on the liver is not uniform .
In our study, the deaths in experimental group
3 were mainly attributed to liver failure caused by
extensive hepatic tissue necrosis and to postoperative
infection.
In conclusion, at 2-6 wk after hepatic arterial
perfusion with 80% alcohol, a porcine hepatic
cirrhosis or cirrhotic portal hypertension model
can be successfully established, with the typical
pathophysiological development process of early
hepatic cirrhosis, and with mild or no injury to other
organs and tissues. The suitable dose of 80% alcohol
for hepatic arterial perfusion in this experiment was
the 12 mL dose used in experimental group 2, but
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the most suitable alcohol concentration or dose
for establishing hepatic cirrhosis or cirrhotic portal
hypertension models still needs further in-depth
research and investigation.
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15

Peer-review

This is an interesting manuscript about a porcine hepatic cirrhosis and portal
hypertension model. Tables and Figures are interesting.

16

REFERENCES
1
2
3
4

5

6

Starr SP, Raines D. Cirrhosis: diagnosis, management, and
prevention. Am Fam Physician 2011; 84: 1353-1359 [PMID:
22230269]
Lok AS. Personalized treatment of hepatitis B. Clin Mol Hepatol
2015; 21: 1-6 [PMID: 25834795 DOI: 10.3350/cmh.2015.21.1.1]
Louvet A, Mathurin P. Alcoholic liver disease: mechanisms of
injury and targeted treatment. Nat Rev Gastroenterol Hepatol 2015;
12: 231-242 [PMID: 25782093 DOI: 10.1038/nrgastro.2015.35]
Liu Y, Meyer C, Xu C, Weng H, Hellerbrand C, ten Dijke P,
Dooley S. Animal models of chronic liver diseases. Am J Physiol
Gastrointest Liver Physiol 2013; 304: G449-G468 [PMID:
23275613 DOI: 10.1152/ajpgi.00199.2012]
Sakamoto M, Nakamura T, Torimura T, Iwamoto H, Masuda H,
Koga H, Abe M, Hashimoto O, Ueno T, Sata M. Transplantation
of endothelial progenitor cells ameliorates vascular dysfunction
and portal hypertension in carbon tetrachloride-induced rat liver
cirrhotic model. J Gastroenterol Hepatol 2013; 28: 168-178 [PMID:
22849788]
Marques TG, Chaib E, da Fonseca JH, Lourenço AC, Silva
FD, Ribeiro MA, Galvão FH, D’Albuquerque LA. Review of
experimental models for inducing hepatic cirrhosis by bile duct
ligation and carbon tetrachloride injection. Acta Cir Bras 2012; 27:

17

18
19

20

21

589-594 [PMID: 22850713]
Albedaño Antoñanzas D, Alastuey Ederra M, Gaztelu Sanz FJ.
[Nursing students learn in a primary care service]. Rev Enferm
1990; 13: 32-37 [PMID: 2320843]
Kim SK, Seo JM, Chae YR, Jung YS, Park JH, Kim YC.
Alleviation of dimethylnitrosamine-induced liver injury and
fibrosis by betaine supplementation in rats. Chem Biol Interact
2009; 177: 204-211 [PMID: 18930038]
Starkel P, Leclercq IA. Animal models for the study of hepatic
fibrosis. Best Pract Res Clin Gastroenterol 2011; 25: 319-333
[PMID: 21497748]
Hsu SJ, Hsin IF, Lin YL, Chen YC, Huang HC, Lee FY, Lin
HC, Chang CC, Lee SD. The influence of sorafenib on hepatic
encephalopathy and the mechanistic survey in cirrhotic rats. Eur J
Clin Invest 2012; 42: 1309-1316 [PMID: 23078180]
Chang CC, Chuang CL, Lee FY, Wang SS, Lin HC, Huang
HC, Teng TH, Hsu SJ, Hsieh HG, Lee SD. Sorafenib treatment
improves hepatopulmonary syndrome in rats with biliary cirrhosis.
Clin Sci (Lond) 2013; 124: 457-466 [PMID: 23043394]
Takeuchi-Yorimoto A, Noto T, Yamada A, Miyamae Y, Oishi Y,
Matsumoto M. Persistent fibrosis in the liver of choline-deficient
and iron-supplemented L-amino acid-defined diet-induced
nonalcoholic steatohepatitis rat due to continuing oxidative stress
after choline supplementation. Toxicol Appl Pharmacol 2013; 268:
264-277 [PMID: 23481610 DOI: 10.1042/CS20120052]
El-Lakkany NM, El-Maadawy W, Ain-Shoka A, Badawy A,
Hammam O, Ebeid F. Potential antifibrotic effects of AT1 receptor
antagonist, losartan, and/or praziquantel on acute and chronic
experimental liver fibrosis induced by Schistosoma mansoni. Clin
Exp Pharmacol Physiol 2011; 38: 695-704 [PMID: 21762203 DOI:
10.1111/j.1440-1681.2011.05575]
Zhang LX, Liang TJ, Tan YR, Ren WH, Han GQ, Zhang J, Wang
LC, Qin CY. Protective effects of ursodeoxycholic acid against
immune-mediated liver fibrosis in rats. Hepatogastroenterology
2010; 57: 1196-1202 [PMID: 21410058]
Weber SN, Wasmuth HE. Liver fibrosis: from animal models
to mapping of human risk variants. Best Pract Res Clin
Gastroenterol 2010; 24: 635-646 [PMID: 20955966 DOI: 10.1016/
j.bpg.2010.07.013]
Jin W, Deng L, Zhang Q, Lin D, Zhu J, Chen Y, Chen B, Li
J. A canine portal hypertension model induced by intra-portal
administration of Sephadex microsphere. J Gastroenterol
Hepatol 2010; 25: 778-785 [PMID: 20492334 DOI: 10.1111/
j.1440-1746.2009.06158.x]
Lieber CS, Leo MA, Cao Q, Ren C, DeCarli LM. Silymarin
retards the progression of alcohol-induced hepatic fibrosis
in baboons. J Clin Gastroenterol 2003; 37: 336-339 [PMID:
14506392]
Snowdon VK, Fallowfield JA. Models and mechanisms of fibrosis
resolution. Alcohol Clin Exp Res 2011; 35: 794-799 [PMID:
21284668 DOI: 10.1111/j.1530-0277.2010.01400.x]
Avritscher R, Wright KC, Javadi S, Uthamanthil R, Gupta S,
Gagea M, Bassett RL, Murthy R, Wallace MJ, Madoff DC.
Development of a large animal model of cirrhosis and portal
hypertension using hepatic transarterial embolization: a study
in swine. J Vasc Interv Radiol 2011; 22: 1329-1334 [PMID:
21802316]
Pavcnik D, Saxon RR, Kubota Y, Tanihata H, Uchida BT, Corless
C, Keller FS. Attempted induction of chronic portal venous
hypertension with polyvinyl alcohol particles in swine. J Vasc
Interv Radiol 1997; 8: 123-128 [PMID: 9025051]
Madoff DC, Gupta S, Pillsbury EP, Kan Z, Tinkey PT, Stephens
LC, Ensor JE, Hicks ME, Wright KC. Transarterial versus
transhepatic portal vein embolization to induce selective hepatic
hypertrophy: a comparative study in swine. J Vasc Interv Radiol
2007; 18: 79-93 [PMID: 17296708]
P- Reviewer: Chang DZ, Okada H S- Editor: Yu J
L- Editor: Wang TQ E- Editor: Zhang DN

WJG|www.wjgnet.com

9553

August 28, 2015|Volume 21|Issue 32|

World J Gastroenterol 2015 August 28; 21(32): 9554-9565
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i32.9554

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Dual gRNAs guided CRISPR/Cas9 system inhibits hepatitis
B virus replication
Jie Wang, Zhong-Wei Xu, Shuang Liu, Rui-Yang Zhang, Shan-Long Ding, Xiao-Meng Xie, Lu Long,
Xiang-Mei Chen, Hui Zhuang, Feng-Min Lu
Jie Wang, Rui-Yang Zhang, Shan-Long Ding, Lu Long,
Xiang-Mei Chen, Hui Zhuang, Feng-Min Lu, State Key
Laboratory of Natural and Biomimetic Drugs, Department of
Microbiology and Infectious Disease Center, School of Basic
Medicine, Peking University Health Science Center, Beijing
100191, China

Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Zhong-Wei Xu, Department of Gastroenterology, Pennsylvania
Hospital, University of Pennsylvania, Philadelphia, PA 19104,
United States

Correspondence to: Feng-min Lu, MD, Professor, State Key
Laboratory of Natural and Biomimetic Drugs, Department of
Microbiology and Infectious Disease Center, School of Basic
Medicine, Peking University Health Science Center, 38 Xueyuan
Road, Beijing 100191, China. lu.fengmin@hsc.pku.edu.cn
Telephone: +86-10-82805136
Fax: +86-10-82805136

Shuang Liu, Beijing Artificial Liver Treatment and Training
Center, Beijing Youan Hospital, Capital Medical University,
Beijing 100069, China

Received: February 13, 2015
Peer-review started: February 22, 2015
First decision: April 23, 2015
Revised: May 20, 2015
Accepted: July 8, 2015
Article in press: July 8, 2015
Published online: August 28, 2015

Xiao-Meng Xie, Department of Epidemiology and Biostatistics,
College of Public Health, Zhengzhou University, Zhengzhou
450001, Henan Province, China
Author contributions: Wang J, Xu ZW, Lu FM and Liu S
designed the research; Wang J, Zhang RY, Ding SL, Long L and
Xie XM performed the research; Wang J, Xu ZW, Lu FM, Liu
S, Zhang RY and Xie XM analyzed the data; Wang J wrote the
paper; Lu FM, Chen XM and Zhuang H revised the paper.
Supported by Natural Science Foundation of China, No.
81471938; the National S and T Major Project for Infectious
Diseases, No. 2013ZX10002-002 and No. 2012ZX10002-005;
and 111 Project, No. B07001.

Abstract

Biostatistics statement: The statistical methods of this study
were reviewed by Xiaomeng Xie from the Department of
Epidemiology and Biostatistics, College of Public Health,
Zhengzhou University, Zhengzhou, China.

METHODS: A total of 15 gRNAs against HBV of
genotypes A-D were designed. Eleven combinations
of two above gRNAs (dual-gRNAs) covering the
regulatory region of HBV were chosen. The efficiency
of each gRNA and 11 dual-gRNAs on the suppression
of HBV (genotypes A-D) replication was examined by
the measurement of HBV surface antigen (HBsAg) or
e antigen (HBeAg) in the culture supernatant. The
destruction of HBV-expressing vector was examined in
HuH7 cells co-transfected with dual-gRNAs and HBVexpressing vector using polymerase chain reaction (PCR)
and sequencing method, and the destruction of cccDNA

AIM: To screen and investigate the effective gRNAs
against hepatitis B virus (HBV) of genotypes A-D.
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was examined in HepAD38 cells using KCl precipitation,
plasmid-safe ATP-dependent DNase (PSAD) digestion,
rolling circle amplification and quantitative PCR com
bined method. The cytotoxicity of these gRNAs was
assessed by a mitochondrial tetrazolium assay.

years, hepatitis B virus (HBV) infection remains an
important public health problem worldwide. Current
antiviral agents, including nucleos(t)ide analogues
(NAs) and interferon (IFN), can control HBV production
but not eliminate HBV, due to the persistence of HBV
covalently closed circular DNA (cccDNA) reservoir in
the nucleus of hepatocytes. NAs show no effect on
cccDNA, thus relapse of hepatitis B occurs frequently
[1,2]
in patients who discontinued antiviral treatment .
Moreover, because the stability of HBV cccDNA was so
high that it declines slowly, so life-long treatment of
[1,3,4]
chronic hepatitis B (CHB) is required
. On the other
hand, although IFN-α can degrade cccDNA followed
by cytidine deamination and apurinic/apyrimidinic site
formation, and can further result in virus clearance in
[5-7]
a few patients, its efficacy is unsatisfactorily limited .
Eradication of cccDNA, the only way to reach the
clinical cure of CHB, is still an unresolved problem in
the treatment of CHB.
Clustered regularly interspaced short palindromic
repeats/Cas9 nuclease (CRISPR/Cas9) system is a
novel genome editing tool derived from the adaptive
[8-10]
immune system of bacteria and archaea
. CRISPR/
Cas9 system promotes genome editing by inducing
a double-strand break (DSB) at the target genomic
locus. In the absence of a repair template, DSBs are
re-ligated through the non-homologous end joining
(NHEJ) process, which leads to the insertion/deletion
[11]
(indel) mutations . CRISPR/Cas9 system has been
successfully applied not only for genome editing in
cells, but also for disrupting the genome of virus,
including adenovirus, herpes simplex virus (HSV) and
[12-14]
human immunodeficiency virus (HIV)
. For HBV,
CRISPR/Cas9 system has been proved to efficiently
cleave the expressing templates of HBV genotypes
[15-17]
A and D
. Whereas, genotypes A, B, C, D are the
predominant genotypes of HBV in East Asia and other
[18-20]
part of the world
, so it is necessary to design
guide RNAs (gRNAs) specific for HBV genotypes A-D.
Here, we evaluated the potential use of CRISPR/Cas9
system to clear the HBV genome of genotypes A-D.

RESULTS: All of gRNAs could significantly reduce
HBsAg or HBeAg production in the culture supernatant,
which was dependent on the region in which gRNA
against. All of dual gRNAs could efficiently suppress
HBsAg and/or HBeAg production for HBV of genotypes
A-D, and the efficacy of dual gRNAs in suppressing
HBsAg and/or HBeAg production was significantly
increased when compared to the single gRNA used
alone. Furthermore, by PCR direct sequencing we
confirmed that these dual gRNAs could specifically
destroy HBV expressing template by removing the
fragment between the cleavage sites of the two
used gRNAs. Most importantly, gRNA-5 and gRNA-12
combination not only could efficiently suppressing
HBsAg and/or HBeAg production, but also destroy the
cccDNA reservoirs in HepAD38 cells.
CONCLUSION: These results suggested that CRISPR/
Cas9 system could efficiently destroy HBV expressing
templates (genotypes A-D) without apparent cytotoxicity.
It may be a potential approach for eradication of
persistent HBV cccDNA in chronic HBV infection patients.
Key words: Dual gRNAs; CRISPR/Cas9; hepatitis B;
cccDNA; antiviral therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this manuscript, 15 hepatitis B virus (HBV)specific gRNAs were designed according to the HBV
genome sequences of genotypes A-D. We confirmed
that the CRISPR/Cas9 system with these HBV-specific
gRNAs could efficiently suppress the replication of
multiple HBV genotypes. Further, we demonstrated
that dual gRNAs could guide the CRISPR/Cas9 system
to efficiently destroy HBV cccDNA and reduce its
level in HepAD38 cells. Since cccDNA, the template
of HBV replication, accounts for the persistence of
HBV infection, our data suggested that CRISPR/Cas9
technique may be a useful tool to eradicate HBV of
multiple genotypes.

MATERIALS AND METHODS
Plasmids

The 1.2xHBV construct (pBB4.5-HBV1.2, genotype
C) was constructed using a 1.2-fold length genome of
genotype C HBV DNA sequence, and was inserted into
the pBB4.5-HBV1.3 (genotype D, G1896A mutation)
plasmid digested with PstI and NheI enzymes. The
pBB4.5-HBV1.3 (genotype D, G1896A mutation)
plasmid was kindly provided by Professor Locarnini
SA from the Victorian Infectious Diseases Reference
[21]
Laboratory, Australia . The 1.2xHBV construct
(pBB4.5-HBV1.2, genotype C) has been proved to
[22]
efficiently produce HBV . The HBV-expression vectors
pGEM-HBV1.3A (genotype A) and pGEM-HBV1.3B
(genotype B) were kindly provided by Professor
Ningshao Xia from School of Public Health, Xiamen

Wang J, Xu ZW, Liu S, Zhang RY, Ding SL, Xie XM, Long L,
Chen XM, Zhuang H, Lu FM. Dual gRNAs guided CRISPR/
Cas9 system inhibits hepatitis B virus replication. World J
Gastroenterol 2015; 21(32): 9554-9565 Available from: URL:
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INTRODUCTION
Despite prophylactic vaccines available for many
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Cas9 promotes genome editing by inducing a
double-strand break (DSB) and re-ligating through
the NHEJ process in the absence of a repair template.
The gRNA/Cas9 dual expression vector pSpCas9(BB)2A-GFP (PX458) was obtained from Addgene
(Cambridge, MA). PX458 plasmid which expresses a
nonsense gRNA (GGGTCTTCGAGAAGACCT) was used
as a vector control in each experiment. HBV-specific
gRNA/Cas9 dual expression vectors were constructed
in our laboratory. The oligonucleotide sequences for
the construction of HBV-specific gRNA/Cas9 dual
expression vectors are listed in Supplementary Table
S1.

Transfection of cells

[23]

ACTGTTCAAGCCTCCAAGC-3’; primer2F (321-342),
5’-CAACCTCCAATCACTCACCAAC-3’; primer1R (434-415),
5’-AGAAGATGAGGCATAGCAGC-3’; primer2R (2006-1986),
5’-CAGAGGCGGTGTCAAGGAGAT-3’; primer3R
(1702-1682), 5’-GACTCAAGGTCGGTCGTTGAC-3’;
primer4R (1285-1264), 5’-CTAGGAGTTCCGCAGT
ATGGAT-3’. Primer1F and 1R were used for detection
of the fragment cleaved by dual gRNAs of gRNA1 +
13 or gRNA2 + 14, and primer 2F and 2R, 2F and 3R,
2F and 4R were used for detection of the fragment
cleaved by dual gRNAs of gRNA3 + 5, gRNA4 + 5 and
gRNA5 + 12, respectively.
PCR reaction mixture (20 μl) contained 10 μl 2 ×
Taq mix (Transgene), 1 μl forward primer (10 μmol/L),
1 μl reverse primer (10 μmol/L), 1 μl DNA template
and 7 μl double distilled water (ddH2O). The reaction
mixture was denatured at 95 ℃ for 5 min, followed by
35 cycles of 95 ℃ for 30 s, 60 ℃ for 30 s, and 72 ℃
for 1 min, and at last 72 ℃ for 5 min. Agarose gel
(1.5%) was used for separation of DNA fragments
with different length. DNA markers were DL2000
and DL2000 Plus (GenStar). The DNA fragment of
expected length was sequenced.

[24]

Human liver cancer cell lines HuH-7 and HepAD38
(stable expression of HBV) were maintained in Dulbecco’
s Modified Eagle Medium (DMEM) supplemented with
10% fetal bovine serum (Gibco, Carlsbad, Calif).
HuH-7 and HepAD38 cells were seeded in a 12-well
5
plate at 1.5 × 10 cells/well. HuH-7 cells were cotransfected with HBV expression vectors (HBV of
genotype A, B or C) and HBV-specific gRNA/Cas9
dual expression vector [pSpCas9(BB)-2A-GFP] with
Lipofectamain 2000 (11668019; Life Technologies).
HepAD38 cells were transfected with HBV specific
gRNA/Cas9 dual expression vector with Lipofectamain
3000 (L3000015; Life Technologies).

Detection of HBV cccDNA

Two gRNA/Cas9 dual expression vectors were cotransfected into HepAD38 cells at least 7 d after
tetracycline removed. Cells were collected for DNA
extraction at 72 h after transfection using QIAGEN
DNA mini kit (51304; QIAGEN), according to the
manufacturer’s instruction. To obtain cccDNA, KCl
TM
precipitation and plasmid-safe ATP-dependent DNase
(PSAD) (Epicentre, Madison, WI, United States) were
used to remove HBV DNA integrated into cell genome,
HBV rcDNA, replicative dsDNA and ssDNA. Afterwards,
rolling circle amplification (RCA) was conducted to
selectively amplify cccDNA. Finally, PCR was performed
using RCA products as template, and using cccDNA
specific primers which target the gap region of HBV
[25,26]
genome
.

Detection of HBsAg and HBeAg

Seventy-two hours after transfection, cell culture
supernatants were collected for detection of HBsAg and
HBeAg by a time-resolved fluoroimmunoassay (TRFIA)
according to manufacturer’s instructions (SY60108A
and SY60105A; PerkinElmer). In brief, culture super
natant (100 μl) was added into a microtiter plate
coated with anti-HBsAg or anti-HBeAg and shaked
for 40 min at room temperature, then washed for 4
times. Europium-labeled anti-HBsAg or anti-HBeAg
was diluted 1:50 with HBsAg or HBeAg dilution buffer
and added at 100 μl per well, shaked for 40 min in
room temperature, then washed 6 times. At last, after
incubation with enhancement solution (100 μl) for 5
min, the plates were read using Anytest reader (SYMBIO), and the concentrations of HBsAg and HBeAg
were calculated according to the standard curve. The
relative HBsAg or HBeAg level was calculated as the
ratio of HBsAg or HBeAg concentration in the cell
culture supernatant of gRNA treated and vector control
cells.

Methyl thiazolyl tetrazolium assay

Methyl thiazolyl tetrazolium (MTT) assay is used to
monitor cell viability. Cells (1500 cells per well) were
plated in 96-well plates and were maintained in
DMEM supplemented with 10% fetal bovine serum.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide solution was added into the cell culture at a final
concentration of 5 μg/mL and was allowed to remain in
culture for 4 h before measurement. Cell viability was
monitored every 24 h by measuring the absorbance in a
microplate reader (Bio-Rad, Hercules, CA).

Detection of HBV DNA fragments cleaved by dual
gRNAs

RESULTS

DNA was extracted from cells using QIAGEN DNA mini
kit (51304; QIAGEN), according to the manufacturer’s
instruction. Specific primers listed below were used
to PCR amplify the cleaved HBV DNA fragments:
primer1F (nucleotide position: 1856-1877), 5’-CCT

WJG|www.wjgnet.com

Construction of HBV-specific gRNAs

Since SpCas9 in our CRISPR/Cas9 system requires a
5’-NGG protospacer adjacent motif (PAM) sequence,
HBV genome of genotypes A-D was searched for
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Figure 1 Illustration of the gRNA-targeted sequences located in the hepatitis B virus genome.

potential 18-20 base target sequences called the
protospacer with 3’-downstream of PAM, which was
shown as GN18-20-NGG. Finally a panel of 15 HBVspecific gRNAs targeting different regions of HBV
genome were designed (Figure 1). To avoid the offtarget effect, the gRNA sequences were blasted by
Nucleotide Blast search (NCBI), and the difference of
more than 3 nucleotides to other sequences in human
genome was assured. Finally, the gRNA expression
vectors were identified by sequencing method. The
sequences and locations of these HBV-specific gRNAs
are listed in Table 1.

exception of gRNA-6 and gRNA-8. It is noteworthy
that gRNAs targeting preC/C region exhibited higher
HBeAg suppressive efficiency than that of those
gRNAs targeting either S or X regions (Figure 2b).
Intriguingly, gRNA-5 against enhancer Ⅰ region could
efficiently suppress both HBsAg and HBeAg levels
(Figure 2a and b). The off-target effect of gRNA may
induce cytotoxicity, and then disturb the antiviral effect
of HBV-specific gRNAs. The methods for assessing cell
viability can test cytotoxicity. To exclude the possibility
that the HBsAg or HBeAg suppression observed above
was the result of non-specific cytotoxicity, MTT assay,
which is a colorimetric assay for assessing cell viability,
was conducted. The results revealed that no noticeable
cytotoxicity of the gRNAs was observed in HuH-7 cells
(Figure 2c).

designed HBV-specific gRNAs efficiently suppress the
production of HBsAg and/or HBeAg

To examine the efficiency of each gRNA in the
suppression of HBV replication, the 1.2xHBV construct
(pBB4.5-HBV1.2, genotype C) was co-transfected with
each gRNA/Cas9 dual expression vector in HuH-7 cells,
respectively. As shown in Figure 2a, all designed gRNAs
could significantly suppress HBsAg levels in culture
supernatants, but with noticeable variation of efficacy,
and gRNAs targeting the S region (gRNAs-1, 2, 3, and
4) and enhancer Ⅰ region (gRNA-5) of HBV genome
exhibited higher HBsAg suppressing efficiency than
that of the gRNAs targeting either X region (gRNAs-6,
7, 8, 9, and 10) or preC/C (gRNAs-11, 12, 13, 14, and
15) region. For HBeAg, all of gRNAs could significantly
reduce HBeAg levels in culture supernatants, with the

WJG|www.wjgnet.com

Dual gRNAs exhibit synergistic effect on the
suppression of HBV replication

Since CRISPR/Cas9 system can be efficiently used
[11]
for multiple genome cleavage , we wondered if
combination of two HBV-specific gRNAs (dual gRNAs)
should be more efficient than single one in suppressing
HBV replication. To confirm this, pBB4.5-HBV1.2 and
combinations of two different gRNA expression vectors
were co-transfected into HuH-7 cells. Firstly, we chose
the region modulating the expression of HBsAg and
HBeAg between two gRNAs in HBV genome, including
the combinations of gRNA-1 + 13 covering the S
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and two different gRNAs expression vectors were cotransfected into HuH-7 cells. For HBV of genotype C,
all of dual gRNAs could significantly suppress HBsAg
production (Figure 3d), just as expected. However,
although all dual gRNAs could also significantly
suppress HBeAg production, the efficacy was lower
than that of HBsAg, since higher HBeAg suppressive
efficiency (≥ 80%) was detected in only 7 dual gRNAs
(Figure 3e). Similar results were observed when HBV
of genotypes A and B were tested (Supplementary
Figure S1a and b). To exclude the possibility that
excess concentration of gRNA may interfere HBV
replication, we tested the concentration effect of
gRNAs in HBV replication. The result revealed that the
suppression efficiency of gRNA on the HBsAg level was
gRNA concentration dependent (Figure S2). Similarly,
in order to exclude the interference of non-specific
cytotoxicity, MTT assay was conducted. The result
affirmed that there was no noticeable cytotoxicity of
dual gRNAs (Figure 3f).

Table 1 Sequences and locations of hepatitis B virus-specific
gRNAs in the hepatitis B virus genome of genotypes A-D
gRNA No. Nucleotide
position
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Sequence (GN18-20NGG , 5’-3’)

Genotype

56-75
CCTGCTGGTGGCTCCAGTTC A/B/C/D
182-200
GGACCCCTGCTCGTGTTAC
A/B/C/D
415-433
GCTGCTATGCCTCATCTTC
A/B/C/D
640-658
ATGGGAGTGGGCCTCAGTC
A/B/C
1179-1197
AGTGTTTGCTGACGCAACC A/B/C/D
1393-1410
GCCAACTGGATCCTGCGC
B/C/D
1521-1540 GGGGCGCACCTCTCTTTACG A/B/C/D
1578-1597 GAGGTGAAGCGAAGTGCACA A/B/C/D
1589-1608 CTTCACCTCTGCACGTCGCA
B/C/D
1775-1794 AGGAGGCTGTAGGCATAAAT A/B/C/D
1859-1878 AGCTTGGAGGCTTGAACAGT A/B/C/D
1865-1884 CAAGCCTCCAAGCTGTGCCT A/B/C/D
2336-2355 ACTACTGTTGTTAGACGACG
C/D
2367-2386 CGAGGGAGTTCTTCTTCTAG A/B/C/D
2390-2409 GATTGAGACCTTCGTCTGCG
B/C/D

gene promoter and pre S1 region, gRNA-1 + 12
covering the S gene promoter pre S1 region and Core
coding DNA sequence (CDS) region, and gRNA-8 +
12 covering Core promoter and Enhancer Ⅱ region
were tested. As expected, the synergistic effect of
dual gRNAs in the suppression of HBV replication was
observed. Two of the tested dual gRNAs gRNA-1 + 13
(gRNA1 vs gRNA-1 + 13: 0.255 vs 0.110, P = 0.0031;
gRNA13 vs gRNA-1 + 13: 0.265 vs 0.110, P = 0.0017)
and gRNA-8 + 12 (gRNA8 vs gRNA-8 + 12: 0.319 vs
0.110, P = 0.0004; gRNA12 vs gRNA-8 + 12: 0.240 vs
0.110, P = 0.0007) demonstrated significantly higher
suppressive efficiency in HBsAg production, when
compared to that of each gRNA used alone (Figure
3a). Consistent with HBsAg, there was synergistic
effect of gRNA-1 + 13 (gRNA1 vs gRNA-1 + 13: 0.296
vs 0.124, P = 0.0034; gRNA13 vs gRNA-1 + 13: 0.264
vs 0.124, P = 0.0018) and gRNA-8 + 12 (gRNA8 vs
gRNA-8 + 12: 0.889 vs 0.121, P < 0.0001; gRNA12
vs gRNA-8 + 12: 0.260 vs 0.121, P = 0.0018) in the
suppression of HBeAg production (Figure 3b). While
for the gRNA-1 + 12, such synergistic effect could only
be observed in HBeAg production (gRNA1 vs gRNA-1 +
12: 0.296 vs 0.096, P = 0.0014; gRNA12 vs gRNA-1 +
12: 0.260 vs 0.096, P = 0.0006), and an antagonistic
effect for HBsAg production (gRNA1 vs gRNA-1 + 12:
0.265 vs 1.125, P = 0.0001; gRNA12 vs gRNA-1 +
12: 0.240 vs 1.125, P = 0.0001) was exhibited (Figure
3c).
Following the above observation, 11 dual gRNAs
(two different gRNAs at a ratio of 1:1) were used for
further study. The choice of gRNAs for combination
was made according to the efficiency of each gRNA
and its targeting regions (in promoter, enhancer or
reverse transcriptional region of polymerase). Next, the
efficiency of those 11 dual gRNAs in the suppression
of HBsAg and HBeAg was examined, with different
HBV genotypes taken into consideration. The HBVexpression vectors (genotype A, B or C constructs)
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Dual gRNAs destroy HBV genome

To confirm that the dual gRNAs mediated suppression
in HBV replication was at the genome level, the HBV
genome region covering the cleavage sites of dual
gRNAs was amplified using PCR. If dual gRNAs worked,
the fragment between the two cleavage sites would be
removed, consequently a relative smaller PCR product
would be detected. According to the above suppressive
efficiency of dual gRNAs combinations, five dual gRNAs
(1 + 13, 5 + 12, 2 + 14, 3 + 5 and 4 + 5) were
chosen for further investigation. As expected, all of
dual gRNAs could destroy HBV genome, especially the
combination of gRNA-5 + 12, in which only the smaller
fragment was detected. An up to 100% cleavage
efficiency implicated the optimum combination of
the two gRNAs (Figure 4a). Furthermore, direct
sequencing of the PCR product showed that the
smaller fragment was indeed formed by the re-ligation
between the ends of two cleavage sites (Figure 4b).
Then the plasmid pBB4.5-HBV1.2 was co-transfected
with dual gRNA-5 + 12 expression vectors at different
ratios to HuH-7 cells and the cleavage efficiency was
assessed by PCR amplification. The result revealed that
at the ratio of 1:3, almost all of HBV genome DNAs
were cleft by gRNA-5 + 12. Surprisingly, even at the
ratio of 3:1, still more than 90% of HBV genome DNAs
were cleft (Figure 4c). In line with this, the efficiency
in suppressing the production of HBsAg in culture
supernatants was also gradually but significantly
decreased from the ratio of 1:3 (reduced to 0.019%
± 0.007%) to 3:1 (reduced to 0.60% ± 0.014%), as
compared to the vector control (Figure 4d). Other four
dual gRNAs also showed the capability to destroy HBV
genome at different extents (Figure 4a), and all were
confirmed by sequencing analysis (data not shown).
As shown in Figure 4e, the target genome sequence
of gRNA-13 in genotype B HBV harbors a one base
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Figure 2 Fifteen hepatitis B virus-specific gRNAs could efficiently suppress the production of hepatitis B virus surface antigen or hepatitis B virus e
antigen. A: The plasmid pBB4.5-HBV1.2 (0.5 μg) was co-transfected with each individual gRNA/Cas9 dual expression vector (1.5 μg) to HuH-7 cells. HBsAg level in
culture supernatant was measured at 72 h post transfection using a time-resolved fluoroimmunoassay analysis; b: HBeAg level in culture supernatant was measured
using a time-resolved fluoroimmunoassay analysis as above; c: The cytotoxicity of each HBV-specific gRNA was examined using an MTT assay. Data are shown as
mean ± SE of 5 independent experiments. All P-values are from Student’s t-test. HBV: hepatitis B virus; HBsAg: hepatitis B virus surface antigen; HBeAg: hepatitis B
virus e antigen; MTT: Methyl thiazolyl tetrazolium. aP < 0.05, bP < 0.01, cP < 0.001.

difference as compared to genotypes A/C/D. However,
dual gRNAs composed by gRNA-1 and gRNA-13 could
also destroy HBV genome of genotype B (Figure 4f).

could destroy HBV expressing template. Theoretically,
such gRNAs could also destroy HBV cccDNA. To
confirm this, the most powerful dual gRNAs (gRNA-5
and gRNA-12 expression vectors) were co-transfected
into HepAD38 cells which stably express genotype
[24]
D HBV and produce HBV cccDNA . Firstly, the

Dual gRNAs destroy HBV cccDNA in HepAD38 cells

Above data demonstrated that HBV-specific gRNAs
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Figure 3 Eleven dual gRNAs could efficiently suppress the production of hepatitis B virus surface antigen or hepatitis B virus e antigen. The plasmid
pBB4.5-HBV1.2 was co-transfected with gRNA-1 and -13 (a), gRNA-8 and -12 (b), or gRNA-1 and -13 (c) expression vectors to HuH-7 cells, alone or in combination.
HBsAg and HBeAg levels in cell culture supernatant were measured at 72 h post transfection using a time-resolved fluoroimmunoassay; d: The plasmid pBB4.5HBV1.2 (0.5 μg) was co-transfected with different combinations of two gRNAs expression vectors (each 0.75 μg) to HuH-7 cells. HBsAg level in culture supernatant
was measured at 72 h post transfection using a time-resolved fluoroimmunoassay; e: HBeAg level in culture supernatant was measured using time-resolved
fluoroimmunoassay as above; f: The cytotoxicity of dual gRNAs was examined using an MTT assay. Data are shown as mean ± SE of 3 independent experiments.
All P-values are from Student’s t-test. HBV: hepatitis B virus; HBsAg: hepatitis B virus surface antigen; HBeAg: hepatitis B virus e antigen; MTT: Methyl thiazolyl
tetrazolium.

HBsAg and HBeAg levels in the culture supernatant
were measured. The results showed that even with
low transfection efficiency, gRNA-5 and gRNA-12
together could significantly suppress both HBsAg and
HBeAg levels, particularly for HBsAg which almost
dropped 50% off (Figure 5a). Besides, gRNA-5 and
gRNA-12 could also significantly reduce the HBV
DNA level in the HepAD38 cell culture supernatant
(Figure 5b). Since cccDNA reservoirs are the cause
of chronic HBV infection, next, the HBV cccDNA
level in HepAD38 cells was measured. To make
sure that the quantitative measurement of the HBV
cccDNA was reliable, KCl precipitation, plasmid-safe
ATP-dependent DNase (PSAD) digestion and RCA
(Isothermal PCR amplification for the circular HBV
cccDNA rather than the linear rcDNA) were employed,
followed by quantitative PCR with the cccDNA specific
primers (sense primer covers the cleavage site of
gRNA-12) that target the gap region of HBV genome.
As expected, cccDNA level in HepAD38 cells was
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significantly suppressed by gRNA-5 and gRNA-12
(Figure 5c). PCR amplification confirmed that the
fragment between two cleavage sites of dual gRNAs
in HBV expressing template was removed (Figure 4a
and c). Similarly, HBV-specific gRNA could also guide
Cas9 to destroy HBV cccDNA (Figure 5d). Above
results suggested that the downregulation of HBsAg
and HBeAg levels was at least partially due to the
destruction of HBV cccDNA.

DISCUSSION
Hepatitis B is an important occupational hazard for
health workers. An estimated 240 million people
[27]
are chronically infected with HBV . Multiple studies
demonstrated that without therapy, 15%-40% of
HBV infected patients would eventually develop
cirrhosis, liver failure, or hepatocellular carcinoma
[28]
(HCC) . Because of the high HBV-related morbidity
and mortality, HBV infection has been a serious public

9561

August 28, 2015|Volume 21|Issue 32|

Wang J et al . Dual HBV-specific gRNAs inhibit HBV replication

5

r

+

to

4

3

Ve
c

+

to
Ve
c

+
2

Ve
c

5

r

14

r
to

12
5

Ve
c

+

to

r

13
+
1

Ve
c

D2
0

to

r

00

Pl
us

A

5000 bp
3000 bp
2000 bp
1000 bp

*

750 bp

*

*

*

500 bp

*

B

Primer-Fwd

gRNA-13

gRNA-1
955 bp

HBV DNA

Primer-Rev
5'-...ACTACTGTTGTTAGACGACGTGGGTGG...CTGCTGGTGGCTCCAGTTCCGGAACAG...-3'

440
450
460
470
480
CCGGAAACTACTGTTGTTAGACGTTCCGGAACAGTAAACCCTGTTCC

3:1

E

1:3

gRNA13

ACTACTGTTGTTAGACGACG

12

Genotype
Genotype
Genotype
Genotype

5

+

r
to
Ve
c

12
+
5

D2

Ve
c

00

to

r

0

Pl

us

C

2000 bp

A
B
C
D

ACTACTGTTGTTAGACGAC--GGG
ACTACTGTTGTTAGACGAAGAGG
ACTACTGTTGTTAGACGACGAGG
ACTACTGTTGTTAGACGACGAGG

1000 bp
750 bp
500 bp

F

Genotype C

Genotype A

Genotype B

13
+

to
r

1

1

Ve
c

13
+

to
r
Ve
c

+

to
r

1

0.6

Ve
c

D2

00
0

c

13

Pl

us

0.8

5000 bp
3000 bp
0.4

2000 bp
1000 bp

0.2

*

750 bp

*

*

500 bp

1:
3

0.0

3:
1

Relative HBsAg level (5 + 12/Vector) (%)

D

Figure 4 Dual gRNAs could destroy hepatitis B virus genome. a: The plasmid pBB4.5-HBV1.2 (0.5 μg) was co-transfected with gRNA-1 and -13, gRNA-5 and
-12, gRNA-2 and -14, gRNA-3 and -5, or gRNA-4 and -5 expression vectors (each 0.75 μg) to HuH-7 cells. Cellular DNA was extracted at 72 h post transfection,
and PCR amplifications were performed using the primers beyond the cleavage sites of each dual gRNAs; b: Sequencing analysis of the smaller fragment formed
by gRNA-5 and -12; c: The plasmid pBB4.5-HBV1.2 was co-transfected with the gRNA-5 and -12 expression vectors at different ratios to HuH-7 cells. The smaller
fragment was amplified at 72 h post transfection; d: HBsAg level in culture supernatant was measured using a time-resolved fluoroimmunoassay. Data are shown
as mean ± SE of 3 independent experiments (Student’s t-test); e: Comparative analysis for the sequences of gRNA13 and HBV genome of genotypes A-D; f: The
plasmid pGEM-HBV1.3A or pGEM-HBV1.3B and gRNA-1 and -13 expression vectors were co-transfected into HuH-7 cells, and PCR amplifications were performed
at 72 h post transfection as above. HBV: hepatitis B virus; HBsAg: hepatitis B virus surface antigen. The asterisks mean that the digested fragment of the HBV
expressing templates.

WJG|www.wjgnet.com

9562

August 28, 2015|Volume 21|Issue 32|

Wang J et al . Dual HBV-specific gRNAs inhibit HBV replication

B

Vector
5 + 12

0.9

0.6

0.3

Relative cccDNA level
(5 + 12 /Vetor)

12
+

5 + 12

5

D

Vector
a

30

0

HBeAg

120

60

r

C

HBsAg

90

to

0.0

120

Ve
c

a

00

a

D2
0

1.2

Relative HBV DNA level in supernatant
(5 + 12 /Vetor)

Relative expression level

A

90
2000 bp
60
1000 bp
30

750 bp

*

0

Figure 5 hepatitis B virus-specific gRNA could suppress the genotype D hepatitis B virus replication and destroy cccDNA. a: HepAD38 cells were
seeded into a 6 well plate. Then, gRNA-5 and -12 expression vectors (each 2 µg) were co-transfected into HepAD38 cells. HBsAg and HBeAg levels in the culture
supernatant of HepAD38 cells were measured at 72 h post transfection using a time-resolved fluoroimmunoassay; b: HBV DNA levels in the culture supernatant
of HepAD38 cells were measured at 72 h post transfection using real-time quantitative PCR; c: HBV cccDNA levels in HepAD38 cells were measured using KCl
precipitation, plasmid-safe ATP-dependent DNase (PSAD) digestion, rolling circle amplification and quantitative PCR combined method; d: PCR amplification was
performed using the primers beyond the cleavage sites of dual gRNAs following KCl precipitation, PSAD digestion and rolling circle amplification. HBV: hepatitis B
virus; HBsAg: hepatitis B virus surface antigen. The asterisk means the digested fragment of cccDNA.

health problem worldwide. Unfortunately, none of
the current therapy regimes could eradicate cccDNA
in the nucleus of infected hepatocytes, which is the
main cause of HBV persistent infection. In recent
years, new strategies focused on targeting cccDNA
are under intensive study. Three recent studies have
suggested the potential use of CRISPR/Cas9 genome
editing technique to cut HBV DNA and cccDNA in vitro
and in vivo, as well as for chronic or de novo HBV
[15-17]
infection
. However, those studies just focused
on single genotype HBV, genotype A or D. Since
genotypes B and C are also the major genotypes
in the world, particularly in China, in this study, 15
gRNAs were designed according to the HBV genome
sequences of genotypes A, B, C and D. These gRNAs
covered different regions of HBV genome, including
S, P, X, C, enhancer Ⅰ and basic core promoter (BCP)
regions. Our results here indicated that most of the
gRNAs could significantly suppress the production
of HBsAg and HBeAg. Interestingly, the suppressive
efficiency of different gRNAs varied depending on the
region in which they against.
As multiple gRNAs could be efficiently used to edit
genome, here different combinations of two gRNAs
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were used to suppress HBV replication in vitro. And
high efficiency against genotypes A-D HBV replication
was found in different dual gRNAs combinations.
However, the combination of gRNA-1 and 12 exhibited
an antagonistic effect in the suppression of HBsAg
production. Currently we are unable to explain
this phenomenon. A potential possibility is that the
combination of gRNAs-1 and -12 would cut off and
remove the fragment between the two cleavage sites,
where C, S promoter (Sp) and preS1 regions located.
As a result, the enhancer Ⅱ, the core promoter (Cp)
and the basic core promoter (BCP) regions were religated to the immediate upstream of S gene, and the
expression of HBsAg was transcriptionally enhanced.
In line with this, we found that dual gRNAs could
indeed remove the fragment specifically between the
two cleavage sites of gRNAs, which was confirmed by
PCR sequencing. Such antagonistic effect reminded us
that when multiple gRNAs were used in combination,
the side effect should be taken into consideration.
In addition to genotype, due to absence of proof
reading function of the viral reverse transcriptase
and a high replication rate, the HBV population in an
individual was a composition of genetically distinct but

9563

August 28, 2015|Volume 21|Issue 32|

Wang J et al . Dual HBV-specific gRNAs inhibit HBV replication

Innovations and breakthroughs

[29,30]

closely related variants known as quasispecies
.
It is likely that such variants will cause the imperfect
match between the designed gRNAs and their target
viral genome sequence. The off-target effect of
CRISPR/Cas system has been mentioned, and such
shortage could become an advantage when gRNAs
were used to guide the cleavage of the high variety
HBV genome in an infected individual. Just for this,
although the target sequence in HBV genotype B
harbors a one base mismatch with gRNA-13, it still
could be cleft (Figure 4F). Besides, we and others
[31,32]
have proved the oncogenicity of HBV integration
.
Potentially, multiple gRNAs can be used to remove
the integrated HBV DNA to cure the HBV-related HCC.
Most importantly, we found that wild-type HBV cccDNA
level in HepAD38 cells was significantly downregulated
by HBV-specific gRNA, which indicated that HBV
cccDNA could be destroyed by CRISPR/Cas9 system.
It is difficult to confirm the gRNA-induced destruction
of cccDNA by Southern blot for the low transfection
efficiency of the PX458 plasmid. We will demonstrate
the gRNA-induced destruction of cccDNA by Southern
blot when the CRISPR/Cas9 system was combined
with the recombinant adeno-associated virus system.
Above all, the indel mutation and destruction of
cccDNA should be the main reason of gRNA-induced
suppression of cccDNA replication.
Above all, we confirmed that CRISPR/Cas9
system had the potential to destroy cccDNA which
is the template of HBV replication. Our data further
demonstrated that dual gRNAs guided CRISPR/Cas9
system may be a useful tool to eradicate CHB and
HBV-related disease with infection by multiple HBV
genotypes. However, there is still a long way for the
treatment of HBV infected patients by CRISPR/Cas9
system. Next, we will validate the effect of HBVspecific gRNA on HBV replication in HBV transgenic
mice by hydrodynamic injection method or using the
adenovirus or adeno-associated virus system. In the
future, dual gRNAs guided CRISPR/Cas9 system will
be developed by adeno-associated virus system which
is a potential vector for gene therapy, and be used in
combination with the current NAs and/or IFN-α based
antiviral therapy for the possible clinical cure of CHB.

Eradication of cccDNA, the only way to reach the clinical cure of chronic
hepatitis B (CHB), is still an unresolved problem in the treatment of CHB.
Previous studies have reported that the CRISPR/Cas9 system can efficiently
cleave the expressing template of HBV. However, those studies just focus on
HBV of genotype A or D. Whereas, genotypes A, B, C, D are the predominant
genotypes of HBV in East Asia and other part of the world, so it is necessary
to design guide RNAs (gRNAs) specific for HBV genotypes A-D. Besides,
dual gRNAs can get the synergistic effect in genome editing. In this paper, we
evaluated the potential use of dual gRNAs guided CRISPR/Cas9 system to
clear the HBV genome of genotypes A-D.

Applications

This study provides a potential tool, the dual gRNAs guided CRISPR/Cas9
system, to eradicate CHB and HBV-related disease with infection by multiple
HBV genotypes. In the future, the dual gRNAs guided CRISPR/Cas9 system
will be developed by adeno-associated virus system which is a potential vector
for gene therapy, and be used in combination with the current NAs and/or
IFN-α based antiviral therapy for the possible clinical cure of CHB.

Terminology

The clustered regularly interspaced short palindromic repeats/Cas9 nuclease
(CRISPR/Cas9) system is a novel genome editing tool derived from the
adaptive immune system of bacteria and archaea. The CRISPR/Cas9 system
promotes genome editing by inducing a double-strand break (DSB) at the target
genomic locus. In the absence of a repair template, DSBs are re-ligated through
the non-homologous end joining process, which leads to the insertion/deletion
(indel) mutations.

Peer-review

The authors present a highly interesting functional study in which they showed
that dual gRNA guided CRISPR/Cas9 system can suppress replication of
multiple HBV genotypes as well as promote clearance of HBV cccDNA in the
cell culture. This paper confirms that the presented dual gRNA/CRISPR/Cas9
system might be a potential approach for eradication of HBV cccDNA and thus
considered a new and additional antiviral treatment option for CHB.
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ORIGINAL ARTICLE
Basic Study

Carvedilol may attenuate liver cirrhosis by inhibiting
angiogenesis through the VEGF-Src-ERK signaling pathway
Qian Ding, Xiang-Guo Tian, Yan Li, Qi-Zhi Wang, Chun-Qing Zhang

Abstract

Qian Ding, Xiang-Guo Tian, Yan Li, Qi-Zhi Wang, Chun-Qing
Zhang, Department of Gastroenterology, Provincial Hospital
Affiliated to Shandong University, Jinan 250021, Shandong
Province, China

AIM: To investigate the effect of carvedilol on angiogenesis
and the underlying signaling pathways.
METHODS: The effect of carvedilol on angiogenesis
was examined using a human umbilical vascular
endothelial cell (HUVEC) model. The effect of carvedilol
on cell viability was measured by CCK8 assay. Flow
cytometry was used to assess the effect of carvedilol
on cell cycle progression. Cell migration, transwell
migration and tube formation assays were performed
to analyze the effect of carvedilol on HUVEC function.
Vascular endothelial growth factor (VEGF) induced
activation of HUVECs, which were pretreated with
different carvedilol concentrations or none. Western
blot analysis detected the phosphorylation levels of
three cell signaling pathway proteins, VEGFR-2, Src,
and extracellular signal-regulated kinase (ERK). The
specific Src inhibitor PP2 was used to assess the role of
Src in the VEGF-induced angiogenic pathway.
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RESULTS: Carvedilol inhibited HUVEC proliferation
in a dose-dependent manner (IC50 = 38.5 mmol/L).
The distribution of cells in the S phase decreased from
43.6% to 37.2%, 35.6% and 17.8% by 1, 5 and 10
μmol/L carvedilol for 24 h, respectively. Carvedilol (10
μmol/L) reduced VEGF-induced HUVEC migration from
67.54 ± 7.83 to 37.11 ± 3.533 (P < 0.001). Carvedilol
concentrations of 5 μmol/L and 10 μmol/L reduced
cell invasion from 196.3% ± 18.76% to 114.0% ±
12.20% and 51.68% ± 8.28%, respectively. VEGFinduced tube formation was also reduced significantly
by 5 μmol/L and 10 μmol/L carvedilol from 286.0
± 36.72 to 135.7 ± 18.13 (P < 0.05) and 80.27 ±
11.16 (P < 0.01) respectively. We investigated several
intracellular protein levels to determine the reason for
these reductions. Treatment with 10 μmol/L carvedilol
reduced VEGF-induced tyrosine phosphorylation of
VEGFR-2 from 175.5% ± 8.54% to 52.67% ± 5.33%
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(P < 0.01). Additionally, 10 μmol/L carvedilol reduced
VEGF-induced ERK 1/2 phosphorylation from 181.9%
± 18.61% to 56.45% ± 7.64% (P < 0.01). The VEGFinduced increase in Src kinase activity was alleviated by
carvedilol [decreased from 141.8% ± 15.37% to 53.57
± 7.18% (P < 0.01) and 47.04% ± 9.74% (P < 0.01)
at concentrations of 5 and 10 μmol/L, respectively].
Pretreatment of HUVECs with Src kinase inhibitor
almost completely prevented the VEGF-induced ERK
upregulation [decreased from 213.2% ± 27.68% to
90.96% ± 17.16% (P < 0.01)].

[2,3]

favor fibrogenesis . Experimental anti-angiogenic
therapies, regardless of the specific drug or therapeutic
strategy employed, have resulted in significant
inhibition of fibrogenic progression, reductions
in inflammatory infiltrates and α-smooth muscle
actin-positive myofibroblasts, a decrease in portal
pressure, and, with some drugs, a reduction in portosystemic collateral vessel formation and splanchnic
vascularization in portal hypertensive animal models or
[2-4]
in cirrhotic animals .
During angiogenesis, multiple signaling pathways
are activated by various factors such as vascular
endothelial growth factor (VEGF), platelet-derived
growth factor, angiopoietin, Notch, Wnt, transforming
growth factor-β, and guanine nucleotide binding
regulatory protein-coupled receptor agonists,
with VEGF as a dominating player. VEGF-A is the
primary mediator of angiogenesis and primarily
activates the tyrosine kinase receptor VEGF receptor
[5]
(VEGFR)-2 . The activity of Src, a membraneassociated nonreceptor tyrosine kinase, is central in
signal transduction downstream of several growth
[6]
factor receptors including VEGFR . Its downstream
transduction pathways include phosphatidylinositol-3kinase, focal adhesion kinase, and mitogen-activated
[6]
protein kinase (MAPK) . The Ras/Raf/MEK/ERK
signaling pathway, also known as the extracellular
signal-regulated kinase (ERK) pathway, is the most
[7]
classical pathway of MAPK pathways , and plays an
[8,9]
important role in angiogenesis
The β-adrenergic system interferes with several
essential steps of neovascularization, thus providing
novel therapeutic opportunities for the use of β-blockers
in the treatment of angiogenesis-dependent diseases.
For instance, propranolol was reported to inhibit the
[10]
growth of capillary hemangiomas
and could inhibit
human umbilical vascular endothelial cell (HUVEC)
proliferation and migration, as well as the VEGF[11]
induced activation of VEGFR-2 in these cells .
Alpha-blockers also exhibited anti-angiogenic effects.
Doxazosin and terazosin inhibited the growth and tube
formation of human vascular endothelium cells and
[12,13]
suppressed angiogenesis in mice
. Prazosin has
also been reported to exhibit anti-angiogenic activity
and to differentially modulate apoptotic pathways
depending on the cell type. Patients with cirrhosis
exhibited increased levels of catecholamines with
[14]
increasing liver disease severity . Therefore, nonselective beta blockers (NSBBs) may be particularly
potent for the inhibition of angiogenesis in cirrhosis.
Carvedilol is a third-generation, nonselective-blocker
[15]
that also possesses α1-adrenergic blocking , antio
[16]
[17]
xidant , and calcium antagonist properties . Similar
to propranolol and nadolol, the current standard
NSBBs for treating portal hypertension, carvedilol has
been proposed for use in decreasing portal pressure.
Because of its α1- and β-blocking effects, carvedilol has
the potential to induce a more pronounced decrease in
portal pressure.

CONCLUSION: Carvedilol has an anti-angiogenic
effect on HUVECs. This inhibitory effect is mediated by
VEGF-induced Src-ERK signaling pathways.
Key words: Carvedilol; Adrenergic β-antagonists;
Angiogenesis; Liver cirrhosis; Drug utilization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Carvedilol has been used for the treatment
of portal hypertension for many years. In this study,
carvedilol directly inhibited the proliferation and
tube formation of cultured human umbilical vascular
endothelial cells. Moreover, this study is the first to
investigate the mechanism of the anti-angiogenic
effect of carvedilol, which functions by inhibiting
vascular endothelial growth factor-induced mitogenactivated protein kinase signaling pathways. These
novel activities of carvedilol provide insight into the
anti-angiogenic mechanisms involved, and highlight its
potential therapeutic application against angiogenesisdependent liver fibrosis.
Ding Q, Tian XG, Li Y, Wang QZ, Zhang CQ. Carvedilol may
attenuate liver cirrhosis by inhibiting angiogenesis through the
VEGF-Src-ERK signaling pathway. World J Gastroenterol 2015;
21(32): 9566-9576 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i32/9566.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9566

INTRODUCTION
Angiogenesis, the growth of new blood vessels from
pre-existing ones, is an essential process during
[1]
embryonic and postnatal development . Although
angiogenesis may be considered beneficial for tissue
growth and regeneration, as well as for the growth
and repair of injured tissues, the same process is
also currently believed to promote inflammatory
and fibro-proliferative diseases and malignancies in
different organs, including the chronically injured
liver. Data from the literature during the last
decade have unequivocally linked angiogenesis
with liver fibrogenesis and chronic liver disease
progression, suggesting that angiogenesis may
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The present study investigated whether carvedilol
can modulate HUVEC functions that are essential for
angiogenesis. We observed that carvedilol inhibited
growth factor-induced proliferation, migration, and
tube formation in vitro. We also found that carvedilol
caused G1 cell cycle arrest of HUVECs and inhibited
VEGF-induced MAPK signaling pathways. Taken
together, these novel activities of carvedilol provided
insight regarding the anti-angiogenic mechanisms
involved, and highlighted its potential therapeutic
application against angiogenesis-dependent liver
fibrosis.

temperature for 1 h in the dark before analysis. The
cell population fraction in each phase of the cell cycle
was determined as a function of the DNA content using
a BD Biosciences FACSCalibur flow cytometer equipped
with FACSDiva 7.0 software.

Endothelial cell migration assay

HUVECs were allowed to grow to full confluence in
6-well plates and then starved with cell medium
containing 1% FBS overnight to inactivate cell
proliferation. The next day, scrape wounds were made,
and the cells were treated with or without VEGF (50
ng/ml) and various concentrations of carvedilol for
24 h. Images were acquired at time 0 and 24 h after
scraping. ImageJ software was used to analyze the
areas of cell migration into the scrape wound.

MATERIALS AND METHODS
Cell culture

HUVECs were obtained from ATCC (Manassas, VA,
United States) and cultured in RPMI 1640 medium
containing 10% fetal calf serum, 100 U/ml penicillin,
and 100 mg/ml streptomycin at 37 ℃ in a humidified
atmosphere of 5% CO2.
Recombinant human VEGF 165 was obtained from
PeproTech (Rocky Hill, NJ, United States), and Matrigel
was obtained from BD Biosciences (Bedford, MA,
United States). Anti-phospho-VEGFR2 (Tyr1175), antitotal VEGFR, anti-phospho-p44/p42 MAPK (ERK 1/2),
anti-total ERK 1/2, anti-phospho-Src family (Thr416),
and anti-total Src family rabbit monoclonal antibodies
were obtained from Cell Signaling Technology (Bedford,
MA, United States). PP2 (Src family kinase inhibitor)
was obtained from Selleckchem (United States).

Endothelial cell transwell migration assay

Transwells (8-μm pore size; Costar) were precoated
with 0.1% gelatin for 30 min in a cell incubator. Then,
the transwells were washed with PBS and assembled
4
into 24-well plates. HUVECs (5 × 10 cells) suspen
ded in 100 μL of serum-free medium plus various
concentrations of carvedilol were seeded in the top
chambers, while 600 μL of serum-free medium was
added to the lower chamber. After 2 h, cell migration
was initiated by adding VEGF-enriched medium to the
lower chamber. The plate was incubated at 37 ℃ in
5% CO2/95% air for another 12 h. At the end of the
incubation period, the cells were fixed in 4% (v/v)
paraformaldehyde and stained with hematoxylin and
eosin. The migrated cells in the lower surface were
imaged and counted under a light microscope.

Cell counting Kit-8 assay

HUVECs were seeded in 96-well plates at 5000 cells/
well and allowed to adhere overnight. After the cells
were treated with various concentrations of carvedilol
dissolved in 1% FBS medium for 24 h, 10 μL of
cholecystokinin-8 (Beyotime, Haimen, Jiangsu, China)
was added to each well. The plates were incubated
at 37 ℃ for 2 h, and then the optical density (OD)
was measured at 450 nm using a scanning multi-well
spectrophotometer (Bio-Rad Model 550, CA, United
States). The cell inhibitory rate was calculated using
the following equation: cell inhibitory rate = [(OD
control group-OD experiment group)/OD control
group] × 100%. All experiments were performed in
triplicate and repeated three times.

Cell cycle analysis

Tube formation assay

Matrigel was thawed at 4 ℃ overnight before the
experiment. A 96-well plate was coated with cold
Matrigel and incubated for 0.5-1 h at 37 ℃. Carvedilol
and the VEGF-treated cell suspensions (100 mmol/L)
were added to the wells and were incubated at 37 ℃
with 5% CO2. The cells were monitored every 2 h
under a microscope for 6-12 h, and tube formation
was imaged at 8 h.

Western blot analysis

HUVECs were treated as described for the cell cycle
analysis. Then, the cells were harvested with trypsin/
EDTA (Clonetics) and lysed with RIPA buffer, which
contains 1% PMSF and 1% protein phosphatase
inhibitor mixture (Applygen, Beijing, China). The
protein concentration of the samples was determined
by the BCA assay (Biocolor Bioscience and Technology
Company) according to the manufacturer’s protocol.
Equal amounts of protein extracts (50 mg) were
subjected to electrophoretic analysis using a 10%
sodium dodecyl sulfate (SDS)/polyacrylamide gel
and transferred to PVDF membranes (Millipore, MA,
United States). The membranes were incubated

4

HUVECs were seeded at an initial density of 5 × 10
cells/mL and incubated with or without the indicated
concentration of carvedilol supplemented with 5%
FBS for 24 h. At the end of treatment, the cells were
collected by mild trypsin digestion, washed with icecold PBS and fixed in 70% (v/v) ethanol overnight
at 4 ℃. Then, the cells were stained with propidium
iodide (PI) working solution with 20 μg/ml RNase A
and 50 μg/ml PI for cellular DNA staining at room
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of the G0/G1 phase (P < 0.05 vs control), which
was associated with a reduction in S and M phases.
These data suggested that carvedilol inhibited HUVEC
proliferation by inhibiting cell cycle progression.
Treatment with 1, 5 and 10 μmol/L carvedilol for 20
h effectively decreased the distribution of cells in the
S phase from 43.6% to 37.2%, 35.6% and 17.8%,
respectively (Figure 2B).

Cell proliferation

Inhibitory effect (% of control)

120
100
80
60
40

Inhibitory effects of Carvedilol on chemotactic motility
in HUVECs

20
0

0

0.1

1
10
20
Carvedilol (μmol/L)

40

To assess the anti-angiogenic action of carvedilol in
vitro, we investigated the inhibitory effects of carvedilol
on the chemotactic motility of HUVECs by woundhealing migration assay (Figure 3) and Transwell assay
(Figure 4). We found that 10 μmol/L carvedilol could
reduce VEGF-induced HUVEC migration from 67.54%
± 7.831% to 37.11% ± 3.53% (P < 0.01) (Figure 3).
Cell invasion was also reduced significantly by 5 μmol/
L and 10 μmol/L carvedilol [from 196.3% ± 18.76% to
114.0% ± 12.20% (P < 0.05) and 51.68% ± 8.28% (P
< 0.01), respectively] (Figure 5). These data showed
that carvedilol can suppress HUVEC chemotactic
motility in a dose-dependent manner.

60

Figure 1 Effect of carvedilol on human umbilical vascular endothelial cell
proliferation. Subconfluent cultures of human umbilical vascular endothelial
cells were exposed to increasing concentrations of carvedilol (0.01-40 μmol/L),
and the extent of cell proliferation was measured by cholecystokinin-8 assay.
The values are the means of three independent experiments.

overnight with phospho-VEGFR, VEGFR, phospho-Src,
Src, phospho-ERK and ERK monoclonal antibodies.
Then, the membranes were washed and incubated
with species-specific horseradish peroxidase-labeled
secondary antibodies (Zhongshan Golden Bridge
Biotechnology, Beijing, China). Signal detection was
achieved using an enhanced chemiluminescence
system (ECL; Millipore, MA, United States) and
autoradiographed using X-ray film. Western blot results
were analyzed using MultiGauge Ver. 3.2 software
(Fujifilm Life Science, Japan) and all bands were
normalized to β-actin expression (AA128, Beyotime,
Nantong, China).

Inhibitory effects of carvedilol on tube formation in
HUVECs

To compare two or more groups with the control group,
one way analysis of variance followed by Dunnett’s test
was used. All statistical analyses were performed using
SPSS version 17.0 (SPSS Inc., Chicago, IL, United
States). The data are presented as the mean ± SE. P
values < 0.05 were considered statistically significant.

Tube formation in HUVECs incubated on Matrigelcoated plates represents the initial step in angio
genesis. To examine whether carvedilol can directly
inhibit angiogenesis, the effect of carvedilol on
tube formation was investigated using an in vitro
angiogenesis assay. When HUVECs were seeded
on growth factor-reduced Matrigel, robust tubularlike structures were formed in the presence of VEGF.
However, treatment with 5 and 10 μmol/L carvedilol
significantly suppressed VEGF-induced tube formation
from 286.0 ± 36.72 to 135.7 ± 18.13 (P < 0.05) and
80.27 ± 11.16 (P < 0.01). These results indicated that
carvedilol could block VEGF-induced angiogenesis in
vitro by inhibiting EC motility and tube formation.

RESULTS

Carvedilol suppresses VEGF-induced VEGFR2 and ERK
phosphorylation

Statistical analysis

Carvedilol inhibits HUVEC proliferation

The biological action of VEGF in ECs is mediated
primarily via VEGFR-2. VEGFR-2 is dimerized and autophosphorylated after binding with VEGF. Therefore,
we examined whether carvedilol could have an
effect on VEGF-induced tyrosine phosphorylation of
VEGFR-2. Quiescent HUVECs were pretreated with
various concentrations of carvedilol for 24 h and
then stimulated with 50 ng/mL VEGF for 2 h. We
observed that VEGF-induced tyrosine phosphorylation
of VEGFR-2 was reduced by carvedilol in a dosedependent manner [from 175.5% ± 8.54% to 129.6%
± 14.83% (P < 0.05), 103.5% ± 14.32% (P < 0.01)
and 52.67% ± 5.33% (P < 0.01) at concentrations of 1,
5 and 10 μmol/L, respectively] (Figure 6A).

HUVECs were treated with carvedilol for 24 h in a
concentration range of 0.01 to 40 μmol/L. As shown
in Figure 1, HUVEC proliferation was strongly inhibited
by carvedilol in a dose-dependent manner. The halfmaximal inhibition (IC50) was 38.5 μmol/L, which
suggested a specific inhibitory effect of carvedilol on
EC proliferation.

Carvedilol induces G1 phase arrest of ECs

To study the mechanism of carvedilol inhibition on
cell proliferation, we performed cell cycle analysis of
the carvedilol-treated HUVECs as shown in Figure 2.
Exposing HUVECs to carvedilol resulted in prolongation
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Figure 2 effects of carvedilol on cell cycle progression in human umbilical vascular endothelial cells. Cells were exposed to either control medium (containing
5% FBS) or medium containing the indicated concentrations of carvedilol and were treated as indicated in the Materials and Methods section. Representatives
cytometric profiles (upper) and the percentage of cells at G0/G1, S and G2/M phases (%) (lower). The DNA content was determined by measuring the fluorescence
intensity of incorporated propidium iodide.
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Figure 3 Effect of carvedilol on cell migration. A: HUVECs were scraped and then treated with or without VEGF (50 ng/ml) and various concentrations of
carvedilol. Images were taken at 0 and 24 h after scraping; B: Cell migration across the scraped area was determined using ImageJ software. (n = 12, aP < 0.05 vs
control, bP < 0.01 vs VEGF alone). HUVEC: human umbilical vascular endothelial cell; VEGF: vascular endothelial growth factor.
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Figure 4 Effect of carvedilol on cell invasion. A: HUVECs were seeded in the upper chamber of a Transwell and treated with various concentrations of carvedilol.
The bottom chamber was filled with VEGF-enriched media. After 12 h, the HUVECs that migrated through the membrane were stained by hematoxylin and eosin; B:
Cell numbers were quantified (n = 12, aP < 0.05 vs control, cP < 0.05, bP < 0.01 vs VEGF alone).

Quiescent HUVECs were treated as mentioned
above. Compared with the control group, the relative
protein expression of phospho-ERK increased in the
VEGF-treated group. Treatment with 1, 5, and 10
μmol/L carvedilol also reduced VEGF-induced ERK
1/2 phosphorylation (Figure 6B) in a dose-dependent
manner [from 181.9% ± 18.61% to 159.8% ±
20.52%, 124.3% ± 11.48% and 56.45% ± 7.64% (P
< 0.01), respectively].

213.2% ± 27.68% to 90.96% ± 17.16% (P < 0.01)].
Evidently, Src activation may be a preceding step in
the VEGF-induced upregulation of ERK and may play
an important role in angiogenesis. These findings
suggest that Src may serve as a mediating factor for
signaling from VEGFR to ERK during carvedilol-induced
inhibition of angiogenesis.

role of Src kinase in carvedilol-induced inhibition of
tyrosine phosphorylation of ERK1/2

Our present study is the first to demonstrate that
carvedilol inhibits VEGF-induced angiogenesis by
blocking the VEGF/VEGFR-Src-ERK mediated pathway.
The data obtained here provide a novel mechanism to
account for the inhibitory effect of carvedilol on VEGFmediated angiogenesis.
VEGF is a focus of applications of current concepts
in the development of new anti-cancer and anti[19,20]
angiogenetic therapies
, and is capable of
provoking angiogenesis by interacting with its two
receptor tyrosine kinases [VEGFR-1; Flt-1) and
[21,22]
VEGFR-2 (Flk-1)] expressed on ECs
. This study
demonstrated that carvedilol significantly suppressed
the VEGF-induced phosphorylation of Tyr1175 of
VEGFR-2, suggesting that carvedilol may exert antiangiogenic behavior by targeting VEGFR-2, and could
impair its associated downstream signal transduction
cascade. VEGFR-2 appears to mediate the majority

DISCUSSION

Because VEGFR-2 activation results in the activation
[18]
of the Src family kinase , we studied whether Src
kinase mediates tyrosine phosphorylation signaling
from VEGFR to ERK. First, we tested whether
carvedilol had an effect on VEGF-induced tyrosine
phosphorylation of Src. We observed an increase in
Src kinase activity in cells treated with VEGF for 30
min, and this increase was attenuated by carvedilol
[decreased from 141.8% ± 15.37% to 110.3% ±
10.40%, 53.57% ± 7.18% (P < 0.01) and 47.04%
± 9.74% (P < 0.01) at concentrations of 1, 5, and
10 μmol/L, respectively] (Figure 7A). Then, the
experiments illustrated in Figure 7B were conducted.
Pretreating HUVECs with PP2 (10 μmol/L), a Src kinase
inhibitor, almost completely prevented the VEGFinduced upregulation of ERK levels [decreased from
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Figure 5 Carvedilol inhibited the vascular endothelial growth factor-induced tube formation of human umbilical vascular endothelial cells. A: HUVECs
were placed in Matrigel with or without VEGF (50 ng/ml) in the presence or absence of different concentrations of carvedilol. After 8 h, tubular structures were imaged
(magnification, × 100); B: Quantification of the area of cell alignment was determined using ImageJ software (n = 3, aP < 0.05, bP < 0.01 vs VEGF alone).
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Figure 6 Effect of carvedilol on vascular endothelial growth factor angiogenic signaling. HUVECs were treated with VEGF (50 ng/ml) for 2 h in the presence
or absence of different concentrations of carvedilol. Cell lysates were processed as indicated in the Materials and Methods. p-VEGFR2/VEGFR2 (A) and p-ERK/ERK (B)
levels (n = 3, aP < 0.05 vs control, cP < 0.05, bP < 0.01 vs VEGF alone). ERK: extracellular signal-regulated kinase.

WJG|www.wjgnet.com

9572

August 28, 2015|Volume 21|Issue 32|

Ding Q et al . Anti-angiogenic effect of carvedilol

A

(μmol/L)
VEGF

0
-

Carvedilol
1
+

0
+

5
+

B

10
+

PP2
(μmol/L)
VEGF

p-Src

p-ERK

t-Src

t-ERK

200

0
-

0
+

a

150

p-ERK/ERK (% of control)

p-Src/Src (% of control)

5
+

300
a

100
b

b

50

0
Carv (μmol/L)

1
+

0

0

1

5

200

b
100

0
PP2 (μmol/L)

10

0

VEGF

0

5
VEGF

10

Figure 7 Role of Src in angiogenic signaling. A: HUVECs were treated with VEGF (50 ng/ml) for 2 h in the presence or absence of different concentrations
of PP2. Cell lysates were subjected to SDS-PAGE for Src phosphorylation; B: HUVECs were treated with VEGF (50 ng/ml) for 2 h in the presence or absence of
different concentrations of PP2. Cell lysates were processed as indicated in the Materials and Methods (n = 3, aP < 0.05 vs control, bP < 0.01 vs VEGF alone).
[2,3,33-35]

of the known cellular responses to VEGFA, and the
largest class of neoangiogenesis blocking drugs
are the multiple receptor tyrosine kinase inhibitors
that target VEGFR-2, such as sorafenib, vatalanib,
[23-25]
and TSU-68
. The present results showed that
carvedilol inhibited the phosphorylation of VEGFR-2,
and thus blocked the subsequent activation of
downstream signals. However, carvedilol did not
inhibit VEGFR-2 activation completely. Thus, other
signaling pathways may be involved in VEGFR-2 and
ERK activation in response to carvedilol; however,
this possibility requires further investigation. The
reduction in phosphorylated VEGFR-2 may explain
the reason for the observed decrease in the VEGFinduced phosphorylation of ERK1⁄2, the major
downstream target of VEGFR-2, following treatment
with carvedilol. Various agents have been shown to
block VEGFA-induced angiogenesis by inhibiting the
[26-28]
activation of the MAPK signal cascade
. VEGF[29,30]
mediated survival
and protection against receptor[31]
mediated apoptosis were Src-dependent . Thus, we
further investigated the effect of carvedilol on Src,
and showed that Src plays an important role in the
signaling process. However, the mechanism by which
carvedilol decreases VEGFR-2 phosphorylation requires
further investigation.
Historically, an interest in angiogenesis has been
associated with studies regarding cancer and factors
[32]
involved in tumor progression . Recent data regar
ding chronic liver diseases have demonstrated that
angiogenesis may contribute to the progression of
fibrosis during the wound healing process in chronic
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liver damage
. Anti-angiogenic therapy has been
found to be efficient in the prevention of fibrosis in
experimental models of chronic liver diseases; blocking
angiogenesis could be a promising therapeutic option
[36-38]
in patients with advanced fibrosis
. Carvedilol is a
cardiovascular drug that is licensed for the treatment
of chronic heart failure and is widely used to reduce
portal pressure in patients with cirrhosis. In the
present study, we extended the current knowledge
regarding the role of carvedilol in anti-angiogenesis.
[39]
Catecholamines exhibited pro-carcinogenic effects ,
and NSBBs antagonized catecholamine-driven cell
migration and tumor angiogenesis, invasiveness
and proliferation in gastric, breast and pancreatic
[40-42]
cancers
. A number of studies have recently
highlighted the potential anti-angiogenic properties
[10,43]
of β-blockers
. Carvedilol has also been shown
to inhibit the proliferation of various human cell lines
[44]
such as osteosarcoma MG63
and rat C6 glioma
[45]
cells . One report indicated that carvedilol could
[40]
inhibit tube formation similar to other β-blockers ;
however, no detailed mechanism had been explored.
Here, we demonstrated that carvedilol directly
inhibited the proliferation and formation of capillarylike tube structures in cultured HUVECs. Importantly,
we provided compelling evidence that activation
of the VEGFR/Src/ERK1/2 signaling pathway was
involved in the carvedilol-induced inhibition of
angiogenesis in HUVECs. Interestingly, carvedilol was
reported previously to have anti-inflammatory and
pro-angiogenic effects in a canine model of chronic
[40]
ischemic cardiomyopathy . Our study did not
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the tyrosine kinase receptor VEGF receptor (VEGFR)-2. Beta-blockers are
a class of drugs that could block the action of endogenous catecholamines,
epinephrine (adrenaline) and norepinephrine (noradrenaline), in particular on
adrenergic β-receptors.

contradict the results of that study because the model
and inducing factors are completely different. Taken
together, these studies suggest that carvedilol may
have a two-way regulatory effect on angiogenesis.
In addition to the effect of carvedilol on angio
genesis, carvedilol can induce human hepatoma
[46]
cell death . Because most cases of hepatocellular
carcinoma (HCC) develop in patients with chronic
[47,48]
liver disease (70%-90%)
, finding a drug that
would ameliorate either liver cirrhosis or HCC may
be beneficial for the other disease. One limitation
of our study was the lack of in vivo experiments;
however, carvedilol was reported previously to have
antifibrotic effects on chronic carbon tetrachloride[49]
induced liver damage , suggesting that carvedilol
may ameliorate liver fibrosis-related angiogenesis. We
are currently examining this possibility. If carvedilol
can be demonstrated to have anti-angiogenic and
anti-neoplastic effects, then patients with chronic liver
disease could benefit greatly from this treatment.
In conclusion, the results from the present study
indicate that carvedilol can exert an anti-angiogenic
effect by inhibiting the activation of the cSrc/ERK 1/2
signaling pathway. The findings from the present in
vitro studies strongly suggest the potential application
of carvedilol in the treatment of disorders associated
with localized angiogenesis. If this hypothesis holds
true, then the use of carvedilol in chronic liver disea
ses could be extended beyond the prevention of
variceal bleeding; its multiple effects including antiangiogenesis, anti-fibrosis, and even anti-cancer would
reinforce the recommendation of this drug as first-line
treatment in chronic liver disease patients.

Applications

These results strongly suggest the potential application of carvedilol in the
treatment of disorders associated with localized angiogenesis. The use of
carvedilol in chronic liver diseases could be extended beyond the prevention of
variceal bleeding; its multiple effects, including anti-angiogenesis, anti-fibrosis,
and even anti-neoplastic, would reinforce the recommendation of this drug as
first-line treatment in chronic liver disease patients.

Peer-review

This study investigated the effect of carvedilol on angiogenesis in vitro. The
results suggest that carvedilol could inhibit angiogenesis by blocking the VEGFinduced VEGFR-Src-Erk pathway. Thus, these findings suggest potential new
uses for carvedilol.
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Abstract

Institutional review board statement: The local Committee
for Medical and Health Research Ethics West, Norway approved
the study.

AIM: to determine whether the decreased density of
duodenal endocrine cells in irritable bowel syndrome
(IBS) is associated with abnormalities in stem cell
differentiation.

Informed consent statement: All the participants provided
informed written consent prior to study enrollment.

METHODS: The study sample comprised 203 patients
with IBS (180 females and 23 males with a mean age
of 36 years) and a control group of 86 healthy subjects
without gastrointestinal complaints (77 females and
9 males with a mean age of 38 years). The patients
included 80 with mostly diarrhoea (IBS-D), 47 with
both diarrhoea and constipation (IBS-M), and 76
with mostly constipation (IBS-C). Both the patients
and controls underwent gastroscopy and four biopsy
samples were taken from the descending part of
the duodenum, proximal to the papilla of Vater. The
biopsy samples were sectioned and immunostained for
Musashi 1 (Msi-1), neurogenin 3 (NEUROG3), secretin,
cholecystokinin (CCK), gastric inhibitory peptide
(GIP), somatostatin and serotonin. Immunostaining
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was performed with an ultraView Universal DAB
Detection Kit (v1.02.0018, Venata Medical Systems,
Basal, Switzerland) using the BenchMark Ultra
immunohistochemistry/in situ hybridization staining
module (Venata Medical Systems). Endocrine cell
densities were quantified by computerized image
analysis using the Olympus cellSens imaging program.
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com/1007-9327/full/v21/i32/9577.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9577

RESULTS: The densities of Msi-1 and NEUROG3 cells
were significantly lower in IBS patients, regardless of
the subtype, than in the controls (77 ± 17 vs 8 ± 2;
P = 0.0001, and 351 ± 33 vs 103 ± 22; P = 0.00002,
respectively). Furthermore, the densities of secretin,
and CCK cells were significantly lower in patients
with diarrhoea as the predominant IBS symptom
(IBS-D) than in the controls (161 ± 11 vs 88 ± 8; P
= 0.00007, and 325 ± 41 vs 118 ± 10; P = 0.00006,
respectively), but not in patients with constipation as
the predominant IBS symptom (IBS-C) or those with
both diarrhoea and constipation (IBS-M). The GIP cell
density was significantly reduced in both IBS-D (152
± 12 vs 82 ± 7; P = 0.00003), and IBS-C (152 ± 12
vs 107 ± 8; P = 0.01), but not in IBS-M. The densities
of somatostatin cells in the controls and the IBS-total,
IBS-D, IBS-M and IBS-C patients were 81 ± 8, 28 ±
2
3, 20 ± 4, 37 ± 5 and 28 ± 4 cells/mm epithelium,
respectively. The density of somatostatin cells was
lower in IBS-total, IBS-D, IBS-M and IBS-C patients
than in the controls (P = 0.00009, 0.00006, 0.009 and
0.00008, respectively). The density of serotonin cells
did not differ between IBS patients and controls.

Irritable bowel syndrome (IBS) is considered to
[1,2]
be a functional disorder of the colon
. There is
no test or examination for the diagnosis of IBS,
which is therefore a diagnosis of exclusion, whereby
examinations and tests are conducted to exclude
organic diseases that could explain the patient’s
[3-5]
symptoms
. Although attempts have been made
to achieve a positive diagnosis based on symptom
[6-10]
assessments
, this system is not widely used in
[4,11,12]
everyday clinical practice
. IBS does not develop
into a serious disease or cause death, but it does
[1]
significantly decrease the quality of life in patients .
Several abnormalities have been described in
the endocrine cells of the stomach, duodenum,
[13-29]
ileum and large intestine of IBS patients
. These
abnormalities are believed to play a major role in the
pathophysiology of the disorder and could represent a
[2,30-33]
potential tool for its treatment
. The duodenum
contains five endocrine cell types secreting secretin,
cholecystokinin (CCK), gastric inhibitory polypeptide
[34]
(GIP), somatostatin, and serotonin . The functions
and mode of actions of these hormones are described
[32-34]
in detail elsewhere
. Briefly, secretin, CCK, GIP and
serotonin inhibit gastric emptying. Whereas CCK and
serotonin stimulate intestinal motility, and secretin,
GIP and somatostatin inhibit its motility. Secretin
stimulates pancreatic bicarbonate and fluid secretion
and CCK stimulates pancreatic exocrine secretion. CCK
also stimulates gallbladder contraction and regulates
food intake. Somatostatin inhibits gut exocrine and
neuroendocrine secretion and serotonin conveys
sensation from the gut by activating submucosal
sensory neurons.
In congenital malabsorptive diarrhoea, a paucity
of intestinal endocrine cells is caused by a loss-offunction mutation in the gene encoding the protein
neurogenin 3 (NEUROG3), which is expressed in
the endocrine progenitor cells required for intestinal
[35]
endocrine development . Furthermore, a decrease
in the number of intestinal endocrine cells following
small intestine allograft rejection is associated with a
reduction in the progenitors of intestinal endocrine cells
[36]
that express NEUROG3 and NeuroD . It is therefore
logical to assume that the abnormalities encountered in
the small intestine of IBS patients are associated with
disturbance(s) in the small intestine stem cells and/or
their progenitors. In order to test this assumption,
cells expressing Musashi 1 (Msi-1, expressed in both
stem cells and in their early progeny) and NEUROG3
[37]
(expressed in early endocrine cell progenitors)
were investigated in the duodenum of IBS patients

INTRODUCTION

CONCLUSION: The reduction in duodenal endocrine
cells in IBS patients found in this study is probably
attributable to the reduction in cells expressing Msi-1
and NEUROG3.
Key words: Cholecystokinin; Irritable bowel syndrome;
Musashi-1; Neurogenin 3; Secretin; Somatostatin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: musashi 1 (Msi-1) is a marker for both
intestinal stem cells and their early progeny, and
neurogenin 3 (NEUROG3) is a marker for early
intestinal endocrine cell progenitors. The densities
of Msi-1 and NEUROG3 cells were reduced in the
duodenum of patients with irritable bowel syn
drome (IBS), regardless of the subtype, indicating
disturbances in both the clonogenic renewal of small
intestine stem cells and their proliferation toward
endocrine cells. It is most likely that the reduction in
the duodenal endocrine cells in patients with IBS is
caused by an abnormality in the stem cell clonogenic
and proliferation activities.
El-Salhy M, Hatlebakk JG, Hausken T. Reduction in duodenal
endocrine cells in irritable bowel syndrome is associated
with stem cell abnormalities. World J Gastroenterol 2015;
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and were compared with those in healthy volunteers.
Furthermore, the endocrine cell types known to occur
in the duodenum were investigated.

32 min at 37 ℃. The primary antibodies, which were
diluted as per the specific suppliers’ instructions, were
polyclonal rabbit anti-synthetic peptide conjugated
to keyhole limpet haemocyanin derived from within
residues 1-100 of human Msi-1 (code ab21628, Abcam,
Cambridge, United Kingdom), monoclonal mouse-antiprotein expressed in 293T cells transfected with human
NEUROG3 expression vector (code ab87108, Abcam),
polyclonal rabbit anti-human secretin (code sc-20938,
Santa Cruz Biotechnology, Santa Cruz, CA, United
States), rabbit antibodies against human synthetic
gastrin-17, which cross reacts with CCK (code A0568,
Dako, Glostrup, Denmark), mouse antibodies against
human synthetic GIP (code Sc-57162, Santa Cruz
Biotechnology), rabbit antibodies against synthetic
cyclic somatostatin (code A0566, Dako) and mouse
antibodies against serotonin (code R87104, Dako).

MATERIALS AND METHODS
Patients

Patients with IBS according to Rome Ⅲ criteria were
[9,10]
recruited from those referred to Stord Hospital
.
Thus, 203 patients with IBS were included in the
study. They were 180 females and 23 males with a
mean age of 36 years (range: 18-66 years). These
patients included 80 with mostly diarrhoea (IBS-D),
47 with diarrhoea and constipation (IBS-M), and 76
with mostly constipation (IBS-C). All of the patients
had a long duration of IBS symptoms and a symptom
onset that was not associated with any gastrointestinal
infections. The patients were examined physically,
and blood tests were taken to exclude inflammation,
and liver, kidney and thyroid diseases. Microscopic
colitis was excluded by examining tissue obtained by
colonoscopy with segmental biopsy sampling.
Eighty sex-matched healthy subjects were included
as controls. They were 77 females and 9 males (mean
age, 38 years; age range: 18-67 years). Of these
subjects, 59 were healthy volunteers recruited at
Stord Hospital, Haukeland University Hospital, and
the University of Bergen. Fifteen were recruited from
the population of Stord city and 44 were university
students or hospital employees. A further 27 were
healthy subjects who underwent gastroscopy because
of health worries due to a relative being diagnosed
with cancer.
The local Committee for Medical and Health
Research Ethics West, Norway approved the study.
Both patients and healthy volunteers gave oral and
written consent.

Quantification

Cell densities were quantified using the Olympus
cellSens imaging program (version 1.7). A microscope
(BX 43, Olympus, Tokyo, Japan) equipped with a
digital camera (DP 26, Olympus) was used. The
number of immunoreactive cells, the number of
crypts and the area containing epithelial cells were
measured. A × 40 objective was used, and each
2
frame (field) represented a tissue area of 0.035 mm .
Immunoreactive cells were measured in ten fields,
which were chosen randomly. Immunostained sections
from the IBS patients and controls were coded, and
measurements were made by the same person (M.E.),
who was not aware of the identity of the sections. Cell
density is expressed as the number of cells per 100
crypts (for Msi-1 and NEUROG3) or the number of
cells per square millimetre of epithelium (for endocrine
cells).

Statistical analysis

Gastroscopy, histopathology and
immunohistochemistry

Differences in gender between the patients and
2
controls were determined using the χ test, and the
incidence of H. pylori infection with Fisher’s exact test.
The Mann-Whitney non-parametric test was used to
establish the difference in age between the patients
and controls. The Kruskal-Wallis non-parametric
test with Dunn’s post-test was used to identify the
differences between controls, all IBS patients (IBStotal), and IBS-D, IBS-M, and IBS-C patients. The data
are given as mean ± SE values, and P < 0.05 was
considered statistically significant.

Both the patients and controls underwent standard
gastroscopy after an overnight fast, during which four
biopsy samples were taken from the descending part
of the duodenum, proximal to the papilla of Vater.
Biopsy samples were also taken from the antral part
of the stomach and used to identify the presence of
Helicobacter pylori (H. pylori) (HelicotecUT Plus, Strong
Biotech, Taipei, Taiwan).
After fixation in 4% buffered paraformaldehyde,
paraffin-embedded biopsies were cut into sections 5
μm thick. The sections were stained with hematoxylineosin and immunostained with an ultraView Universal
DAB Detection Kit (v1.02.0018, Venata Medical
Systems, Basal, Switzerland) using the BenchMark
Ultra immunohistochemistry/in situ hybridization
staining module (Venata Medical Systems). The
sections were incubated with primary antibodies for

WJG|www.wjgnet.com

RESULTS
Patients

Neither gender nor age distribution differed sign
ificantly between the patients and the controls (P =
1.0 and 0.6, respectively). H. pylori was found in 12
patients and in 8 healthy subjects, which was not
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Figure 1 Densities of musashi 1 and neurogenin 3 cells in controls and irritable bowel syndrome-total, irritable bowel syndrome-C, irritable bowel
syndrome-D and irritable bowel syndrome-M patients. aP < 0.05, bP < 0.001 vs the control group.

A

B

20 μm

C

20 μm

D

20 μm

20 μm

Figure 2 musashi-1-immunoreactive cells (arrows) in representative subjects from the (A) control, (B) irritable bowel syndrome-D, (C) irritable bowel
syndrome-M and (D) irritable bowel syndrome-C patients.

CCK, GIP, somatostatin and serotonin cells were
localized mostly in the crypts.

statistically significant (P = 0.6).

Gastroscopy, histopathology and
immunohistochemistry

Quantification

Msi-1: The numbers of Msi-1 cells were 77 ± 17, 8 ±
2, 4 ± 0.7, 8 ± 3 and 15 ± 5 cells/100 crypts in the
controls, IBS-total, IBS-D, IBS-M, and IBS-C patients,
respectively (Figures 1 and 2). The Kruskal-Wallis test
showed that these results were significant (P = 0.002).
Dunn’s post-test revealed that the density of Msi-1
cells was lower in IBS-total, IBS-D, IBS-M, and IBS-C
than in the controls (P = 0.0001, 0.0005, 0.002, and

The duodenum of both the patients and controls was
normal both endoscopically and microscopically. Msi-1
immunoreactivity was observed in both the cytoplasm
and nucleus, and immunoreactive cells were found in
the crypts of the duodenum of both the patients and
the controls. NEUROG3 immunoreactivity was found
exclusively in the nuclei of cells, which were observed
in both the crypts and alongside the villi; secretin,
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A
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Figure 3 neurogenin 3-immunoreactive cell nuclei (arrows) in (A) a control subject, (B) irritable bowel syndrome-D, (C) irritable bowel syndrome-M and (D)
irritable bowel syndrome-C patients.

that the density of CCK cells was significantly lower in
IBS-total and IBS-D patients than in the controls (P =
0.00007 and 0.00006).

0.04, respectively).
NEUROG3: The densities of NEUROG3 cells in the
controls and IBS-total, IBS-D, IBS-M and IBS-C
patients were 351 ± 33, 103 ± 22, 83 ± 24, 87 ±
34,142 ± 58 and 149 ± 17 cells/100 crypts, res
pectively (Figure 1 and 3). The Kruskal-Wallis test
showed that these results were significant (P =
0.00004). The density of NEUROG3 cells was lower
in IBS-total, IBS-D, IBS-M and IBS-C than in the
controls (P = 0.00002, 0.00003, 0.001 and 0.0009,
respectively).

GIP: The densities of GIP cells in the controls and
IBS-total, IBS-D, IBS-M and IBS-C patients were
152 ± 12, 103 ± 5, 82 ± 7, 116 ± 6, and 107 ± 8
2
cells/mm epithelium, respectively (Figures 4 and
7). The Kruskal-Wallis test showed that these results
were significant (P = 0.00008). The GIP cell density
was significantly lower in IBS-total, IBS-D and IBS-C
patients than in the controls (P = 0.0006, 0.00003 and
0.01, respectively).

Secretin: The densities of secretin cells were 161 ±
2
11, 121 ± 7, 88 ± 8, 56 ± 13 and 133 ± 10 cells/mm
epithelium in the controls and the IBS-total, IBS-D,
IBS-M and IBS-C patients, respectively (Figures 4 and
5). A comparison between the controls, IBS-total and
IBS subgroups using the Kruskal-Wallis test revealed
significant differences (P = 0.00003). The density
of secretin cells was lower in both the IBS-total and
IBS-D patients than in the controls (P = 0.001 and
0.00007, respectively).

Somatostatin: The densities of somatostatin cells in
the controls and the IBS-total, IBS-D, IBS-M and IBS-C
patients were 81 ± 8, 28 ± 3, 20 ± 4, 37 ± 5 and 28
2
± 4 cells/mm epithelium, respectively (Figure 4). The
Kruskal-Wallis test showed that these results were
significant (P = 0.00004). The density of somatostatin
cells was lower in IBS-total, IBS-D, IBS-M and IBS-C
patients than in the controls (P = 0.00009, 0.00006,
0.009 and 0.00008, respectively).

CCK: The densities of CCK cells were 325 ± 41, 186
2
± 14, 118 ± 10, 242 ± 37 and 224 ± 20 cells/mm
epithelium in the controls and the IBS-total, IBS-D,
IBS-M and IBS-C patients, respectively (Figures 4 and
6). The Kruskal-Wallis test showed that these results
were significant (P < 0.00008). Post-testing revealed

Serotonin: The densities of serotonin cells were 117
± 15, 160 ± 10, 169 ± 18, 167 ± 16 and 149 ± 17
2
cells/mm epithelium in the controls and the IBS-total,
IBS-D, IBS-M and IBS-C patients, respectively (P =
0.06, Kruskal-Wallis test). There were no significant
differences in the densities of serotonin cells between
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Figure 4 Densities of secretin, cholecystokinin, gastric inhibitory peptide, somatostatin and serotonin cells in controls and irritable bowel syndrome-total,
irritable bowel syndrome-D, irritable bowel syndrome-M and irritable bowel syndrome-C patients. aP < 0.05, bP < 0.001 vs the control group.

the controls and the IBS-total and IBS subtypes (Figure
4).

was reduced in the duodenum of all patients with
IBS, again regardless of the subtype. A reduction
in NEUROG3-expressing cells has been found in
[35]
congenital malabsorptive diarrhoea , and a reduction
in intestinal endocrine cells has been noted in small
[36]
intestine allograft rejection . Moreover, NEUROG3knockout mice failed to develop any intestinal endocrine
[43]
cells . It is therefore logical to assume that the
reduction in duodenal endocrine cells in IBS patients
observed herein is attributable to the reduction in cells
expressing Msi-1 and NEUROG3.
The abnormalities in duodenal endocrine cells
observed in this study are in line with those reported

DISCUSSION
Msi-1 is a marker for both intestinal stem cells and
[37-40]
their early progeny
. The present study found that
the Msi-1 cell density was reduced in the duodenum
of all IBS patients, regardless of the subtype. This
finding indicates that the clonogenic renewal of small
intestine stem cells is reduced in patients with IBS.
Furthermore, cells expressing NEUROG3, which is
[36,41,42]
a marker for early intestinal cell progenitors
,
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Figure 5 Secretin cells (arrows) in (A) a control subject (B) irritable bowel syndrome-D, (C) irritable bowel syndrome-M and (D) irritable bowel syndrome-C
patients.
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20 μm

Figure 6 cholecystokinin-immunoreactive cells (arrows) in (A) a control subject (B) irritable bowel syndrome-D, (C) irritable bowel syndrome-M and (D)
irritable bowel syndrome-C patients.
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Figure 7 gastric inhibitory peptide cells (arrows) in (A) a control subject (B) irritable bowel syndrome-D, (C) irritable bowel syndrome-M and (D) irritable
bowel syndrome-C patients.
[17]

[22]

in the stomach of IBS patients . Given that gastric
acid secretion is stimulated by gastrin and inhibited by
somatostatin, it has been suggested that gastric acid
secretion is increased in IBS. The present findings,
[17]
together with those reported previously , may
explain the high incidence of dyspepsia and gastro[44-52]
oesophageal reflux found in IBS patients
.
Intestinal stem cell self-renewal (clonogeny)
and proliferation are regulated by several signalling
[37]
pathways . Several factors, such as hereditary, diet,
intestinal bacterial flora and low-grade inflammation,
have been demonstrated to play an important role
in the pathophysiology of IBS. Changes in diet,
intestinal bacterial flora and low-grade inflammation
have been reported to affect the density of gut
[34,53,54]
endocrine cells
. It is tempting to speculate that
the factors that have been demonstrated to play a
major role in the pathophysiology of IBS can affect
the signalling pathways for stem cell clonogenic
renewal and proliferation, resulting in abnormalities in
gastrointestinal endocrine cells with the development
of IBS symptoms.

elsewhere . Thus, the densities of secretin and CCK
cells were reduced in IBS-D, and those of GIP and
somatostatin cells were reduced in IBS-D and IBS-C.
The present study also showed that the only cell type
in which the density was reduced in IBS-M, an IBS
subtype that has not been investigated previously in
this regard, was somatostatin cells. The present finding
of unaffected serotonin cells in the small intestine of
IBS patients is in agreement with previously reported
[22,27,29]
observations
.
It is interesting that changes in the density of
duodenal endocrine cells differ with IBS subtype, being
highest in IBS-D and lowest in IBS-M. The impact
of the reduction in endocrine cell types in each IBS
subtype on symptom development has been discussed
[22]
previously . It is believed that the reduction in
secretin- and CCK-cell densities in IBS-D may lead
to low levels of secretion of bicarbonate, pancreatic
enzymes and bile salts, resulting in diarrhoea.
Furthermore, as secretin inhibits intestinal motility
[33]
and both secretin and CCK inhibit gastric emptying ,
any reduction in the population of these cells would
contribute to the development of diarrhoea. Secretin,
[33]
GIP and somatostatin inhibit gastric acid secretion ,
and as all of the IBS subtypes are associated with a
reduction in the density of one or more of the cells
secreting these hormones, they may also exhibit
a high level of gastric acid secretion. It has been
demonstrated that the antral gastrin cell density is
increased and somatostatin cell density decreased

WJG|www.wjgnet.com
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cell clonogeny: represents self-renewal, in which stem cells divide into a new
identical cells; stem cell differentiation progeny activity: stem cells differentiate
into two lineages: the secretory lineage and absorptive lineage. The secretory
lineage gives rise to goblet, endocrine and Paneth cells and the absorptive
lineage to absorptive enterocytes.
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Peer-review

In this article, the authors found that the reduction in the duodenal endocrine
cells in patients with IBS is caused by an abnormality in the stem-cell
clonogenic and proliferation activities. This is a well-written paper containing
interesting results.

18

REFERENCES
1
2

3

4

5

19

El-Salhy M, Gundersen D, Hatlebakk JG, Hausken T. Irritable
bowel syndrome: diagnosis, pathogenesis and treatment options.
New York: Nova Science Publishers, Inc., 2012
El-Salhy M, Hatlebakk JG, Gilja OH, Hausken T. Irritable bowel
syndrome: recent developments in diagnosis, pathophysiology,
and treatment. Expert Rev Gastroenterol Hepatol 2014; 8: 435-443
[PMID: 24580043 DOI: 10.1586/17474124.2014.888952]
Camilleri M. Do the Symptom-Based, Rome Criteria of Irritable
Bowel Syndrome Lead to Better Diagnosis and Treatment
Outcomes? The Con Argument. Clin Gastroenterol Hepatol 2009; 8:
129 [PMID: 20182528 DOI: 10.1016/j.cgh.2009.10.009]
Quigley EM. The ‘con’ case. The Rome process and functional
gastrointestinal disorders: the barbarians are at the gate!
Neurogastroenterol Motil 2007; 19: 793-797 [PMID: 17883430
DOI: 10.1111/j.1365-2982.2007.01000.x]
Jellema P, van der Windt DA, Schellevis FG, van der Horst
HE. Systematic review: accuracy of symptom-based criteria for
diagnosis of irritable bowel syndrome in primary care. Aliment
Pharmacol Ther 2009; 30: 695-706 [PMID: 19575763 DOI:

WJG|www.wjgnet.com

20

21

22

23

9585

10.1111/j.1365-2036.2009.04087.x]
Manning AP, Thompson WG, Heaton KW, Morris AF. Towards
positive diagnosis of the irritable bowel. Br Med J 1978; 2:
653-654 [PMID: 698649]
Drossman DA. Rome III: the new criteria. Chin J Dig Dis 2006; 7:
181-185 [PMID: 17054578 DOI: 10.1111/j.1443-9573.2006.00265.
x]
Drossman DA. The functional gastrointestinal disorders and the
Rome II process. Gut 1999; 45 Suppl 2: II1-II5 [PMID: 10457038]
Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F,
Spiller RC. Functional bowel disorders. Gastroenterology 2006; 130:
1480-1491 [PMID: 16678561 DOI: 10.1053/j.gastro.2005.11.061]
Spiller R, Aziz Q, Creed F, Emmanuel A, Houghton L, Hungin P,
Jones R, Kumar D, Rubin G, Trudgill N, Whorwell P. Guidelines
on the irritable bowel syndrome: mechanisms and practical
management. Gut 2007; 56: 1770-1798 [PMID: 17488783 DOI:
10.1136/gut.2007.119446]
Gladman LM, Gorard DA. General practitioner and hospital
specialist attitudes to functional gastrointestinal disorders. Aliment
Pharmacol Ther 2003; 17: 651-654 [PMID: 12641513]
Barbara G, Stanghellini V. Biomarkers in IBS: when will they
replace symptoms for diagnosis and management? Gut 2009; 58:
1571-1575 [PMID: 19923339 DOI: 10.1136/gut.2008.169672]
Dizdar V, Spiller R, Singh G, Hanevik K, Gilja OH, ElSalhy M, Hausken T. Relative importance of abnormalities of
CCK and 5-HT (serotonin) in Giardia-induced post-infectious
irritable bowel syndrome and functional dyspepsia. Aliment
Pharmacol Ther 2010; 31: 883-891 [PMID: 20132151 DOI: 10.1111/
j.1365-2036.2010.04251.x]
El-Salhy M, Gilja OH, Gundersen D, Hatlebakk JG, Hausken
T. Duodenal chromogranin a cell density as a biomarker for the
diagnosis of irritable bowel syndrome. Gastroenterol Res Pract
2014; 2014: 462856 [PMID: 25028588 DOI: 10.1155/2014/462856]
El-Salhy M, Gilja OH, Gundersen D, Hatlebakk JG, Hausken
T. Endocrine cells in the ileum of patients with irritable bowel
syndrome. World J Gastroenterol 2014; 20: 2383-2391 [PMID:
24605036 DOI: 10.3748/wjg.v20.i9.2383]
El-Salhy M, Gilja OH, Gundersen D, Hausken T. Endocrine cells
in the oxyntic mucosa of the stomach in patients with irritable
bowel syndrome. World J Gastrointest Endosc 2014; 6: 176-185
[PMID: 24891930 DOI: 10.4253/wjge.v6.i5.176]
El-Salhy M, Gilja OH, Hatlebakk JG, Hausken T. Stomach antral
endocrine cells in patients with irritable bowel syndrome. Int J
Mol Med 2014; 34: 967-974 [PMID: 25110039 DOI: 10.3892/
ijmm.2014.1887]
El-Salhy M, Gilja OH, Hausken T. Chromogranin A cells in the
stomachs of patients with sporadic irritable bowel syndrome. Mol
Med Rep 2014; 10: 1753-1757 [PMID: 25109259 DOI: 10.3892/
mmr.2014.2472]
El-Salhy M, Gundersen D, Hatlebakk JG, Gilja OH, Hausken T.
Abnormal rectal endocrine cells in patients with irritable bowel
syndrome. Regul Pept 2014; 188: 60-65 [PMID: 24316398 DOI:
10.1016/j.regpep.2013.11.005]
El-Salhy M, Gundersen D, Ostgaard H, Lomholt-Beck B,
Hatlebakk JG, Hausken T. Low densities of serotonin and peptide
YY cells in the colon of patients with irritable bowel syndrome.
Dig Dis Sci 2012; 57: 873-878 [PMID: 22057239 DOI: 10.1007/
s10620-011-1948-8]
El-Salhy M, Hatlebakk JG, Gilja OH, Hausken T. Densities of
rectal peptide YY and somatostatin cells as biomarkers for the
diagnosis of irritable bowel syndrome. Peptides 2015; 67: 12-19
[PMID: 25765365 DOI: 10.1016/j.peptides.2015.02.008]
El-Salhy M, Vaali K, Dizdar V, Hausken T. Abnormal smallintestinal endocrine cells in patients with irritable bowel syndrome.
Dig Dis Sci 2010; 55: 3508-3513 [PMID: 20300845 DOI: 10.1007/
s10620-010-1169-6]
El-Salhy M, Lomholt-Beck B, Hausken T. Chromogranin A as a
possible tool in the diagnosis of irritable bowel syndrome. Scand
J Gastroenterol 2010; 45: 1435-1439 [PMID: 20602602 DOI:

August 28, 2015|Volume 21|Issue 32|

El-Salhy M et al . Stem cells and IBS

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

10.3109/00365521.2010.503965]
El-Salhy M, Wendelbo I, Gundersen D. Serotonin and serotonin
transporter in the rectum of patients with irritable bowel disease.
Mol Med Rep 2013; 8: 451-455 [PMID: 23778763 DOI: 10.3892/
mmr.2013.1525]
El-Salhy M, Wendelbo IH, Gundersen D. Reduced chromogranin
A cell density in the ileum of patients with irritable bowel
syndrome. Mol Med Rep 2013; 7: 1241-1244 [PMID: 23426642
DOI: 10.3892/mmr.2013.1325]
Wendelbo I, Mazzawi T, El-Salhy M. Increased serotonin
transporter immunoreactivity intensity in the ileum of patients with
irritable bowel disease. Mol Med Rep 2014; 9: 180-184 [PMID:
24213511 DOI: 10.3892/mmr.2013.1784]
Park JH, Rhee PL, Kim G, Lee JH, Kim YH, Kim JJ, Rhee JC,
Song SY. Enteroendocrine cell counts correlate with visceral
hypersensitivity in patients with diarrhoea-predominant irritable
bowel syndrome. Neurogastroenterol Motil 2006; 18: 539-546
[PMID: 16771769 DOI: 10.1111/j.1365-2982.2006.00771.x]
Coates MD, Mahoney CR, Linden DR, Sampson JE, Chen J,
Blaszyk H, Crowell MD, Sharkey KA, Gershon MD, Mawe GM,
Moses PL. Molecular defects in mucosal serotonin content and
decreased serotonin reuptake transporter in ulcerative colitis and
irritable bowel syndrome. Gastroenterology 2004; 126: 1657-1664
[PMID: 15188158]
Wang SH, Dong L, Luo JY, Gong J, Li L, Lu XL, Han SP.
Decreased expression of serotonin in the jejunum and increased
numbers of mast cells in the terminal ileum in patients with
irritable bowel syndrome. World J Gastroenterol 2007; 13:
6041-6047 [PMID: 18023097]
Camilleri M. Physiological underpinnings of irritable bowel
syndrome: neurohormonal mechanisms. J Physiol 2014; 592:
2967-2980 [PMID: 24665101 DOI: 10.1113/jphysiol.2014.270892]
El-Salhy M, Gilja OH, Gundersen D, Hatlebakk JG, Hausken
T. Interaction between ingested nutrients and gut endocrine
cells in patients with irritable bowel syndrome (review). Int J
Mol Med 2014; 34: 363-371 [PMID: 24939595 DOI: 10.3892/
ijmm.2014.1811]
El-Salhy M, Gundersen D, Gilja OH, Hatlebakk JG, Hausken
T. Is irritable bowel syndrome an organic disorder? World J
Gastroenterol 2014; 20: 384-400 [PMID: 24574708 DOI: 10.3748/
wjg.v20.i2.384]
El-Salhy M, Seim I, Chopin L, Gundersen D, Hatlebakk JG,
Hausken T. Irritable bowel syndrome: the role of gut neuro
endocrine peptides. Front Biosci (Elite Ed) 2012; 4: 2783-2800
[PMID: 22652678]
El-Salhy M. Irritable bowel syndrome: diagnosis and pathogenesis.
World J Gastroenterol 2012; 18: 5151-5163 [PMID: 23066308
DOI: 10.3748/wjg.v18.i37.5151]
Wang J, Cortina G, Wu SV, Tran R, Cho JH, Tsai MJ, Bailey TJ,
Jamrich M, Ament ME, Treem WR, Hill ID, Vargas JH, Gershman
G, Farmer DG, Reyen L, Martín MG. Mutant neurogenin-3 in
congenital malabsorptive diarrhea. N Engl J Med 2006; 355:
270-280 [PMID: 16855267 DOI: 10.1056/NEJMoa054288]
Fishbein TM, Novitskiy G, Lough DM, Matsumoto C,
Kaufman SS, Shetty K, Zasloff M. Rejection reversibly alters
enteroendocrine cell renewal in the transplanted small intestine.
Am J Transplant 2009; 9: 1620-1628 [PMID: 19519821 DOI:
10.1111/j.1600-6143.2009.02681.x]
Montgomery RK, Breault DT. Small intestinal stem cell
markers. J Anat 2008; 213: 52-58 [PMID: 18638070 DOI: 10.1111/
j.1469-7580.2008.00925.x]
Potten CS, Booth C, Tudor GL, Booth D, Brady G, Hurley P,
Ashton G, Clarke R, Sakakibara S, Okano H. Identification of a
putative intestinal stem cell and early lineage marker; musashi-1.
Differentiation 2003; 71: 28-41 [PMID: 12558601]
Kayahara T, Sawada M, Takaishi S, Fukui H, Seno H, Fukuzawa
H, Suzuki K, Hiai H, Kageyama R, Okano H, Chiba T. Candidate
markers for stem and early progenitor cells, Musashi-1 and

WJG|www.wjgnet.com

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

9586

Hes1, are expressed in crypt base columnar cells of mouse small
intestine. FEBS Lett 2003; 535: 131-135 [PMID: 12560091]
He XC, Yin T, Grindley JC, Tian Q, Sato T, Tao WA, Dirisina R,
Porter-Westpfahl KS, Hembree M, Johnson T, Wiedemann LM,
Barrett TA, Hood L, Wu H, Li L. PTEN-deficient intestinal stem
cells initiate intestinal polyposis. Nat Genet 2007; 39: 189-198
[PMID: 17237784 DOI: 10.1038/ng1928]
Schonhoff SE, Giel-Moloney M, Leiter AB. Minireview:
Development and differentiation of gut endocrine cells.
Endocrinology 2004; 145: 2639-2644 [PMID: 15044355 DOI:
10.1210/en.2004-0051]
Schonhoff SE, Giel-Moloney M, Leiter AB. Neurogenin
3-expressing progenitor cells in the gastrointestinal tract
differentiate into both endocrine and non-endocrine cell types.
Dev Biol 2004; 270: 443-454 [PMID: 15183725 DOI: 10.1016/
j.ydbio.2004.03.013]
Jenny M, Uhl C, Roche C, Duluc I, Guillermin V, Guillemot F,
Jensen J, Kedinger M, Gradwohl G. Neurogenin3 is differentially
required for endocrine cell fate specification in the intestinal
and gastric epithelium. EMBO J 2002; 21: 6338-6347 [PMID:
12456641]
Pourhoseingholi A, Vahedi M, Pourhoseingholi MA, Ashtari
S, Moghimi-Dehkordi B, Safaee A, Zali MR. Irritable bowel
syndrome, gastro-oesophageal reflux disease and dyspepsia: overlap
analysis using loglinear models. Arab J Gastroenterol 2012; 13:
20-23 [PMID: 22560820 DOI: 10.1016/j.ajg.2012.02.005]
Kim HG, Lee KJ, Lim SG, Jung JY, Cho SW. G-Protein Beta3
Subunit C825T Polymorphism in Patients With Overlap Syndrome
of Functional Dyspepsia and Irritable Bowel Syndrome. J
Neurogastroenterol Motil 2012; 18: 205-210 [PMID: 22523731
DOI: 10.5056/jnm.2012.18.2.205]
Suzuki H, Hibi T. Overlap syndrome of functional dyspepsia and
irritable bowel syndrome - are both diseases mutually exclusive?
J Neurogastroenterol Motil 2011; 17: 360-365 [PMID: 22148104
DOI: 10.5056/jnm.2011.17.4.360]
Nakajima S, Takahashi K, Sato J, Fukuda M, Yamamoto K, Inoue
T, Okumura Y, Fujiyama Y. Spectra of functional gastrointestinal
disorders diagnosed by Rome III integrative questionnaire in
a Japanese outpatient office and the impact of overlapping. J
Gastroenterol Hepatol 2010; 25 Suppl 1: S138-S143 [PMID:
20586856 DOI: 10.1111/j.1440-1746.2010.06244.x]
Olafsdottir LB, Gudjonsson H, Jonsdottir HH, Thjodleifsson
B. Stability of the irritable bowel syndrome and subgroups as
measured by three diagnostic criteria - a 10-year follow-up study.
Aliment Pharmacol Ther 2010; 32: 670-680 [PMID: 20604748
DOI: 10.1111/j.1365-2036.2010.04388.x]
Kaji M, Fujiwara Y, Shiba M, Kohata Y, Yamagami H, Tanigawa T,
Watanabe K, Watanabe T, Tominaga K, Arakawa T. Prevalence of
overlaps between GERD, FD and IBS and impact on health-related
quality of life. J Gastroenterol Hepatol 2010; 25: 1151-1156 [PMID:
20594232 DOI: 10.1111/j.1440-1746.2010.06249.x]
Noh YW, Jung HK, Kim SE, Jung SA. Overlap of Erosive and Nonerosive Reflux Diseases With Functional Gastrointestinal Disorders
According to Rome III Criteria. J Neurogastroenterol Motil 2010; 16:
148-156 [PMID: 20535345 DOI: 10.5056/jnm.2010.16.2.148]
Hori K, Matsumoto T, Miwa H. Analysis of the gastrointestinal
symptoms of uninvestigated dyspepsia and irritable bowel
syndrome. Gut Liver 2009; 3: 192-196 [PMID: 20431745 DOI:
10.5009/gnl.2009.3.3.192]
Ford AC, Marwaha A, Lim A, Moayyedi P. Systematic review
and meta-analysis of the prevalence of irritable bowel syndrome
in individuals with dyspepsia. Clin Gastroenterol Hepatol 2010; 8:
401-409 [PMID: 19631762 DOI: 10.1016/j.cgh.2009.07.020]
Mazzawi T, Gundersen D, Hausken T, El-Salhy M. Increased
gastric chromogranin A cell density following changes to diets of
patients with irritable bowel syndrome. Mol Med Rep 2014; 10:
2322-2326 [PMID: 25174455 DOI: 10.3892/mmr.2014.2498]
El-Salhy M, Mazzawi T, Gundersen D, Hatlebakk JG, Hausken

August 28, 2015|Volume 21|Issue 32|

El-Salhy M et al . Stem cells and IBS
irritable bowel syndrome: a case report. BMC Res Notes 2013; 6:
391 [PMID: 24073715 DOI: 10.1186/1756-0500-6-391]

T. Changes in the symptom pattern and the densities of largeintestinal endocrine cells following Campylobacter infection in

P- Reviewer: Luo HS, Ma XP, Rahimi R
S- Editor: Ma YJ L- Editor: Webster JR E- Editor: Liu XM

WJG|www.wjgnet.com

9587

August 28, 2015|Volume 21|Issue 32|

World J Gastroenterol 2015 August 28; 21(32): 9588-9597
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i32.9588

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Cohort Study

Impact of partial reimbursement on hepatitis B antiviral
utilization and adherence
Qian Qiu, Xiao-Wan Duan, Yan Li, Li-Kun Yang, Yu Chen, Hui Li, Zhong-Ping Duan, Li Wang
Qian Qiu, Hui Li, Li Wang, Department of Epidemiology
and Biostatistics, Institute of Basic Medical Sciences, Chinese
Academy of Medical Sciences, School of Basic Medicine Peking
Union Medical College, Beijing 100005, China

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Xiao-Wan Duan, Yan Li, Li-Kun Yang, Yu Chen, Zhong-Ping
Duan, Liver Center, Beijing You’an Hospital of Capital Medical
University, Beijing 100069, China
Author contributions: Qiu Q and Duan XW contributed equally
to this work; Wang L, Duan ZP and Li H designed the study;
Qiu Q completed the data analysis and drafted the manuscript;
Duan XW conducted the questionnaire survey; Li Y, Yang LK
and Chen Y retrieved the electronic data; all authors reviewed the
manuscript.

Correspondence to: Li Wang, PhD, Professor, Department
of Epidemiology and Biostatistics, Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences, School of
Basic Medicine Peking Union Medical College, 5 Dong Dan San
Tiao, Beijing 100005, China. liwang@ibms.pumc.edu.cn
Telephone: +86-10-65288170
Fax: +86-10-69156971

Supported by Foundation of Ministry of Science and
Technology of China, No. 2012ZX10004904 and No.
2013ZX10002002006002; Bristol-Myers Squibb Company, No.
AI463-961; and Innovative Foundation of Beijing Union Medical
College.

Received: March 12, 2015
Peer-review started: March 14, 2015
First decision: April 13, 2015
Revised: April 28, 2015
Accepted: June 15, 2015
Article in press: June 16, 2015
Published online: August 28, 2015

Institutional review board statement: The study protocol
was approved by the Ethical Review Committee of Beijing You’
an Hospital of Capital Medical University and Institute of Basic
Medical Sciences Chinese Academy of Medical Sciences.
Informed consent statement: Given that the study poses no
more than the minimal risk, and it would not be practicable to
contact all the 30451 CHB patients in the two cohorts, a waiver
of the informed consent was allowed by the Ethical Review
Committee for the first part of study, involving secondary analysis
of data of the two cohorts for a total of 30451 CHB patients. But
for the validation study part, written or oral informed consent was
obtained from the participants dependent on questionnaire survey
by face-to-face interview or telephone interview. Deidentification
was done to assure confidentiality of the study data for the two
parts.

Abstract
AIM: To determine the impact of partial reimbursement
for antivirals on antiviral utilization and adherence for
chronic hepatitis B patients.
METHODS: This was a retrospective cohort study.
Two separate cohorts were enrolled, including 14163
and 16288 chronic hepatitis B outpatients, respectively.
These patients were referred to Beijing You’an Hospital
before and after the new partial reimbursement for
antivirals, which was implemented on July 1, 2011.
Demographic characteristics (including medical insurance
status), routine biochemical, virological and serology
laboratory test results, and antiviral agents’ prescription

Conflict-of-interest statement: None declared.
Data sharing statement: Technical appendix and output files of
the statistical analysis available from the corresponding author at
liwang@ibms.pumc.edu.cn.

WJG|www.wjgnet.com

9588

August 28, 2015|Volume 21|Issue 32|

Qiu Q et al . Impact of reimbursement on HB treatment

information were collected from an electronic database.
Patients were also defined as new and existing patients
according to treatment history. Antiviral utilization,
medication possession ratio and persistence rate
were calculated and compared among the patients
with different characteristics. A questionnaire survey
was conducted among 212 randomly sampled
outpatients from the same hospital to confirm the
validity of the electronic database. Propensity score
matching was used to adjust the distribution of
patient’s characteristics which may influence the
antiviral utilization. χ 2 test or ANOVA was adopted and
multivariate logistic regression was used to determine
the factors associated with antiviral utilization and good
adherence.

hepatitis B patients. The results of this study could
address a more global overall question rather than
something at the patient level.

RESULTS: A total of 13364 outpatients from each
cohort were enrolled after the propensity score
matching. The antiviral utilization rate for the insured
patients increased from 57.4% to 75.9% (P < 0.0001)
after the reimbursement, and the rate among those
who paid out-of-pocket increased from 54.9% to
56.7% (P = 0.028). Approximately 71% of the patients
had a medication possession ratio of more than 80%
in each cohort before reimbursement. This increased
to 79.2% and 73.1% for insured patients and those
who paid out-of-pocket, respectively (P < 0.0001).
Insured patients and those who paid out-of-pocket had
the similar persistence rates before reimbursement.
But after reimbursement, insured patients had higher
persistence rates than those who paid out-of-pocket at
6 (86.5% vs 81.5%, P < 0.0001), 9 (79.7% vs 69.9%,
P < 0.0001), 12 (73.4% vs 61.9%, P < 0.0001), and 15
mo (66.6% vs 53.1%, P < 0.0001). The reimbursement
could significantly improve adherence for the insured
patients than those who paid out-of-pocket even after
adjusting other covariates, with an interaction odds
ratio of 1.422 (95%CI: 1.220-1.657, P < 0.0001). The
questionnaire survey supported the validity of the
electronic database.

Chronic hepatitis B (CHB) is one of the most common
chronic liver diseases worldwide, especially in China.
Individuals with chronic hepatitis B virus (HBV)
infections have a 15%-40% probability of developing
compensated cirrhosis (CC), decompensated cirrhosis
[1,2]
(DCC) or hepatocellular carcinoma (HCC)
.
Therefore, the ultimate goal of therapy is to prevent
[3]
these complications by suppressing HBV replication .
Over the past decades, there has been considerable
improvement in the treatment of CHB, including two
interferon (IFN)-α formulations and four nucleos(t)ide
analogs (NAs) including lamivudine (LAM), adefovir
(ADV), entecavir (ETV) and telbivudine (LdT), which
[4]
have been approved in China .
Current guidelines highlight the optimal adherence
[3]
of antiviral treatment to achieve the best results .
Medication adherence usually refers to whether
patients take their medications as scheduled and
continue the therapy. This has been studied in various
[5-10]
chronic diseases, including CHB
. Several methods
have been used to assess medication adherence,
including measurement of drug levels in blood or
urine, patient self-reporting, pill counts, electronic
[11]
monitoring devices, and prescription record review .
Each method has its advantages and disadvantages.
In recent years, pharmacy databases have been
increasingly used to evaluate medication adherence.
Although using the databases has a number of
limitations including the inability to determine
whether the patient actually consumed the dispensed
medication, the relative efficiency in large populations
in a “real-world” setting in a timely and efficient
manner is highly advantageous if data are deemed
complete and patients are unlikely to obtain the
medications from other sources not captured by the
[12]
database .
Several factors have been identified to influence
the medication adherence, including age, education,
marital status, social medical support; disease severity;
therapy effectiveness; and cost and affordability
which can be strongly influenced by reimbursement
[1,13]
scheme
. In China, both generic and branded drugs
are currently available for antivirals and annual cost
differs greatly across modalities. The branded drugs

Qiu Q, Duan XW, Li Y, Yang LK, Chen Y, Li H, Duan ZP,
Wang L. Impact of partial reimbursement on hepatitis B
antiviral utilization and adherence. World J Gastroenterol 2015;
21(32): 9588-9597 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i32/9588.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9588

INTRODUCTION

CONCLUSION: The reimbursement policy shows
a positive impact on antiviral utilization as well as
adherence for insured chronic hepatitis B patients.
Key words: Antiviral therapy; Adherence; Chronic hepatitis
B; Compliance; Reimbursement
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: High adherence is the key to ensuring the
effectiveness of antiviral therapy and adherence can
be influenced by cost and affordability which can be
strongly influenced by reimbursement scheme. This
study uniquely analyzed the impact of medication
reimbursement on hepatitis B antiviral usage as well as
treatment adherence in Beijing, China, where chronic
hepatitis B infection is endemic. The results showed a
positive impact of partial reimbursement on antiviral
utilization as well as adherence for insured chronic
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cost more than the generics. Annual cost ranges from
$600 to $900 for LAM, $600 to $1000 for ADV, $1500
to $2000 for ETV, and $1400 for the only branded LdT
approved in China. The conventional IFN costs as much
as $1500-$2500 annually, while the pegylated IFN-α
costs $7000-$8000. In Beijing, no reimbursement
for all anti-HBV agents had been implemented before
July 1, 2011 and all expenses were covered by the
patients. Patients bear out of pockets no matter
whether they were with or without medical insurance,
which may have led to a poor adherence of antiviral
therapy. Currently, all antiviral agents including IFN
and NAs are on the list of National Reimbursement
Catalogs of Drugs for Basic Medical Insurance and
partial reimbursement has been implemented since
[14]
July 1, 2011 in Beijing . Patients with medical
insurance could receive a 75%-85% reimbursement
of the cost between a deductible of $300 and a ceiling
of $3300. While for those without medical insurance,
they still need to bear out of pockets themselves. It
was estimated that the disposable personal income in
Beijing was $5353 in 2012. So, annual cost for CHB
patients with antivirals was a great burden for patients
and their families. Whether the partial reimbursement
policy can increase the antiviral medication adherence
by increasing the acceptance and affordability of antiHBV therapy needs to be explored.
In this study, we used the outpatient electronic
data from Beijing You’an Hospital, one of the two
biggest infectious and liver disease hospitals in Beijing,
China, to estimate the antiviral treatment pattern and
treatment adherence in CHB outpatients and explore
the impact of the new partial reimbursement policy on
the antiviral treatment adherence.

18-mo period prior to the enrollment were defined
as new patients; otherwise were defined as existing
patients.

Data collection

Clinical information, antiviral utilization and on-study
laboratory tests for each visit of each patient were
retrieved from electronic medical records. Clinical
information included patients’ ID number, gender,
age, visit date, health insurance status, signs and
symptoms of illness. Antiviral utilization included drug
names, dosage and prescription date. Laboratory
tests were retrieved to identify the disease severity,
including routine biochemical tests [serum alanine
aminotransferase (ALT)], serum HBV DNA and
hepatitis B e antigen (HBeAg) status.

Outcome measurements

Antiviral agent utilization: Antiviral utilization rate
was calculated as the number of patients who had
received antiviral agents during their follow-up period
divided by the total number of patients during the
study period. The proportion of specific antiviral agent
usage was also calculated as the number of patients
who had received the specific antiviral agent during
their follow-up period divided by the total number of
patients with antiviral treatment by all the antiviral
agents during the study period.
Adherence measurement: For patients with antiviral
treatment, the medication possession ratio (MPR) was
used to evaluate primary measurement of adherence,
defined as the proportion of days within an observation
[15,16]
period for which antivirals were supplied
. It was
calculated for each patient as the total days prescribed
during the treatment period divided by the days the
antivirals should have been supplied (defined as the
days between the first and the last antiviral agent
prescription date during the study period for each
patient). Also, the proportion of patients with an
MPR of no less than 80% which was defined as good
adherence was calculated at the same time.
The persistence rate was alternatively used as
[15,16]
the secondary adherence measurement
. It
was measured as percent of patients who were still
receiving antiviral therapy at different study time
points. Patients who had a gap greater than 28 d (a
maximum of 28 d’ worth of pills was allowed to be
prescribed during a 4 wk-period in Beijing) between
the prescription month and the following month
without resumed treatment were considered to be off
therapy. Persistence rates for all antivirals and specific
NAs were calculated. In addition, because each patient
was followed for a different length of time, persistence
rates at 3, 6, 9, 12, and 15 mo were calculated.

MATERIALS AND METHODS
Study population

Two cohorts were employed in this study. Cohort
1 consisted of outpatients with CHB who had been
referred to Beijing You’an Hospital between January 1,
2010 and December 30, 2010, and cohort 2 referred
between July 1, 2011 and June 30, 2012. Followup ended on June 30, 2011 and December 31, 2012
for cohort 1 and cohort 2, respectively. The inclusion
criteria were as follows: (1) Beijing residents; and (2)
diagnosed according to the criteria by “Asian-Pacific
[3]
Consensus Statement on management of CHB” .
Patients co-infected with hepatitis A, C, D or E virus,
human immunodeficiency virus, cytomegalovirus, or
who had been admitted to hospital due to other diseases
or conditions, including pregnancy, glomeruloneph
ritis, uremia, metabolic syndrome, tumor, and severe
cardiovascular diseases were excluded. A total of 14163
outpatients in cohort 1 and 16228 outpatients in cohort
2 were enrolled.
All the patients in the two cohorts were categorized
into new patients and existing patients. Patients who
had not undergone antiviral treatment during an
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Questionnaire survey: Questionnaire surveys by
face-to-face or telephone interview were conducted
among 212 randomly sampled outpatients to confirm
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Table 1 Patient characteristics before and after propensity score matching
Before matching
Age (mean ± sd)b
Male (%)b
Insurance type (%)b
Medical insurance
Out-of-pocket
Others
Disease statusb
Yes1

After matching

Cohort 1 (n = 14163)

Cohort 2 (n = 16228)

Cohort 1 (n = 13364)

Cohort 2 (n = 13364)

38.2 ± 12.6
67.7

39.6 ± 12.6
64.7

38.7 ± 12.6
66.7

38.9 ± 12.4
66.5

40.6
58.2
1.3

52.4
47.0
0.6

42.9
56.3
0.7

42.6
56.6
0.8

29.3%

23.6%

28.2%

27.9%

1

having one of the following characteristics: (1) serum alanine aminotransferase (ALT) over two times upper limit of normal (ULN); (2) hepatitis B
virus (HBV) DNA ≥ 20000 IU/ml for hepatitis B e antigen (HBeAg) (+) patients; or (3) HBV DNA ≥ 2000 IU/ml for HBeAg (-) patients. ANOVA was
performed to compare age difference between cohort 1 vs cohort 2; χ 2 test was conducted to compare male (%), insurance type (%) and disease status
between cohort 1 vs cohort 2. bP < 0.01, cohort 1 vs cohort 2.

the validity of the information from the electronic
database. Age, gender, education, income, insurance
type, and antiviral treatment including drug names,
dosage, amount, prescription date and the place where
they took the agents before and after reimbursement
were collected. For patients with medical insurance
(PMI) and patients who paid out-of-pocket (PPO)
before and after reimbursement, the proportion of
patients who took antiviral agents outside You’an
Hospital only was calculated, respectively, to infer the
validity of influence of reimbursement on antiviral
utilization rate.

the factors associated with antiviral utilization and
good adherence. P-values < 0.05 were considered
significant.
All analyses were performed with SAS software,
version 9.2 (SAS Institute, Cary, NC).

RESULTS
Subject characteristics

A total of 14163 outpatients in cohort 1 and 16228
outpatients in cohort 2 were enrolled. The distribution
of age, gender, health insurance type and HBV-related
disease status was significantly different between the
two cohorts (Table 1). More male (67.7% vs 64.7%,
P < 0.001) and younger patients were involved in
cohort 1. The proportion of PMI in cohort 1 was lower
than that in cohort 2 (40.6% vs 52.4%, P < 0.001).
After PS matching, a matched sample size of 13,364
outpatients for each cohort was acquired, with the
same PS (0.4 ± 0.1) for each cohort. The distribution
of the key confounders was similar between the two
cohorts (Table 1).
Further analysis of cohort 1 showed that PMI were
older than PPO (42.9 ± 13.1 vs 35.6 ± 11.2, P <
0.0001) and had less male patients (65.7 vs 67.7, P
= 0.0126). The proportion of PMI with severe disease
status was also higher than that of PPO (29.9% vs
25.3%, P < 0.0001). A similar tendency was observed
between PMI and PPO in cohort 2 (data not shown).

Statistical analysis

A de-identified dataset was used to do analysis. The
statistical methods of this study were reviewed by Tao
Xu from Department of Epidemiology and Biostatistics,
Peking Union Medical College.
Propensity score matching: Propensity score (PS)
[17,18]
matching
was used to adjust the distribution
of patient’s age, gender, medical insurance type
and disease severity in the two cohorts, which may
influence the antiviral utilization. The PS was calculated
by logistic regression, where the dependent variable
was cohort classification and the independent variables
were above confounders. Disease severity status
was defined as whether the patients had one of the
following characteristics: (1) serum ALT over two times
upper limit of normal; (2) HBV DNA ≥ 20000 IU/ml
for HBeAg (+) patients; or (3) HBV DNA ≥ 2000 IU/
[11]
ml for HBeAg (-) patients . Cohort 2 was matched
to cohort 1 within a range of 0.1 standard deviation of
PS.
Patients were divided into four subgroups: PMI
and PPO before and after reimbursement. Antiviral
utilization, utilization of different antiviral agents,
MPR, good adherence and persistence rate were
2
calculated among the different groups. χ test or
ANOVA was adopted to compare the difference in
above indexes among the groups when appropriate.
Multivariate logistic regression was used to determine
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Antiviral agent utilization

Figure 1 shows the change of antiviral utilization
among patients with different characteristics. Before
the reimbursement, antiviral utilization and the rate of
specific NA utilization was almost equal between PMI
and PPO (Figure 1A). ADV was predominantly used,
followed by LAM and ETV. The utilization of LdT was
the lowest.
After the reimbursement, a 19% increase of
antiviral utilization was observed among PMI, and
only a 2% increase was observed among PPO
(Figure 1A). As the characteristics were differently
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56.6
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30.4
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%
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23.8 27.5
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0
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20

PMI

14.6

Existing patient

49.5
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PPO
LAM

80
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0

PMI

Existing patient

%

%

C1

PPO
ETV

15.7
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FTV

LAM

0

LdT

ADV

FTV

LAM

19.4

18.0

LdT

Figure 1 Antiviral agent utilization before and after reimbursement for patients with different characteristics. A: Antiviral agent utilization before and after
reimbursement for patients with different insurance types; B: Utilization of different NAs for PMI vs PPO before and after reimbursement C1: Utilization of specific
antiviral among new and existing PMI before reimbursement; C2: Utilization of specific antiviral among new and existing PMI after reimbursement; C3: Utilization of
specific antiviral among new and existing PPO before reimbursement; C4: Utilization of specific antiviral among new and existing PPO after reimbursement. aP < 0.05,
b
P < 0.01, before reimbursement vs after reimbursement. PMI: Patients with medical insurance; PPO: Patients paid out-of-pocket.

distributed between PMI and PPO either before or
after reimbursement, multiple logistic regression was
adopted to adjust the above covariates. Our results
showed that the reimbursement could significantly
improve the antiviral utilization for PMI than PPO even
after adjusting the covariates, with an interaction odds
ratio (OR) of 2.194 (95%CI: 1.979-2.432, P < 0.0001)
(data not shown).
For the specific NAs, a great increase rate of
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21.2% for ETV utilization was observed among PMI
(from 30.4% to 51.6%) and 13.9% (from 27.9% to
41.8%) among PPO. However, an 8.8% (from 56.8%
to 48.0%) and 3.7% decrease of ADV utilization was
observed among PMI and PPO, respectively. ETV was
predominantly used among PMI while ADV was still
preferred for PPO. The proportion of LdT or LAM had
changed slightly after reimbursement (Figure 1B).
Further analysis showed that the utilization rate
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Table 2 Medication possession ratio and good adherence rate among patients with different insurance types before and after
reimbursement
Adherence (%)
Before
After

PMI
PPO
PMI
PPO

Good adherence rate

n

mean ± sd

New patients

Existing patients

Percent

New patients

Existing patients

2825
3373
4102
3619

83.4 ± 24.3a
83.6 ± 24.2b
88.5 ± 19.7a,c
85.2 ± 23.0b,c

82.3 ± 25.6d
83.6 ± 24.8
87.1 ± 20.8e
84.0 ± 24.1f

84.5 ± 22.9d
83.6 ± 23.7
90.2 ± 18.1e
86.1 ± 22.1f

70.6%
70.2%
79.2%g
73.1%g

69.2
70.5
77.0h
71.7

71.8
69.9
82.1h
74.2

a

P < 0.01 among PMI before reimbursement vs after reimbursement; bP < 0.01 among PPO before reimbursement vs after reimbursement; cP < 0.01
between PMI and PPO after reimbursement; dP < 0.05 between new and existing PMI before reimbursement; eP < 0.01 between new and existing PMI after
reimbursement; fP < 0.01 between new and existing PPO after reimbursement; gP < 0.01 between PMI and PPO after reimbursement; hP < 0.01 between new
and existing PMI after reimbursement. PMI: Patients with medical insurance; PPO: Patients paid out-of-pocket.

of ADV was significantly higher among existing
patients than new patients either before or after the
reimbursement. But for the PMI with ETV, a 10%
higher rate was observed among new patients than
the existing patients (56.0% vs 47.1%, P < 0.0001).
For PPO with LAM, a 4.9% higher rate was observed
among new patients than existing patients before
the reimbursement while afterwards the rate was
3.7% lower (32.0% vs 27.1%, P = 0.0044; 23.8%
vs 27.5%, P = 0.0250, respectively). No significant
difference in LAM and LdT utilization was observed
between new and existing patients for PMI (Figure
1C1-C4).

Persistence rate: Persistence rates declined within
15 mo, more rapidly during the first 6 mo and in new
patients. PMI and PPO had the similar persistence rates
before reimbursement. But after reimbursement, PMI
had higher persistence rates than the PPO at 6 (86.5%
vs 81.5%, P < 0.0001), 9 (79.7% vs 69.9%, P <
0.0001), 12 (73.4% vs 61.9%, P < 0.0001), and 15
mo (66.6% vs 53.1%, P < 0.0001) (Figure 2A). The
similar tendency were observed in the new patients
and existing patients, although the new patients had
a lower persistence rate than the existing patients for
each specific month (Figure 2B).

Factors associated with good adherence

Adherence evaluation among patients with antiviral
utilization

Age, gender, insurance type, patient status (new vs
existing patients), reimbursement implementation,
disease severity, interactions between insurance type
and policy implementation, as well as interactions
between insurance type and patients characteristics
were included in the logistic regression model to test
the factors associated with good adherence. Results
showed that compared to patients 18 years or younger,
patients between the age of 18-45 and aged > 45
years had a lower probability to have good adherence,
with an OR of 0.719 (95%CI: 0.559-0.926, P = 0.0105)
and 0.667 (95%CI: 0.513-0.867, P = 0.0024). A
significant interaction was observed between insurance
type and patient status (OR = 0.820, 95%CI:
0.703-0.957; P = 0.0117) and patients’ insurance
type and reimbursement implementation (OR = 1.422,
95%CI: 1.220-1.657; P < 0.0001). These interactions
suggested that the reimbursement implementation
can significantly improve more adherence for PMI than
PPO, especially for existing patients (Table 3).

For the 6198 and 7721 patients with antivirals in
cohort 1 and cohort 2, respectively, adherence was
further evaluated, including MPR and the persistence
rate. The mean follow-up period was 309.6 ± 155.5
and 375.2 ± 156.8 d for PMI before and after the
reimbursement, and was 300.1 ± 155.2 and 305.5 ±
156.9 d for PPO, respectively.
MPR measurement: Before reimbursement, MPR
for both PMI and PPO were more than 0.80 and no
significant difference was observed (P = 0.8042). After
reimbursement, a 5% increase was observed among
PMI (83.4% ± 24.3% vs 88.5% ± 19.7%, P < 0.0001)
and a less than 2% increase was observed among PPO
(83.6% ± 24.2% vs 85.5% ± 23.0%, P = 0.0055)
(Table 2).
We also observed that PMI and PPO had a similar
proportion of good adherence before reimbursement.
However, after the reimbursement, the PMI had a
higher proportion of patients with good adherence
than PPO (79.2% vs 73.1%, P <0.0001) (Table 2).
No difference in the proportion of patients with
good adherence was observed between existing and
new patients before the reimbursement. However, a
5.1% higher proportion of existing PMI than new PMI
(82.1% vs 77.0%, P < 0.0001) was subsequently
observed after reimbursement (Table 2).
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Questionnaire

Questionnaire surveys were conducted in 212 outpatients,
including 152 PMI and 60 PPO (Table 4). There was
no difference in age, gender distribution, or household
income per person per month between PMI and PPO.
Before reimbursement, approximately 10% of patients
had ever taken antivirals outside You’an Hospital
regardless of medical insurance. After reimbursement,
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A

100

Table 3 Factors associated with good adherence
Parameter

80

Age (yr)
18-45 vs ≤ 18a
> 45 vs ≤ 18b
Gender (1 = male; 0 = female)
Insurance type (1 = medical insurance;
0 = paid out-of-pocket)
Disease status (1 =; 0 = reference;)b
Patient status (1 = new patients;
0 = existing patients)
Reimbursement implementation
(1 = Yes; 0 = No)b
Insurance type patient statusa
Insurance type reimbursement
implementationb

%

60

40

PMI before reimbursment
PPO before reimbursment
PMI after reimbursment
PPO after reimbursment

20

0

3

6

9

t /mo

12

15

B1

β

OR (95%CI)

-0.3297
-0.4048
-0.0382
0.1200

0.719 (0.559-0.926)
0.667 (0.513-0.867)
0.963 (0.886-1.046)
1.128 (0.987-1.288)

0.2516 1.286 (1.164-1.422)
-0.0341 0.966 (0.860-1.086)
0.1502

1.162 (1.047-1.290)

-0.1980 0.820 (0.703-0.957)
0.3518 1.422 (1.220-1.657)

100
a

P < 0.05; bP < 0.01, new vs existing patients. 1 = having one of the
following characteristics: (1) serum alanine aminotransferase over two
times upper limit of normal; (2) alanine aminotransferase DNA ≥ 20000
IU/ml for hepatitis B e antigen (HBeAg) (+) patients; or (3) HBV DNA ≥
2000 IU/ml for HBeAg (-) patients.

80

%

60

40

20

0

Table 4 Characteristics of patients receiving questionnaire
survey

PMI before reimbursment
PPO before reimbursment
PMI after reimbursment
PPO after reimbursment

3

6

9
t /mo

Insurance
(n = 152)
12

Out-of-pocket
(n = 60)

Age (yr)
38.8 ± 8.3
39.7 ± 11.6
Male (%)
99 (65.1)
38 (64.4)1
Income (Yuan)
Median (Q25-Q75)
4000 (2500, 6300) 3000 (1500, 5000)
Antivirals obtaining outside You’an
Hospital only (%)
Before reimbursement
9.8
10.8
After reimbursement
5.9
10.2

15

B2

100

80
1

The number is 59.

%

60

DISCUSSION

40

PMI before reimbursment
PPO before reimbursment
PMI after reimbursment
PPO after reimbursment

20

0

3

6

9

t /mo

12

Studies have shown that good adherence helps to
maintain virologic response and prevent virologic
[19]
resistance . The reimbursement scheme may
increase the adherence to antivirals by increasing
their affordability. In this study, electronic data of
30391 outpatients from a university affiliated infection
specialty hospital in Beijing, China, from 2010 to
2012 was used to determine the effect of partial
reimbursement, which was firstly implemented for the
treatment of CHB patients on July 1, 2011, on antiviral
utilization and adherence. We found that partial
reimbursement increased the antiviral utilization,
although slightly for medical insured CHB patients.
Our study from electronic dataset showed that the
antiviral utilization was almost the same (50%-60%)
between PMI and PPO before reimbursement. After
reimbursement, the rate increased to 75.9% for PMI
while kept constant for PPO. Although questionnaire
surveys found about 8.5% of PMI and 10% of PPO
had taken medication outside You’an Hospital, which

15

Figure 2 Persistence rate before and after reimbursement for patients with
different characteristics. A: Persistence rate before and after reimbursement
for patients with different insurance types; B1: Persistence rate for new patients
with different insurance types; B2: Persistence rate for existing patients with
different insurance types. PMI: Patients with medical insurance; PPO: Patients
who paid out-of-pocket.

the proportion had decreased to 5.9% for PMI. We
could still observe a higher antiviral utilization rate
among PMI than PPO after reimbursement even
adjusting the proportion of patients with different
medical insurance status who took antiviral agents
outside You’an Hospital only.
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inferred that our results from electronic dataset might
underestimate the antiviral utilization, the utilization
was still much higher among PMI than PPO, indicating
that reimbursement could improve antiviral utilization
by reducing the economic burden. We also found that
ADV was predominantly used for both PMI and PPO
before reimbursement. But after reimbursement,
ETV replaced ADV as the first choice NA for PMI.
Monotherapy with ETV has been recommended as
the first-line oral antiviral treatment for CHB by the
Asian Pacific Association for the Study of the Liver, the
American Association for the Study of Liver Diseases
and the European Association for the Study of the
[3,20,21]
Liver
. This could explain that the reimbursement
policy had mitigated the economic burden for PMI,
thus treatment effectiveness was more of a concern
than cost when choosing an antiviral agent. However,
PPO may have chosen less costly and more common
antivirals of ADV. A higher ADV utilization among
existing patients was also observed, which may be
explained by the fact that most of the patients who
had received antiviral therapy for a long time before
our enrollment might continue to select ADV.
MPR analysis showed that the mean MPR for both PMI
and PPO was more than 80% before reimbursement,
which had already reached an optimistic level, similar
to the 80%-99% mean adherence rate in the other
studies regarding oral antiviral adherence for CHB
[22-24]
patients
. After the reimbursement the MPR had
increased 5% for PMI and 2% for PPO. Even after
adjusting other covariates, the reimbursement could
still significantly improve adherence for PMI than PPO,
with an interaction OR of 1.422 (1.220-1.657).
The persistence rate was used to assess whether
a patient stays on therapy consistently. We found that
persistence rates declined during the study period,
especially more rapidly during the first 6 mo, indicating
that patients tend to miss or stop the medication at
the beginning of the treatment, probably due to side
[12]
effects or lack of treatment effectiveness . Similar to
MPR, the persistence rate was observed higher among
[1]
PMI. This was supported by a report by Liaw et al
that lack of adequate reimbursement was correlated
with inadequate anti-HBV therapy according to
treatment guidelines.
Our study also observed higher MPR and persistence
rates and a more gradually decline of persistence rate
for existing patients compared to new patients. Poorer
adherence for new patients who have received antiviral
therapy for a short duration might be due to inability
to endure the side effects of antiviral agents, which
was also suggested in other studies that a greater
decline in adherence for chronic medications was often
[12,22]
observed among new users
.
Our study has several limitations. First, our patients
might not represent the general CHB population in
Beijing. However, the demographic characteristics in
our study population showed that the proportion of
male patients was 64%-67% and the mean age was
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38-40 years, which are consistent with the gender and
[25-29]
age distribution of CHB infection in other studies
.
Second, the difference in patients’ characteristics
which may result in different antiviral utilization may
exist between the patients referred to You’an Hospital
before and after reimbursement based on realworld electronic datasets. Although PS matching was
adopted to try to balance the baseline characteristics,
the bias generated by unmeasured confounding factors
cannot be eliminated. Third, pharmacy database was
used in our study to evaluate medication adherence
which may not capture the exact amount of the agents
used. But after the validation study by questionnaire
surveys, we can still conclude that the reimbursement can
improve the utilization for patients with medical insurance.
In conclusion, the utilization of antivirals and adherence
for insured CHB patients had significantly increased after
the new partial reimbursement implementation, especially
for patients receiving ETV and ADV. Thus, the new policy
had a positive impact on antiviral treatment pattern,
thereby offering improved outcomes.

COMMENTS
COMMENTS
Background

Chronic hepatitis B (CHB) is one of the most common chronic liver diseases
worldwide, especially in China, leading to a high rate of incidence and mortality
from development of cirrhosis and hepatocellular cancer (HCC). Effective
antiviral treatment is the only way to prevent the development of cirrhosis and
HCC after infection and the essential prerequisite is long-term adherence. There
are many factors which influence the therapy adherence for CHB patients, and
one of the most important factors is the cost and affordability for antiviral drugs,
which can be strongly influenced by reimbursement scheme. In Beijing, no
reimbursement for all antivirus agents for CHB patients had been implemented
before July 1, 2011 and all expenses of drugs are borne by the patients, which
may lead to a low compliance rate of antivirus therapy. However, all antivirus
agents including IFN and NAs, have been in the list of National Reimbursement
Catalogs of Drugs for Basic Medical Insurance and partial reimbursement has
been implemented since July 1, 2011 in Beijing. Whether or not the compliance
with NAs can be increased under the new partial reimbursement policy needs
to be explored.

Research frontiers

Medication adherence has been studied in different chronic diseases and
several methods have been used to assess medication adherence. In
recent years, pharmacy databases have been increasingly used to evaluate
medication adherence in large populations in a “real-world” setting and the
relative efficiency in a timely and efficient manner is more advantageous than
the other ways. Moreover, as the new reimbursement policy has just been
implemented for a short period, this is the first study to evaluate its impact on
antiviral therapy adherence in Beijing, China.

Innovations and breakthroughs

This study uniquely analyzed the impact of medication reimbursement on
hepatitis B antiviral usage as well as treatment adherence in Beijing, China,
where chronic hepatitis B infection is endemic. Two cohorts were contrasted,
one before implementation of the new partial reimbursement policy, and the
other after implementation. Propensity score matching was used to control
the effects from confounding. Antiviral usage rates and adherence rates were
compared between the two groups as well as for those with insurance and
those paying out-of-pocket. Also, a questionnaire survey was conducted to
infer the validity of reimbursement on antiviral usage. Results have shown that
the antiviral utilization rate for the insured patients increased from 57.4% to
75.9% (P < 0.0001) after the reimbursement. The rate among those who paid
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out-of-pocket increased only from 54.9% to 56.7% (P = 0.028). Approximately
71% of the patients had an MPI of more than 80% in each cohort before
reimbursement. This increased to 79.2% and 73.1% for insured patients and
those who paid out-of-pocket, respectively (P < 0.0001). The reimbursement
could significantly improve adherence for the insured patients than those who
paid out-of-pocket even after adjusting other covariates, with an interaction
odds ratio of 1.422 (95%CI: 1.220-1.657, P < 0.0001).

10

11

Applications

12

The results suggested a positive impact of partial reimbursement on antiviral
utilization as well as adherence for insured chronic hepatitis B patients. The
results of this study could address a more global overall question rather than
something at the patient level.

13

Terminology

Reimbursement is an act of compensating someone for an expense. Often, a
person is reimbursed for out-of-pocket expenses when the person incurs those
expenses through government, employment or in an account of carrying out
the duties for another party or member. Medication adherence usually refers to
whether patients take their medications as scheduled and continue the therapy.

14
15
16

Peer-review

This study appears as a well-designed study that for the first time analyzed
the impact of medication reimbursement on adherence to hepatitis B antiviral
treatment in Beijing, China, where chronic hepatitis B infection is endemic. The
study is interesting and results showed that partial reimbursement, implemented
in 2011, improved adherence as well as influenced the choice of NAs selected
by the patients which should improve the overall outcome. These types of
studies are highly warranted not only in China but also from other parts of the
world to design antiviral treatment for chronic hepatitis B.
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Abstract

Institutional review board statement: This study was
reviewed by the ethics committees of Fudan University Affiliated
Huashan Hospital and Beilun People’s Hospital. The committees
waived the ethical approval documents because it was a
retrospective study.

AIM: To compare the histological outcome of chronic
hepatitis B (CHB) patients treated with entecavir (ETV)
or lamivudine (LAM)-based therapy.
METHODS: We conducted a retrospective analysis
of data from 42 CHB patients with advanced fibrosis
(baseline Ishak score ≥ 2) or cirrhosis who were
treated with ETV or LAM-based therapy in Beilun
People’s Hospital, Ningbo between January 2005 and
May 2012. The patients enrolled were more than 16
years of age and underwent a minimum of 12 mo of
antiviral therapy. We collected data on the baseline

Informed consent statement: All study participants or their
legal guardian provided informed written consent to liver biopsy.
Informed consent was not obtained prior to study enrollment
because this is a retrospective study and all study participants
were de-identified.
Conflict-of-interest statement: There is no conflict of interest
for any of the authors.
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characteristics of each patient and obtained paired
liver biopsies pre- and post-treatment. The Knodell
scoring system and Ishak fibrosis scores were used to
evaluate each example. An improvement or worsening
of necroinflammation was defined as ≥ 2-point change
in the Knodell inflammatory score. The progression or
regression of fibrosis was defined as ≥ 1-point change
in the Ishak fibrosis score. The continuous variables
were compared using t -test or Mann-Whitney test, and
the binary variables were compared using χ 2 test or
Fisher’s exact test. The results of paired liver biopsies
were compared with a Wilcoxon signed rank test.

Wang JL, Du XF, Chen SL, Yu YQ, Wang J, Hu XQ, Shao
LY, Chen JZ, Weng XH, Zhang WH. Histological outcome for
chronic hepatitis B patients treated with entecavir vs lamivudinebased therapy. World J Gastroenterol 2015; 21(32): 9598-9606
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i32/9598.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i32.9598

INTRODUCTION
Chronic hepatitis B (CHB) affects approximately 350
million people worldwide and hepatitis B virus (HBV)related end stage liver diseases are responsible for 1
[1-3]
million deaths annually . In China, the prevalence
of hepatitis B surface antigen (HBsAg) is found in
[4]
approximately 7% of the general population . Liver
fibrosis is one of the common complications of CHB
and is a result of sustained viral replication and chronic
inflammation. Liver fibrosis may also lead to cirrhosis.
Hepatic cirrhosis is the end stage of fibrosis and is
characterized by distinguishing histological features
such as the formation of regenerative nodules and
diffuse fibrosis. Patients with cirrhosis have high
mortality and morbidity due to poor liver function
[5]
and the development of portal hypertension .
Another major complication is the development of
[6]
hepatocellular carcinoma (HCC) . Thus, effective
therapies that prevent the progression of HBV-related
liver diseases are urgently needed in clinical practice.
The current therapy regimens available for CHB
patients include nucleos(t)ide analogues (NAs) and
interferon-α (INF-α). These therapy regimens differ
with respect to antiviral mechanism and treatment
[7,8]
responses . The drugs lamivudine (LAM), adefovir
(ADV), telbivudine (LdT), entecavir (ETV) and tenofovir
disoproxil fumarate (TDF) are approved NAs for the
treatment of CHB. NA therapy directly inhibits viral
replication by targeting HBV DNA polymerases and can
achieve rapid viral suppression and normalization of
[9]
serum transaminases . LAM was the first approved
oral antiviral agent and was initially considered the best
choice for CHB treatment because of its good potency
[10,11]
and safety profile
. However, the major limitation of
LAM is the high rate of virologcial resistance, and ADV
[12,13]
add-on is a rescue therapy for LAM resistance
.
The use of LAM has been gradually reduced since
the introduction of novel antiviral agents with a
higher genetic barrier of resistance such as ETV and
TDF. However, LAM is still widely used in developing
countries due to its low cost.
Two early global clinical trials found that 48 wk of
ETV therapy was superior to LAM in treatment-naïve
CHB patients with respect to virological response,
alanine aminotransferase (ALT) normalization, and
[9,10]
histological improvement
. However, it is unclear
whether patients with advanced fibrosis or cirrhosis
benefit more from ETV therapy than LAM therapy.

RESULTS: Nineteen patients were treated with ETV
and 23 patients were treated with LAM therapy for a
mean duration of 39 and 42 mo, respectively. After
long-term antiviral treatment, 94.74% (18/19) of the
patients in the ETV arm and 95.65% (22/23) in the
LAM arm achieved an HBV DNA level less than 1000
IU/mL. The majority of the patients (94.74% in the
ETV arm and 73.91% in the LAM arm) had normalized
ALT levels. The median Knodell necroinflammatory
score decreased from 11 to 0 in the patients receiving
ETV, and the median Knodell score decreased from 9
to 3 in the patients receiving LAM (P = 0.0002 and <
0.0001, respectively). The median Ishak fibrosis score
showed a 1-point reduction in ETV-treated patients
and a 2-point reduction in LAM-treated patients (P
= 0.0019 and 0.0205, respectively). The patients
receiving ETV showed a more significant improvement
in necroinflammation than the LAM-treated patients
(P = 0.0003). However, there was no significant
difference in fibrotic improvement between the two
arms. Furthermore, two patients in each arm achieved
a fibrosis score of 0 post-treatment, which indicates a
full reversion of fibrosis after antiviral therapy.
CONCLUSION: CHB patients with advanced fibrosis
or cirrhosis benefit from antiviral treatment. ETV is
superior to LAM therapy in improving necroinflammatory
but not fibrotic outcome.
Key words: Advanced fibrosis; Chronic hepatitis B;
Cirrhosis; Entecavir; Histological outcome; Lamivudine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective cohort study compared the
histological outcomes of long-term antiviral treatment
for an average of more than 3 years with entecavir
monotherapy or lamivudine-based combination therapy
in chronic hepatitis B patients with significant fibrosis
or cirrhosis. There was a histological improvement
observed in the majority of patients in both arms.
There were also improved virological responses,
alanine aminotransferase normalization, and serological
responses. Additionally, 4 of 48 patients achieved a
full reversion of fibrosis or cirrhosis. Entecavir was
superior to lamivudine-based therapy in improving
necroinflammatory but not fibrotic outcome.

WJG|www.wjgnet.com

9599

August 28, 2015|Volume 21|Issue 32|

Wang JL et al . Histological outcome in CHB patients
Thus, the aim of this study was to compare the
histological outcome of CHB patients with advanced
fibrosis or cirrhosis after long-term treatment with ETV
or LAM-based therapy.

were performed using SPSS version 19.0. A two-sided
P-value < 0.05 was considered statistically significant.
The statistical methods of this study were reviewed
by Xiao-Qin Wang from the Department of Clinical
Epidemiology of Huashan Hospital, Fudan University,
Shanghai, China.

MATERIALS AND METHODS
Study population

RESULTS

The patients eligible for this retrospective study were
CHB cases with advanced fibrosis or cirrhosis who had
received ETV or LAM-based combination therapy (ADV
was added when patients had LAM resistance) at the
clinic or were hospitalized in Beilun People’s Hospital,
Ningbo between January 2005 and May 2012. The
inclusion criteria of our study were the following: age
≥ 16 years, HBsAg-positivity for more than 6 mo,
a minimum of 12 mo of antiviral therapy with ETV
or LAM-based combination therapy (LAM + ADV),
adequate pre- and post-treatment biopsy samples,
and a diagnosis of advanced fibrosis or compensated
cirrhosis at baseline (Ishak score ≥ 2). The patient
exclusion criteria included the following: co-infection
with hepatitis C virus, hepatitis D virus, or human
immunodeficiency virus, hepatic decompensation, or
prior exposure to either IFN-α or other NAs including
LdT or ADV monotherapy. There were 42 patients
enrolled in the current study including 19 in the ETVtreated arm and 23 in the LAM-based combination
arm. Paired liver biopsies and clinical data were
collected and analyzed from each patient. The study
protocol was reviewed by the local ethics committees,
and the ethical approval documents were waived.
Written informed consent for the liver biopsy was
obtained from each participant. This is a retrospective
study and all study participants were de-identified.
Therefore, informed consent was not obtained prior to
study enrollment.

Baseline characteristics

This retrospective cohort study enrolled 42 CHB
patients with advanced fibrosis or cirrhosis. There
were 19 cases treated with ETV and 23 cases treated
with LAM-based combination therapy for a mean
duration of 39 and 42 mo, respectively. The baseline
characteristics of the two arms are summarized in
Table 1.

Virological, biochemical and serological responses after
long-term therapy

The outcomes of the two arms after long-term therapy
are outlined in Table 2. The results include virological,
biochemical, and serological responses. The data
indicated that 94.74% (18/19) of patients in the ETV
arm and 95.65% (22/23) in the LAM arm achieved
an HBV DNA level less than 1000 IU/mL after longterm antiviral therapy. Furthermore, 76.92% (10/13)
of patients in the ETV arm and 68.75% (11/16) in
the LAM arm achieved an HBV DNA level less than 60
IU/mL based on the results of the COBAS AmpliPrep/
COBAS TaqMan HBV Test. The majority of patients
(94.74% in the ETV arm and 73.91% in the LAM arm)
achieved ALT normalization after long-term treatment.
However, there were no significant differences
between the two arms (P = 0.0715). Hepatitis B e
antigen (HBeAg) loss and seroconversion occurred in
46.15% (6/13) and 38.46% (5/13) of HBeAg positive
patients in the ETV arm, respectively. Additionally,
71.43% (10/14) and 42.86% (6/14) of patients in the
LAM arm experienced HBeAg loss and seroconversion,
respectively. HBsAg loss was not observed in any
patient.

Analysis of necroinflammatory level and fibrosis

Both the Knodell scoring system (0 to 18) and Ishak
fibrosis scores (0 to 6) were used to evaluate the
necroinflammatory level and fibrotic extent in the liver
biopsy specimens. A pathologist who was blinded to
the patient clinical data and the sequences of biopsy
samples evaluated the liver histology. An improvement
or worsening of necroinflammation was defined as ≥
2-point change in the Knodell inflammatory score. The
progression or regression of fibrosis was defined as ≥
1-point change in Ishak fibrosis score.

Histological outcome after long-term therapy

There was a significant improvement of histologi
cal outcome observed in both treatment arms
compared to baseline (Table 3). The median Knodell
necroinflammatory score decreased from 11 to 0
in the ETV arm and from 9 to 3 in the LAM arm (P
= 0.0002 and < 0.0001, respectively). The median
Ishak fibrosis score showed a 1-point reduction in the
ETV arm and a 2-point reduction in the LAM arm (P
= 0.0019 and 0.0205, respectively). Eighteen of the
19 patients in the ETV arm showed improvement of
necroinflammatory scores. Additionally, 11 patients
achieved a score of 0 post-treatment. This result
indicates full reversion of the necroinflammatory
condition. Furthermore, 68.42% of patients in the ETV

Statistical analysis

The continuous variables are expressed as mean ±
SD and were compared by t-test or Mann-Whitney
test. All binary variables were summarized as counts
2
and percentages and were compared by χ test or
Fisher’s exact test. The results of paired liver biopsies
were expressed as the median and were compared
by Wilcoxon signed rank test. The statistical analyses
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Table 1 Demographic data and liver biopsy results for
chronic hepatitis B patients in both entecavir and lamivudine
arms at baseline
ETV
n
Male gender, n (%)
Age (mean ± SD), yr
log10 HBV DNA (mean ± SD),
IU/mL
ALT (mean ± SD), U/L
HBeAg positive, n (%)
Median grade (range)
Median stage (range)
Duration of treatment
(mean ± SD), mo

Table 3 Comparison of liver histology at baseline and after
long-term treatment in both entecavir and lamivudine arms
n (%)
ETV
(n = 19)

LAM ± ADV P -value

19
14 (73.7)
43.2 ± 9.8
6.6 ± 1.5

23
16 (69.6)
43.7 ± 9.9
6.2 ± 1.4

0.7687
0.8721
0.4019

107 ± 84
13 (68.42)
11 (0-16)
4 (2-6)
39 ± 11

96 ± 112
14 (60.87)
9 (3-12)
5 (2-6)
42 ± 15

0.2450
0.6112
0.0749
0.7381
0.6951

Change in necroinflammation
Median grade (range)
11 (0-16)1 to 0 (0-4)1 9 (3-12)2 to 3 (0-12)2
Improved
18 (94.74)
19 (82.61)
No change
1 (5.26)
4 (17.39)
Worsened
0 (0)
0 (0)
Change in fibrosis
Median stage (range)
4 (2-6)3 to 3 (0-5)3
5 (2-6) 4 to 3 (0-6)4
Improved
13 (68.42)
11 (47.83)
No change
5 (26.32)
9 (39.13)
Worsened
1 (5.26)
3 (13.04)
1

ETV: Entecavir; LAM: Lamivudine; ADV: Adefovir; HBV: Hepatitis B
virus; ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen.

Comparison of change in necroinflammation at baseline and after
long-term treatment in ETV arm, P = 0.0002; 2Comparison of change in
necroinflammation at baseline and after long-term treatment in LAM arm,
P < 0.0001; 3Comparison of change in fibrosis at baseline and after longterm treatment in ETV arm, P = 0.0019; 4Comparison of change in fibrosis
at baseline and after long-term treatment in LAM arm, P = 0.0205. ETV:
Entecavir; LAM: Lamivudine; ADV: Adefovir.

Table 2 Virological, biochemical and serologic outcomes
after long-term treatment in both entecavir and lamivudine
arms n (%)
LAM ± ADV P -value
23
22 (95.65)
11/16 (68.75)
17 (73.91)

0.8897
0.6243
0.0715

10/14 (71.43)

0.1817

6/14 (42.86)

0.8163

0 (0)

-

A

ETV: Entecavir; LAM: Lamivudine; ADV: Adefovir; HBV: Hepatitis B
virus; ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen;
HBsAg: Hepatitis B surface antigen.

Change in necroinflammation

18
16

Knodell inflammatory score

ETV
n
19
HBV DNA < 1000 IU/mL
18 (94.74)
HBV DNA < 60 IU/mL
10/13 (76.92)
ALT ≤ 1 × upper limit of
18 (94.74)
normal
HBeAg loss/HBeAg positive at 6/13 (46.15)
baseline
HBe seroconversion/HBeAg
5/13 (38.46)
positivity at baseline
HBsAg loss
0 (0)

P = 0.0003
P = 0.0002

P < 0.0001

14
12
10
8
6
4
2
0
Baseline

Post-treatment
ETV

arm and 47.83% in the LAM arm showed improvement
in fibrosis. The results indicate 26.32% of patients in
the ETV arm and 39.13% in the LAM arm remained
stable. There was 1 patient from the ETV arm and 3
patients from the LAM arm who had worsening Ishak
fibrosis scores.
There was a significant improvement in necro
inflammatory score in the ETV arm compared to the
LAM arm after long-term therapy (P = 0.0003) (Figure
1A). However, there was no significant difference in
Ishak score improvement observed between the two
arms (P = 0.0810) (Figure 1B). There were more
patients in the ETV arm who achieved regression and
fewer patients suffered Ishak score progression (Figure
2).
We further analyzed the distribution of the Ishak
score pre- and post-treatment in the two arms and
found that two patients from each arm had achieved a
score of 0, which indicates a full reversion of advanced
fibrosis or cirrhosis (Figure 3). The two patients from
the ETV arm had baseline Ishak scores of 4 and 6.
The scores for both cases decreased to 0 after 44 and

WJG|www.wjgnet.com

LAM ± ADV
(n = 23)

B

Baseline
Post-treatment
LAM ± ADV

Change in fibrosis

P = 0.0810
P = 0.0019

P = 0.0205

6

Ishak fibrosis score

5
4
3
2
1
0

Baseline

Post-treatment
ETV

Baseline
Post-treatment
LAM ± ADV

Figure 1 Plots of Knodell inflammatory scores (A) and Ishak fibrosis
scores (B) of both entecavir and lamivudine arms at baseline and posttreatment. ETV: Entecavir; LAM: Lamivudine; ADV: Adefovir.
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A

6

Change of Ishak score in ETV arm

4
2
0
-2
-4
-6

B

6

Change of Ishak score in LAM arm

4
2
0
-2
-4
-6

Figure 2 Changes between post- and pre-treatment Ishak fibrosis scores for all patients in the entecavir and lamivudine arms. The blue columns indicate
patients with improvement, and pink columns indicate progression. The scales indicate no change. ETV: Entecavir; LAM: Lamivudine.
Distributions of Ishak scores

100

resistance emerged), respectively. Figure 4 shows the
favorable histological outcome of a 35-year old female
patient with a Knodell score of 14 and an Ishak score
of 4 at baseline. This patient achieved a score of 0 for
both necroinflammatory and fibrotic score after 44 mo
of ETV monotherapy.
We further investigated which patients benefited
most from long-term NA therapy in fibrotic regression
or reversion. The results showed that patients with
higher Ishak score at baseline and longer duration of
treatment benefit more in fibrotic regression (Table
4). Conversely, patients who experienced significant
improvement in fibrosis after long-term NAs therapy
had higher HBV DNA and ALT levels at baseline (Table
5).
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DISCUSSION
This was a retrospective study that investigated the
efficacy of long-term treatment with two different NAs
in CHB patients with advanced fibrosis or cirrhosis.
LAM was the first approved NA for treatment of
CHB in 1998 and was effective in suppressing HBV
DNA, normalizing ALT, and improving histological
outcome. However, the use of LAM was limited by
[14]
the high rate of LAM resistance . It was reported
that 5 years of LAM treatment resulted in 70% drug
[3,15]
relevant resistance
. The addition of ADV is one

Figure 3 Distribution of Ishak fibrosis scores for the entecavir and
lamivudine arms at baseline and post-treatment. The green areas represent
the percentage of patients who had an Ishak fibrosis score of 0 post-treatment.
ETV: Entecavir; LAM: Lamivudine; ADV: Adefovir.

30 mo of ETV monotherapy, respectively. The two
patients in the LAM arm had baseline fibrosis scores
of 3 and 5. These patients achieved a score of 0 after
43 mo of LAM monotherapy and 47 mo of LAM and
ADV combination therapy (ADV was added when LAM
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Figure 4 Pre- (A) and post-treatment (B) micrographs for a typical 35-year-old female patient with a favorable treatment outcome. Hematoxylin-eosin,
reticular fiber and Masson’s trichrome staining was used in each row of the photos, respectively; × 20 for the left column and × 100 for the right column, respectively.

Table 4 Comparison of baseline characteristics between patients with and without improvement in fibrosis after long-term antiviral
treatment
With improvement in fibrosis
n
Male gender, n (%)
Age (mean ± SD), yr
log10 HBV DNA (mean ± SD), IU/mL
ALT (mean ± SD), U/L
HBeAg positivity, n (%)
Median grade (range)
Median stage (range)
Treated with ETV, n (%)
Treatment duration ≥ 24 mo, n (%)

Without improvement in fibrosis

24
17 (70.83)
43.8 ± 9.9
6.7 ± 1.2
102 ± 82
17 (70.83)
10 (3-16)
5 (3-6)
13 (54.17)
24 (100)

18
13 (72.22)
42.9 ± 9.8
5.9 ± 1.5
99 ± 121
10 (55.56)
9 (0-13)
3.5 (2-5)
6 (33.33)
13 (72.22)

P -value
0.9215
0.7596
0.0602
0.6473
0.3065
0.1713
0.0230
0.1795
0.0101

HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; ETV: Entecavir.

Table 5 Comparison of baseline characteristics between patients with significant or without improvement in fibrosis after long-term
antiviral therapy
With significant improvement
n
Male gender, n (%)
Age (mean ± SD), yr
log10 HBV DNA (mean ± SD), IU/mL
ALT (mean ± SD), U/L
HBeAg positivity, n (%)
Median grade (range)
Median stage (range)
Duration of treatment (mean ± SD), mo

1

9
6 (66.7)
42.1 ± 11.6
7.3 ± 1.0
140 ± 72
7 (77.8)
11(3-14)
5 (3-6)
44 ± 11

Without improvement

P -value

18
13 (72.2)
42.9 ± 9.8
5.9 ± 1.5
99 ± 121
10 (55.6)
9 (0-13)
3.5 (2-5)
41 ± 18

0.7657
0.8557
0.0175
0.0270
0.2597
0.2778
0.2717
0.3956

1

Significant improvement in fibrosis was defined as an Ishak fibrosis score of 0 or 1 post-treatment. HBV: Hepatitis B virus; ALT: Alanine aminotransferase;
HBeAg: Hepatitis B e antigen.

of the rescue therapies for patients who experienced
LAM resistance. In 2005, ETV was approved for use in
treatment-naïve and LAM-resistant patients at a dose
[16]
of 0.5 mg/d and 1 mg/d, respectively . In 2006,
two global multicenter clinical trials demonstrated
that both HBeAg negative and positive patients
benefit more from 48 wk of ETV treatment than LAM
treatment in virological, biochemical, and histological
[17,18]
improvements
. Moreover, a study in 2008 found
a trend of histological improvement after 48 wk of
LAM and ETV treatment in patients with advanced
[19]
fibrosis or cirrhosis was similar . The respective
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histological improvements after long-term treatment
of the two NAs were significant. However, whether ETV
is superior to LAM after long-term treatment remains
[20-23]
unclear
. In this study, we enrolled patients with
advanced fibrosis or cirrhosis receiving more than
three years of treatment with the two agents. Several
patients in the LAM-treated arm were also treated with
ADV when LAM resistance was detected. We found
that patients all benefited from long-term treatment
of the two agents and most patients in both arms
achieved undetectable HBV DNA and normalization of
ALT levels after 3 years of NA treatment. There was
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no significant difference in HBV DNA suppression, ALT
normalization, HBeAg loss, and seroconversion in the
LAM-treated and ETV-treated arms. Thus, it raised
the question of whether the superior efficacy of 48
wk ETV and LAM therapy proven by the global clinical
trials was caused by LAM resistance. We suggest that
low genetic barrier NAs such as LAM remain a suitable
candidate for management of CHB if viral resistance is
well controlled.
Previous studies demonstrated that prolonged
treatment with the currently approved NAs (including
LAM, ADV, LdT, ETV, TDF) could reduce inflammation
grades and fibrosis stages, which results in the
prevention of cirrhosis and subsequent hepatic
[24]
decompensation . It is unclear whether there was
any difference among the 5 NAs in the improvement of
inflammation and regression of fibrosis. In the current
study, we found that long-term treatment with NAs
resulted in significant histological improvement. This
result indicates that long-term NA therapy improves
histological outcome. Moreover, a more significant
decline of median Knodell necroinflammatory score
was observed in the ETV arm than in the LAM arm.
However, the median Ishak fibrosis score was not
different between groups. Interestingly, the same
conclusion was drawn in a 48-wk study comparing
LAM and ETV in the treatment of naïve patients. Our
data suggest that patients may benefit more from ETV
than LAM therapy in the improvement of inflammation
but not in the regression of fibrosis.
Accumulating clinical data have revealed that
hepatic fibrosis or cirrhosis can be reversed when active
treatment was performed. This result was further
proven in our study showing hepatitis B-associated
advanced fibrosis or cirrhosis can be regressed or
reversed by long-term treatment with NAs. We found
that the regression of hepatitis B-associated advanced
fibrosis was closely related with baseline fibrotic stage
and treatment duration. Interestingly, patients with
higher ALT and HBV DNA levels at baseline achieved
significant improvement in fibrosis. However, activated
hepatic stellate cells were key players in hepatic
fibrogenesis and its resolution is closely associated with
[25]
fibrotic regression . Taken together, we suggest that
the regression of hepatitis B associated fibrosis might
not simply result from the suppression of HBV DNA and
there are probably other benefits caused by long-term
NA therapy. It has been proven that long-term therapy
with NAs can restore the function of HBV specific T
[26,27]
cells
. Previous studies demonstrated that NA
[28-30]
therapy can regulate the immune system
. Thus,
immunomodulation effects of long-term NA treatment
may also play a role in the regression of hepatic fibrosis.
Hepatic stellate cells play a key role in fibrogenesis and
it remains unclear whether NA therapy can directly or
indirectly regulate activated hepatic stellate cells. Finally,
we believe that significant progress in understanding
mechanism of hepatic fibrogenesis and reversion of
cirrhosis can eventually translate into more effective

WJG|www.wjgnet.com

treatment strategies for hepatitis B associated fibrosis
or cirrhosis.
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In the treatment for CHB, histological outcome remains an important aspect of
efficacy evaluation and contributes to decision making in terms of treatment
duration and choice of medication.
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Previous studies showed that the histological outcome after 48 wk of ETV
therapy was superior to LAM. The authors compared the histological outcome
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therapy in CHB patients with significant fibrosis or cirrhosis. The results showed
that the majority of patients experienced histological improvement in both arms
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superior to LAM-based therapy in improvement of necroinflammatory but not
fibrotic outcome.

Applications

The results of this study suggest that ETV is superior to LAM-based therapy in
improving liver necroinflammation but not fibrosis in CHB patients. Significant
fibrosis or cirrhosis can be fully reversed in some patients after long-term
treatment.

Terminology

Liver fibrosis is the excessive accumulation of extracellular matrix proteins
that occurs as a result of sustained viral replication and chronic inflammation
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Abstract
AIM: To compare and analyze the effects of obesity
and non-alcoholic fatty liver disease (NAFLD) on
the incidence of type 2 diabetes mellitus (T2DM) in
Chinese subjects.
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METHODS: In 2008, a population of 4847 subjects
was randomly sampled from 17 medical units for
enrollment in this cohort study. Baseline information
was obtained via a questionnaire on general infor
mation, physical examination (height, weight, and
blood pressure), laboratory tests (triglycerides, total
cholesterol, fasting blood glucose, alanine amino
transferase (ALT), uric acid, and creatinine), B-mode
ultrasound, and ECG screening. The incidence of T2DM
after four years of follow-up was calculated. Numeric
variable data was tested for normality, with the data
expressed as mean ± SD. Kaplan-Meier analysis was
performed to calculate the cumulative incidence. The
Cox proportional hazards model was used to analyze
the relative risk (RR) of different body mass index
(BMI) levels and NAFLD on T2DM, as well as analyzing
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the RR adjusted for age, sex, blood pressure, lipids,
transaminases, uric acid, and creatinine.

an important risk factor for type 2 diabetes mellitus
(T2DM), cardiovascular disease, hypertension,
respiratory disease, hepatobiliary disease, certain
cancers, and other chronic non-infectious diseases
and psychosocial disorders, and is an important
global public health problem that leads to disability
(which adversely affects the individual’s quality of
life and increases their financial burden on the state)
[1-3]
and premature death . Although the prevalence of
obesity in China is not as high as that in developed
countries, in recent years it has shown an epidemic
[4]
trend , with a number of obese people second only
to that in the United States, and obesity-related
metabolic syndrome in China has received widespread
attention.
Body mass index (BMI) is obtained by dividing
body weight in kilograms by height in meters squared.
2
In developed countries, subjects with a BMI ≥ 25 kg/m
are defined as overweight and those with a BMI ≥
2
30 kg/m are defined as obese, and there are good
associations and positive predictive effects between
[5,6]
BMI and obesity-related chronic diseases .
However, BMI values and the number of obese
subjects in the Asia-Pacific region are generally
lower than those in Western countries due to ethnic
[7,8]
differences and dietary habits . Research in China
showed that central obesity and the waist/hip ratio
[9,10]
correlate with metabolic syndrome
. It may be
more meaningful to study body fat deposition in AsiaPacific populations.
Non-alcoholic fatty liver disease (NAFLD) was
[11]
first proposed by Ludwig et al , and refers to the
pathological features of alcoholic fatty liver disease.
It is now recognized that NAFLD results in hepatic
metabolic stress damage, and is closely related to
insulin resistance (IR) and genetic susceptibility.
Although the pathological changes in NAFLD are similar
to those in alcoholic liver disease, patients have no
history of excessive alcohol consumption, non-alcoholic
fatty liver (NAFL), non-alcoholic steatohepatitis
(NASH), or related liver cirrhosis and hepatocellular
[12-14]
carcinoma
. NAFLD is the most common chronic
[15,16]
liver disease in developed countries
.
Both obesity and NAFLD are closely related to
T2DM and share a common pathogenesis associated
with “insulin resistance”. However, although studies
have shown that NAFLD is a predictor of pre-diabetes
[17,18]
or T2DM
, and incurs a higher incidence of T2DM
[19,20]
compared with obesity
, it is not widely accepted
that NAFLD is a risk factor for T2DM, and thus this
[21,22]
issue requires further research, especially in China
.

RESULTS: A total of 4736 (97.71%) subjects com
pleted 4-year follow-up, with a median follow-up
time of 3.85 years, totaling 17223 person-years. 380
subjects were diagnosed with T2DM, with a cumulative
incidence of 8.0%. The cumulative incidence of
T2DM in the NAFLD and control groups was 17.4% vs
4.1% (P < 0.001), respectively, while the incidence
in overweight and obese subjects was 11.0% vs
15.8% (P < 0.001), respectively. The incidence of
T2DM increased with an increase in baseline BMI. Cox
regression analysis showed that the risk of T2DM in
the NAFLD group (RR = 4.492, 95%CI: 3.640-5.542)
after adjustment for age, sex, blood pressure, lipids,
ALT, uric acid, and creatinine was 3.367 (2.367-4.266),
while the value (RR, 95%CI) in overweight and
obese subjects after adjustment for age, sex, BMI,
blood pressure, lipids and other factors was 1.274
(0.997-1.629) and 1.554 (1.140-2.091), respectively.
2
Stratification of three BMI levels (BMI < 24 kg/m ,
2
2
2
24 kg/m ≤ BMI < 28 kg/m , BMI ≥ 28 kg/m )
showed that the risk of T2DM in the NAFLD group was
significantly higher than that in the control group (RR
= 3.860, 4.049 and 3.823, respectively).
CONCLUSION: Compared with BMI, NAFLD could
be better at forecasting the risk of T2DM in Chinese
subjects, and may be a high risk factor for T2DM,
independent of overweight/obesity.
Key words: Non-alcoholic fatty liver disease; Type 2
diabetes; Cohort study; Incidence
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A population of 4847 Chinese subjects was
randomly sampled from 17 medical units for enrollment
in this cohort study with a 4-year follow-up. The effects
of obesity and non-alcoholic fatty liver disease (NAFLD)
were compared and analyzed on the incidence of type
2 diabetes mellitus (T2DM). Compared with body mass
index, NAFLD could be better at forecasting the risk
of T2DM in Chinese subjects, and may be a high risk
factor for T2DM, independent of overweight/obesity.
Li WD, Fu KF, Li GM, Lian YS, Ren AM, Chen YJ, Xia
JR. Comparison of effects of obesity and non-alcoholic fatty
liver disease on incidence of type 2 diabetes mellitus. World J
Gastroenterol 2015; 21(32): 9607-9613 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i32/9607.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i32.9607

MATERIALS AND METHODS
Subjects

The study cohort was established in 2008, with
subjects selected from physical examination centers
at three hospitals in Nanjing (Nanjing Provincial Units

INTRODUCTION
As addition to being a chronic disease, obesity is
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Diagnostic criteria for NAFLD and T2DM

Table 1 Study subjects’ general characteristics at baseline
Variable

The diagnosis of NAFLD was in accordance with the
Assessment and Management Guidelines of Nonalcoholic Fatty Liver Disease in Asia and the Pacific
[23]
Region : (1) Diffuse fatty liver could be defined by
B-mode ultrasound via diffusely increased liver near
the field ultrasound echo, a liver echo greater than the
kidney, vascular blurring, and the gradual attenuation
of the far field ultrasound echo; (2) There was no
history of alcohol consumption, or ethanol intake was
less than 140 g in men and 70 g in women per week
in the past 12 mo; and (3) Specific diseases that could
lead to steatosis, such as viral hepatitis, drug-induced
liver disease, total parenteral nutrition, Wilson’s
disease, and autoimmune liver disease, were excluded.
The diagnosis of T2DM patients was in line with the
1999 WHO diagnostic criteria for T2DM, and excluded
gestational diabetes, type 1 diabetes, and special
2
types of diabetes. A BMI ≥ 24 kg/m was defined as
2
overweight and a BMI ≥ 28 kg/m was defined as
obese; serum triglyceride (TG) ≥ 1.70 mmol/L was
defined as high TG; serum total cholesterol (TC) ≥
5.7 mmol/L was defined as high TC; serum aspartate
aminotransferase (AST) or ALT ≥ 40 U/L was defined
as high AST or high ALT.

Value

Gender (male/female)
Age (yr)
Body mass index (kg/m2)
Fasting plasma glucose (mmol/L)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Cholesterol (mmol/L)
Triglycerides (mmol/L)
Alanine aminotransferase (U/L)
Creatinine (μmol/L)
Uric acid (μmol/L)
Non-alcoholic fatty liver disease, n (%)

3149/1587
52.70 ± 14.98
24.04 ± 3.13
5.29 ± 0.62
127.65 ± 17.28
81.87 ± 10.46
4.94 ± 0.95
1.56 ± 1.10
26.42 ± 17.16
76.77 ± 21.71
328.26 ± 82.35
1412 (29.81)

Hospital, Nanjing Armed Police Hospital, and Nanjing
Disease Prevention and Control Center). Using the
cluster sampling method, the units which carried
out staff physical examinations in the three medical
centers were numbered and 17 units were randomly
selected. From January 2008 to December 2008,
baseline information on all employees in each unit
was obtained, and included a questionnaire on general
information, physical examination (height, weight,
and blood pressure), laboratory tests (triglycerides,
total cholesterol, fasting blood glucose, alanine
aminotransferase (ALT), uric acid, and creatinine),
B-mode ultrasound, and ECG screening. The assess
ments were carried out using unified research
programs, a unified questionnaire, and standardized
methods. Participating personnel were trained and
assessed, and informed consent forms were signed
by all participants and the study was approved by the
Ethics Committee of the Nanjing Branch of Jiangsu
Armed Police General Hospital, Nanjing, Jiangsu
Province, China.

Statistical analysis

EpiData 3.02 double-track entry and error correction
software was used to establish a database, and
SPSS17.0 software was used for statistical analysis.
The numeric variable data were tested for normality
and, if present, the data were expressed as mean ±
SD. Kaplan-Meier analysis was performed to calculate
the cumulative incidence and compare the groups. The
Cox proportional hazards model was used to analyze
the relative risk (RR) of different BMI levels and NAFLD
on T2DM, and to analyze the RR adjusted for age, sex,
blood pressure, lipids, transaminases, uric acid, and
creatinine.

Follow-up

T2DM patients or those using insulin (1881), patients
with hepatitis B surface antigen or who were positive
for hepatitis C antibody positive (1043), patients with
other chronic liver diseases (67), inflammatory bowel
disease (46), celiac diseases (ileus, appendix, small
intestine, or colon resection) (194), and alcoholics
(male > 20 g/d, and women > 10 g/d) (314) were
excluded according to serum antibody levels and
questionnaires. Additional tests, such as 2-h postprandial plasma glucose, oral glucose tolerance test
(OGTT) and a C-peptide release test, were performed
when the fasting blood glucose level of subjects were
greater than or equal to 6.1 mmol/L.
A total of 4847 subjects without T2DM during the
baseline assessment were followed up annually from
2008 to 2012. During this period, 111 subjects died or
were moved, transferred, or had just one set of data,
thus 4736 (97.71%) subjects completed the 4-year
follow-up, with a median follow-up time of 3.85 years.

WJG|www.wjgnet.com

RESULTS
Baseline characteristics

Of the 4736 subjects, 3149 were male (66.5%) and
1587 were female (33.5%). The median follow-up
time was 3.85 years, totaling 17223 person-years. A
total of 380 subjects were diagnosed with T2DM during
follow-up, with a cumulative incidence of 8.0%. The
baseline characteristics of the study subjects in 2008
are shown in Table 1.

Influence of NAFLD and baseline BMI on incidence of
T2DM

Subjects were divided into the NAFLD or control
groups according to NAFLD diagnosis using B-mode
ultrasound in the 2008 baseline assessment. KaplanMeier analysis was used to calculate and compare
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Table 2 Incidence of type 2 diabetes mellitus and Cox hazards regression analysis in subjects with different baseline non-alcoholic
fatty liver disease and body mass index levels
Group
Non-alcoholic fatty liver disease
No
Yes
Body mass index (kg/m2)
< 24
About 24
About 28
Age (yr)
< 30
About 30
About 40
About 50
About 60
Gender
F
M
SBp
< 140
≥ 140
Alanine aminotransferase
< 40
≥ 40
Total

n

T2DM

3379
1412

135
245

2999
1249
488

Incidence rate (%)

1

2

RR (95%CI)

RR (95%CI)

4.1
17.4

1
4.492 (3.640-5.542)

1
3.367 (2.367-4.266)

166
137
77

5.5
11
15.8

1
2.023 (1.614-2.537)
2.954 (2.254-3.870)

1
1.274 (0.997-1.629)
1.554 (1.140-2.091)

291
722
1033
1135
1555

5
17
54
114
190

1.7
2.4
5.2
10
12.2

1
1.350 (0.498-3.658)
3.043 (1.217-7.607)
6.021 (2.459-14.743)
7.469 (3.074-18.152)

1
1.044 (0.379-2.875)
1.853 (0.736-4.665)
3.136 (1.270-7.747)
4.344 (1.772-10.651)

3149
1587

86
294

5.4
9.3

1
1.748 (1.374-2.222)

1
1.327 (1.025-1.720)

3672
1064

237
143

6.5
13.4

1
2.164 (1.759-2.664)

1
1.462 (1.139-1.877)

4094
642
4736

303
77
380

7.4
12
8

1
1.628 (1.268-2.091)

1
1.522 (1.165-1.988)

1

P < 0.001 by Log Rank (Mantel-Cox) test, showing differences in the incidence rate between the groups; 2RR adjusted for age, sex, blood pressure, lipids,
alanine aminotransferase, uric acid, and creatinine. T2DM: Type 2 diabetes mellitus.

Table 3 Cox regression analysis of the relationship between non-alcoholic fatty liver disease and type 2 diabetes mellitus at different
body mass index levels
1

2

BMI

NAFLD

n

T2DM

Incidence rate (%)

RR (95%CI)

RR (95%CI)

< 24

Control
NAFLD
Control
NAFLD
Control
NAFLD

2383
616
712
537
229
259

85
81
35
102
15
62

3.6
13.1
4.9
19.0
6.6
23.9

1.0
3.860 (2.847-5.233)
1.0
4.049 (2.758-5.944)
1.0
3.823 (2.175-6.719)

1.0
3.407 (2.461-4.717)
1.0
3.455 (2.269-5.262)
1.0
3.438 (1.841-6.420)

About 24
About 28

1

P < 0.001 by Log Rank (Mantel-Cox) test, indicating a significant difference in T2DM incidence between the two groups; 2RR adjusted for age, sex, blood
pressure, lipids, alanine aminotransferase, uric acid, and creatinine. NAFLD: Non-alcoholic fatty liver disease; T2DM: Type 2 diabetes mellitus.

analysis showed that the risk of T2DM in overweight
and obese subjects was significantly higher than that
in subjects of normal weight (RR = 2.023 and 2.954,
respectively; RR = 1.274 and 1.554, respectively,
after adjustment for age, sex, NAFLD, blood pressure,
cholesterol and other factors).

the cumulative incidence of T2DM in the two groups
(Table 2), and showed that the incidence of T2DM in
the NAFLD group was significantly higher than that in
the control group. Cox regression analysis showed that
the risk of T2DM in the NAFLD group was significantly
higher than that in the control group (RR = 4.492;
RR = 3.367 after adjustment for age, sex, BMI, blood
pressure, lipids, and other factors).
The subjects were divided into three groups
according to their baseline BMI. Kaplan-Meier analysis
was used to calculate and compare the cumulative
incidence of T2DM in the groups (Table 2), and showed
that the incidence of T2DM in overweight (BMI ≥ 24)
and obese (BMI ≥ 28) subjects was significantly higher
than that in subjects with a BMI < 24. Cox regression

WJG|www.wjgnet.com

Influence of NAFLD and different BMI levels on the risk
of T2DM

BMI was stratified into three levels, and the effect of
obesity and NAFLD on the risk of T2DM was evaluated
and compared (Table 3). All three levels of BMI
showed that the risk of T2DM in the NAFLD group was
significantly higher than that in the control group, RR
= 3.860, 4.049 and 3.823, respectively (almost 4.492
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when not stratified; Table 2).

obese. The analytical results showed that NAFLD
groups with different BMI levels had a significantly
higher risk of T2DM than the control group, similar
to the risk without stratification. The risk of T2DM in
NAFLD patients with normal or abnormal BMI showed
little difference, suggesting that irrespective of BMI,
NAFLD increased the risk of T2DM and is thus a BMIindependent risk factor affecting T2DM incidence in
China.

DISCUSSION
Prediction of the risk of T2DM according to different BMI
levels

Although the standards for the definition of obesity
using BMI in Western countries and in the Asia[24]
Pacific region are not the same, a meta-analysis
showed that the RR of T2DM predicted by BMI was
1.18 (95%CI: 1.16-1.20), which increased with
[25]
increasing BMI . Although BMI values were lower in
the Asia-Pacific region, BMI was still associated with
[26]
T2DM risk . In the present study, in accordance
with the provisions of the Chinese Adult Overweight
[27]
and Obesity Prevention and Control Guidelines , a
BMI ≥ 24 was defined as overweight and a BMI ≥
28 was defined as obese. The results showed that,
after adjustment for age, sex, blood pressure, lipids,
ALT, uric acid, and creatinine, the risk of T2DM in
overweight or obese subjects was still significantly
higher than that in normal weight subjects [RR =
1.274 (95%CI: 0.997-1.629) and 1.554 (95%CI:
1.140-2.091), respectively], and the incidence of
T2DM increased with increasing BMI, indicating that
BMI can predict the risk of T2DM in Chinese subjects.

Relationship between NAFLD and T2DM incidence is
closer than that between overweight/obesity and T2DM

It is generally considered that high BMI (overweight/
obesity) is part of the metabolic syndrome and is
a risk factor for T2DM. This study showed that the
four-year cumulative incidence rate of T2DM in
the NAFLD group was 17.4% and the RR (95%CI)
after adjustment was 3.367 (2.367-4.266), while
these values in overweight and obese subjects were
11.0% and 15.8%, respectively, and the RR (95%CI)
after adjustment were 1.274 (0.997-1.629) and
1.554 (1.140-2.091), respectively. These results
indicate that the risk of T2DM in NAFLD subjects is
significantly higher than that in overweight and obese
subjects. Although NAFLD is not widely recognized as
[17,19,28]
a high risk factor for T2DM
, our study results
show that the relationship between NAFLD and the
incidence of T2DM could be closer than that between
overweight/obesity and T2DM in Chinese subjects. In
addition, abnormal BMI and NAFLD together increased
the incidence of T2DM by 6.6 fold, suggesting the
presence of an additive effect on T2DM risk. However,
since the observed objects were only from Nanjing
district, the limited sample size and observation time
were limitations of this study. More studies are needed
to confirm our findings.
Tissues and organs which lower blood glucose
include the liver, muscle, and adipose tissue, and
the liver is a vital organ in substance, energy, and
hormone metabolism. In addition to lowering blood
glucose, the liver can also raise blood glucose by
breaking down glycogen and through gluconeogenesis,
thus the liver plays a pivotal role in blood glucose
regulation. Due to the huge compensatory ability
of the liver, it can be speculated that it is only when
damage or loss of liver cell function due to hepatic
[32]
steatosis reaches a certain level
does a reduction in
the regulatory ability of the liver on blood glucose and
the metabolism of hormones potentially occur, thus
leading to insulin resistance and T2DM, which allows
time for the early prevention of T2DM.
In this study, NAFLD was screened using B-ultra
sound, which is a routine method used in clinical
diagnosis and physical examination, and has the
advantages of convenience, quickness, and reduced
financial cost, while CT examination and liver biopsy
are unsuitable for population screening. Subjects
undergoing physical examination are screened for

Prediction of the effect of NAFLD on T2DM risk

As a characteristic of visceral fat accumulation, NAFLD
is closely associated with insulin resistance and
[28]
T2DM . Studies from Japan showed that pre-diabetic
patients with NAFLD developed T2DM, with a hazard
[29]
ratio (HR) of 6.39 (95%CI: 5.00-8.18, P < 0.001) .
NAFLD was found to be a risk factor for T2DM in nonobese and non-diabetic Korean men, with the NAFLD
group having more subjects with impaired fasting
glucose (IFG) and T2DM than the non-NAFLD group
during a 5-year follow-up period (32.7% vs 17.6%,
[30]
1.9% vs 0.3%, respectively; P < 0.05) . Moreover,
a five-year cohort study from China confirmed that
NAFLD predicts T2DM, but not pre-diabetes. The
adjusted RR (95%CI) of T2DM and pre-diabetes in the
NAFLD group of said study were 4.462 (1.855-10.734,
P < 0.001) and 1.642 (0.965-2.793, P = 0.067),
[31]
respectively, compared with a non-NAFLD group .
The results of our study showed that the RR
(95%CI) of T2DM in the NAFLD group was 3.367
(2.367-4.266), which was significantly higher than that
in the control group. Thus, NAFLD is better than BMI in
forecasting the risk of T2DM in Chinese subjects, and
NAFLD may be an unrecognized risk factor in China’s
recent increased incidence of T2DM.

NAFLD is a risk factor for T2DM independent of
overweight/obesity

In order to evaluate and compare the impact of
BMI and NAFLD on the incidence of T2DM in China,
BMI was classified as either normal, overweight, or
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NAFLD using B-ultrasound and guided by health and
lifestyle education for the intervention and treatment
of NAFLD. Via these methods, liver fat accumulation
[33]
should decrease to the normal range
and the liver
should recover the ability to regulate blood glucose
and hormone metabolism, which may reduce the
incidence of T2DM. Clinicians and patients should be
suitably educated on the dangers of NAFLD.

5
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Background

Although the prevalence of obesity in China is not as high as that in developed
countries, it is generally accepted that obesity is a major risk factor for type 2
diabetes mellitus (T2DM) and is involved in the primary prevention of T2DM in
China. Non-alcoholic fatty liver disease (NAFLD) has shown an epidemic trend
in China in recent years, but in-depth studies on the long-term harm of NAFLD
and its relationship with T2DM are rare. In addition, NAFLD presents almost no
obvious clinical symptoms, resulting in delayed diagnosis and treatment in most
Chinese patients.
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Research frontiers

A previous study showed that sustained NAFLD was associated with an
increased risk of type 2 diabetes in non-obese and non-diabetic Korean men.
The latest research shows that NAFLD is a significant predictor for future
diabetes, but not pre-diabetes, in Chinese subjects.
13

Innovations and breakthroughs

Using a cohort study design, this research included NAFLD as a risk factor for
T2DM and analyzed whether there was a causal association between NAFLD
and the incidence of T2DM in China, compared the risk of obesity and NAFLD
on the incidence of T2DM, and looked for possible reasons for the increased
incidence of T2DM in China in recent years.
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Applications

15

The study results suggest that compared with body mass index, NAFLD is
better at forecasting the risk of T2DM in Chinese subjects and is a high risk
factor for T2DM, independent of overweight/obesity.
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Peer-review

This study has value in confirming this finding in other Asian populations.
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Abstract
AIM: To establish a new model for predicting survival
in acute-on-chronic liver failure (ACLF) patients
treated with an artificial liver support system.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: One hundred and eighty-one ACLF patients
who were admitted to the hospital from January 1,
2012 to December 31, 2014 and were treated with
an artiﬁcial liver support system were enrolled in this
retrospective study, including a derivation cohort (n
= 113) and a validation cohort (n = 68). Laboratory
parameters at baseline were analyzed and correlated

Conflict-of-interest statement: All authors have not declared
any conﬂicts of interest.
Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
wzh941@126.com. Participants gave informed consent for data
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with clinical outcome. In addition to standard medical
therapy, ACLF patients underwent plasma exchange (PE)
or plasma bilirubin adsorption (PBA) combined with
plasma exchange. For the derivation cohort, KaplanMeier methods were used to estimate survival curves,
and Cox regression was used in survival analysis to
generate a prognostic model. The performance of the
new model was tested in the validation cohort using a
receiver-operator curve.

INTRODUCTION
Liver failure (LF) can be classified as acute LF occurring
without any potential liver diseases, acute-on-chronic
liver failure (ACLF), which is caused by an acute
exacerbation of chronic liver diseases resulting from
virus, alcohol or drugs, and chronic decompensation
in any type of end-stage liver disease. ACLF, the
most common type of LF, constitutes a serious
condition with a sophisticated etiology, diversified
[1]
manifestations and a high short-term mortality . So
far, liver transplantation is identified as the most useful
approach for ACLF; however, few patients benefit from
this treatment due to the extreme lack of healthy livers
[2]
and/or the costly operation .
In the past five decades, a variety of different
types of artiﬁcial liver support systems (ALSS)
have been developed to bridge patients with LF to
liver transplantation or to support the failing liver
temporarily, until it is able to regenerate. Although
ALSS cannot substitute for the whole spectrum of liver
functions, these methods can take the place of a few
[3-7]
basic hepatic functions . It has been demonstrated
that some types of ALSS, such as plasma exchange
(PE) and plasma bilirubin adsorption (PBA), are able to
remove toxic substances, improve coagulopathy, and
prevent bleeding. Although some studies have reported
success in prolonging survival, the survival of patients
[8-11]
with LF is variable, approximately 21%-60%
.
Prognostic models have been used for estimating
disease severity and survival and are of great im
portance for doctors to make therapeutic decisions.
The current prognosis models for ACLF were only
analyzing ACLF caused by HBV and might not be ideal
for clinical practice because of the diversified etiologies
[12-14]
of ACLF in Asia
. Moreover, these models were
established based on data from standard medical
treatment (SMT) and without considering the impact
of ALSS on the prognosis of patients. Therefore,
a feasible prognostic model is urgently needed to
estimate the outcomes of patients with ACLF.
We have assessed the overall survival and the
possible prognostic predictors in a cohort of ACLF
patients treated with SMT together with ALSS. The aim
of this study was to develop a novel model to supply
reliable predictive information about these patients.

RESULTS: The mean overall survival for the derivation
cohort was 441 d (95%CI: 379-504 d), and the
90- and 270-d survival probabilities were 70.3%
and 58.3%, respectively. The mean survival times
of patients treated with PBA plus PE and patients
treated with PE were 531 d (95%CI: 455-605 d) and
343 d (95%CI: 254-432 d), respectively, which were
significantly different (P = 0.012). When variables
with bivariate significance were selected for inclusion
into the multivariate Cox regression model, number of
complications, age, scores of the model for end-stage
liver disease (MELD) and type of artiﬁcial liver support
system were defined as independent risk factors for
survival in ACLF patients. This new prognostic model
could accurately discriminate the outcome of patients
with different scores in this cohort (P < 0.001). The
model also had the ability to assign a predicted survival
probability for individual patients. In the validation
cohort, the new model remained better than the MELD.
CONCLUSION: A novel model was constructed to
predict prognosis and accurately discriminate survival
in ACLF patients treated with an artiﬁcial liver support
system.
Key words: Acute-on-chronic liver failure; Artiﬁcial
liver support system; Model for end-stage liver disease;
Plasma exchange; Plasma bilirubin adsorption
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver failure has a high mortality. The current
prognostic model to estimate the survival in acuteon-chronic liver failure (ACLF) patients treated with
an artificial liver support system (ALSS) is not fully
characterized. The aim of this study was to establish
a new scoring model and to test its ability to predict
the survival of ACLF patients treated with ALSS. This
prognostic model accurately differentiated the outcome
of ACLF patients with different risk scores and also had
the ability to assign a predicted survival probability for
individual patients.

MATERIALS AND METHODS
Study design

The present study was based on a retrospective
cohort, including 181 patients with ACLF hospitalized
between January 1, 2012 and December 31, 2014 at
the Department of Infectious Diseases, Union Hospital,
Wuhan, China. The ACLF patients hospitalized from
January 1, 2012 to December 31, 2013 were included
in a derivation cohort (n = 113). This dataset was used
to create the prognostic model. Then, the new model
was validated in another 68 patients hospitalized from

Zhou PQ, Zheng SP, Yu M, He SS, Weng ZH. Prognosis of
acute-on-chronic liver failure patients treated with artiﬁcial liver
support system. World J Gastroenterol 2015; 21(32): 9614-9622
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i32/9614.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i32.9614
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January 1, 2014 to December 31, 2014.
Patients who met the diagnostic criteria for ACLF
were hospitalized, and besides SMT, they were treated
with PE or PBA combined with PE. In this study, liver
transplantation was not available for ACLF patients
owing to the extreme deficiency of healthy livers and/
or the costly operation. ACLF patients with persistent
bleeding, circulatory shock, severe bacterial infection,
pregnancy, international normalized ratio (INR) ≥ 3.0
or platelet count ≤ 30000/μL were excluded for ALSS.
ACLF patients were randomly divided into either a
PBA plus PE group or a PE only group. The follow-up
began at the date of initial treatment of ALSS. In the
derivation cohort, patients were followed until death or
censored at the end point of January 31, 2014. While
in the validation cohort, patients were followed until
the end point of January 31, 2015. Medical history,
physical examination, and auxiliary investigations,
such as laboratory test, abdominal ultrasound or
computed tomography (CT) scan, were finished at
admission. Laboratory parameters included serum
total bilirubin (TB), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), creatinine, and INR,
and others. Adverse events and drugs received were
documented during the whole study period.
The data of ACLF patients were analyzed anony
mously based on the Declaration of Helsinki. This study
was approved by the Ethics Committee of the Union
Hospital, Tongji Medical College, Huazhong University
of Science and Technology, and all enrolled patients
gave their written consent, which was collected in the
hospital and could be used for research.

Spontaneous bacterial peritonitis (SBP) was diagnosed
[20]
by the examination of ascites . Upper gastrointestinal
bleeding commonly arose from the esophagus,
stomach, or duodenum. In some cases, blood could be
[21]
observed in vomit or in tarry stool .

Disease definition

PBA plus PE

Treatments

SMT: SMT was intended to support the liver and
to prevent and treat complications of ACLF. All
patients were administered according to the following
recommendations: absolute bed rest, the use of
hepatocyte growth factor and adenosylmethionine
to regenerate liver cells, the infusion of albumin,
maintaining electrolyte or acid-base equilibrium and
preventing and curing complications. Oral antiviral
drugs including lamivudine, telbivudine, or entecavir
were ordered for the patients with activated replication
of hepatitis B virus.

PE

In addition to SMT, ACLF patients in this group
underwent treatment of PE, which was performed
with a membrane plasma filter (Plasmaflo OP-08W,
Asahi Kasei Kuraray Medical Co., Ltd., Tokyo, Japan).
A double-lumen catheter was inserted into the right
femoral vein of ACLF patients, and approximately 3000
ml of plasma was exchanged per time at a blood flow
rate of 20 to 25 ml/min. Each patient in the derivation
cohort received PE 1 to 4 times, and 93 times in
total were performed in 54 patients. In the validation
cohort, each patient received PE 1 to 4 times, and 62
times in total were performed in 33 patients.

Blood was separated by Plasmaflo OP-08W. Then,
the plasma was passed through an adsorbent column
(Plasorba BR-350, Asahi Kasei Kuraray Medical Co.,
Ltd., Tokyo, Japan). Approximately 2000-2500 ml of
plasma was separated per time at a blood flow rate of
20 ml/min. Perfused over the adsorbent column, the
plasma was returned to the patient after being merged
with hemocytes coming from the plasma filter. After
the PBA process, the patient was treated with PE using
a total of 1500-2000 ml of fresh, frozen plasma. In
the derivation cohort, each patient received PBA plus
PE 1 to 4 times, and 135 times in total were performed
in 59 patients. In the validation cohort, each patient
received PBA plus PE 1 to 4 times, and 76 times in
total were performed in 35 patients.

According to the recommendations generated by the
Asian Pacific Association for the Study of the Liver,
ACLF was defined as acute liver injury emerging as
jaundice and coagulopathy, complicated by ascites and/
or encephalopathy within 4 wk in a patient with known
[15]
or unknown chronic liver disease . The definition
of LF in ACLF was as follows: severe jaundice (total
serum bilirubin ≥ 5 mg/dl) and coagulopathy (INR
≥ 1.5 or prothrombin activity < 40%), which were
indispensable, and ascites and/or encephalopathy,
[15]
which were diagnosed by physical examination .
The diagnosis of hepatitis E virus (HEV) infection
was made according to the detection of anti-HEV
[16]
IgM and/or HEV RNA in serum . Liver cirrhosis
(LC) was diagnosed by the medical history, physical
examination, and laboratory tests, together with
[17]
ultrasonography or CT . Hepatic encephalopathy (HE)
was defined as neuropsychiatric abnormalities including
the cognitive, affective, behavior and consciousness.
It was diagnosed by clinical manifestations and brain
edema identified by magnetic resonance imaging
[18]
(MRI) or CT . Hepatorenal syndrome (HRS) was
defined as a functional renal failure according to the
[19]
criteria created by the International Ascites Club .
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Statistical analysis

Continuous variables are shown as mean ± SD or
median, and categorical variables are expressed by
count. The period from the date of the initial ALSS
to the date of death or loss to follow-up was defined
as survival time. The comparison of the survival
distributions in different groups of patients was
determined by the Kaplan-Meier analysis. The model for
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1.0

Table 1 Patient baseline demographics and the treatment
n (%)

0.8

Derivation cohort Validation cohort P value
(n = 113)

Age (yr)
44.6 (22-81)
Men
94 (83)
Etiology of liver failure
HBV
64 (56.6)
HBV + HEV
36 (31.9)
Other causes1
13 (11.5)
MELD score
24 (12-44)
Total bilirubin (mg/dL)
24.8 (5.9-51.8)
ALT (IU/mL)
262 (12-1757)
AST (IU/mL)
232 (17-1634)
Creatinine (mg/dL)
0.9 (0.3-6.8)
INR
2.4 (0.8-11.4)
Cirrhosis
58 (51.3)
Number of complications
1
57 (50.4)
2
27 (23.9)
3
20 (17.7)
4
8 (7.1)
5
1 (0.9)
Type of ALSS
PE
54 (47.8)
PE + PBA
59 (52.2)

(n = 68)
46.1 (20-79)
52 (76)

0.529
0.268

40 (59)
18 (26)
10 (15)
26 (13-46)
23.1 (5.7-50.1)
211 (23-1519)
206 (20-1301)
1.0 (0.3-7.1)
2.6 (1.0-16.1)
45 (66.2)

0.773
0.443
0.531
0.659
0.841
0.169
0.326
0.533
0.285
0.051

39 (57.4)
13 (19.1)
10 (14.7)
4 (5.9)
2 (2.9)

0.367
0.453
0.600
0.996
0.654

33 (48.5)
35 (51.5)

0.923
0.923

Cum survival

Variable

P = 0.012

0.6

0.4

0.2

0.0

0

200

400
t /d

600

800

Figure 1 Comparing survival in patients with acute-on-chronic liver
failure treated with different types of artiﬁcial liver support systems. The
Kaplan-Meier curves were calculated to compare the overall survival probability
between acute-on-chronic liver failure patients who underwent plasma
exchange (PE) vs those treated with PE plus plasma bilirubin adsorption (PBA).

shows the demographics at baseline. The median age
of these patients was 44.6 years, and 83% of patients
were male. In this Asian cohort, hepatitis B virus was
the prevailing etiology of liver disease. The average
level of HBV DNA of patients infected with hepatitis B
virus was (5.03 ± 2.11) log10 IU/mL. More than half
of the patients (50.4%) had one complication, such
as HE, SBP, HRS, upper gastrointestinal hemorrhage,
or electrolyte disturbances, while others suffered with
two or more complications. The median MELD score of
these patients was 24.
One hundred and thirteen ACLF patients were
treated with SMT plus PBA and/or PE therapy. No
therapy-related adverse events, including severe
hemorrhage, shock, or hypersensitivity, occurred in the
PBA process, but a few allergies such as rash occurred
in cases during PE. At the end point of this study, 65
patients were alive, 42 (37.2%) patients died, and 5
were lost to follow-up.
For the derivation cohort, the mean overall survival
was 441 d (95%CI: 379-504 d), and the 90- and
270-d survival probabilities were 70.3% and 58.3%,
respectively. The mean survival times of patients
treated with SMT together with PBA plus PE and
patients treated with SMT plus PE were 531 d
(95%CI: 455-605 d) and 343 d (95%CI: 254-432 d),
respectively, which were significantly different (P =
0.012, Figure 1).

1

Includes alcohol combined with drugs; autoimmune combined with
drugs; schistosome combined with alcohol. Number (proportion) or
median (interquartile range) are shown. HBV: Hepatitis B virus; HEV:
Hepatitis E virus; MELD: The model for end stage liver disease; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; INR:
International normalized ratio; ALSS: Artiﬁcial liver support system; PE:
Plasma exchange; PBA: Plasma bilirubin adsorption.

end-stage liver disease (MELD) scores were calculated
by the formula: 9.57 × ln[creatinine (mg/dl)] + 3.78
× ln[total bilirubin (mg/dl)] + 11.2 × ln(INR) + 6.43
[22]
(etiology: 0 if cholestatic or alcoholic, 1 otherwise) .
The variables acquired at baseline before the initial
ALSS with p < 0.05 in the bivariate analysis were
introduced to create a multivariate Cox regression
analysis with a p value < 0.1 (using the backward
conditional stepwise regression manner). p < 0.05 was
considered signiﬁcant with a CI of 95%. The receiveroperating characteristic (ROC) curve was used to
describe the MELD and the Cox regression model.
The performance of the model was determined by the
concordance statistic (c-statistic), which was equal to
the area under the ROC curve (AUC). A c-statistic >
[23]
0.7 was considered useful . The predictive accuracy
of the new model was examined in the validation
[23]
cohort by calculating the c-statistic . The AUCs were
compared by the z-test. SPSS 18.0 (SPSS, Chicago, IL,
United States) and MedCalc 11.4 (Mariakerke, Belgium)
software programs were used for data analyses.

Predictors for survival

Moreover, we investigated the correlation between
survival time and clinical data, such as gender, age,
etiology, numbers of complications, type of ALSS, and
serum biomarkers tested at baseline, including TB,
ALT, AST, INR and creatinine. In the bivariate analysis,

RESULTS
Model derivation cohort

In the derivation cohort, a total of 113 ACLF patients
were reviewed and registered into this study. Table 1

WJG|www.wjgnet.com
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Table 2 Univariate and multivariate analyses of risk factors for survival
Variable

Univariate

Multivariate

HR (95%CI)

P value

HR (95%CI)

P value

Age
Gender1
Etiology2

1.045 (1.024-1.067)
0.704 (0.296-1.676)
0.736 (0.178-3.049)

< 0.001
0.428
0.673

1.031 (1.008-1.054)

0.008

0.030

MELD score
Total bilirubin
ALT
AST
Creatinine
BUN
INR
Times3
Complication4
ALSS5

1.120 (1.080-1.161)
1.002 (1.000-1.003)
1.001 (1.000-1.002)
1.001 (1.000-1.002)
1.003 (1.000-1.005)
1.083 (1.015-1.157)
1.369 (1.209-1.550)
0.753 (0.549-1.034)
2.246 (1.721-2.933)
0.455 (0.242-0.856)

< 0.001
0.047
0.022
0.011
0.055
0.017
< 0.001
0.080
< 0.001
0.015

1.102 (1.056-1.150)

< 0.001

0.097

1.694 (1.224-2.344)
0.454 (0.232-0.889)

0.001
0.021

0.527
-0.790

Coefﬁcient

Gender: 0 = male, 1 = female; 2Etiology: 0 = nonviral, 1 = viral; 3Times of ALSS: 1 = 1, 1 = 1, 2 = 2, 3 = 3, 4 = 4, 5 = 5, 6 = 6; 4Number of complications: 1 = 1,
2 = 2, 3 = 3, 4 = 4, 5 = 5; 5Type of ALSS: 0 = PE, 1 = PE plus PBA. MELD: Model for end-stage liver disease; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; INR: International normalized ratio; ALSS: Artificial liver support system.
1

1.000

Table 3 Calculation of probability of survival according to
the risk score
Days

30

60

90

120

180

270

S0 (t)

92.50%

84.90%

79.70%

77.40%

71.80%

65.60%

0.800

S0(t) gives the estimated survival probabilities for a patient with a risk
score of 3.7 which is the mean risk score of acute-on-chronic liver failure
patients in the derivation cohort. To calculate the probability of survival at
t days of a given patient use the following equation: S(t) = S0(t)exp(score-3.7).

Survival

0.600
R2 = 3.7
R3 = 5.6

0.400

some factors evaluated at baseline showed a predictive
impact on overall survival, comprising the type of
ALSS, age, number of complications, MELD score, TB,
ALT, AST, and INR (Table 2).

0.200

0.000

Multivariate model

0

60

120

180

240

300

t /d

Significant variables in the bivariate analysis were
selected into a multivariate Cox regression analysis,
such as type of ALSS, age, number of complications
and MELD score, to define independent predictive
factors for survival (Table 2). According to the
multivariate Cox regression analysis, a risk score (R)
can be calculated by the equation: R = 0.03*(age)
+ 0.097*(MELD score) + 0.527*(the number of
complications) - 0.79*(the type of ALSS).
Further, using the means of covariates for (age,
type of ALSS, MELD and number of complications)
all of the patients in the derivation cohort, a mean R
value of 3.7 could be calculated based on the formula.
Simultaneously, the survival probabilities for an
individual with an R value of 3.7 were estimated by
the survival table created by SPSS (Table 3). If S0(t)
was assigned to the estimated survival probabilities
for a patient with an R value of 3.7, we can calculate
the survival probabilities at t days for any patient by
exp(score-3.7)
using the formula: S(t) = S0(t)
, which was
[24]
previously described . Particularly, based on the

WJG|www.wjgnet.com

R1 = 1.9

Figure 2 Prospective survival probabilities of three assumed acuteon-chronic liver failure patients. According to the equation in Table 3, the
prospective survival probabilities can be computed in individual acute-onchronic liver failure patients with scores of 1.9, 3.7, and 5.6, respectively.

score, the expected survival probability for an individual
patient can be calculated. For instance, the 90- and
270-d survival probabilities for ACLF patients in the
lowest quartile (R = 1.9) were 96.3% and 93.3%,
respectively. However, in the highest quartile (R = 5.6),
the survival probabilities sharply decreased to 21.9%
and 6.0% at 90 and 270 d, respectively (Figure 2).
The new prognostic model also illustrated that
ACLF patients who had lower R values might have a
better survival probability. If the outcomes of patients
with R values less than 3.0 were assigned as “Good”,
patients with an R value more than 5.0 were “Poor”,
and the rest with an R value between 3.0 and 5.0 were
defined as “Fair”. There were signiﬁcant differences in
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B

1.0
Prognostic model
Good
Fair
Poor
Good-censored
Fair-censored
Poor-censored

Cum survival

0.8

0.6

0.4

0.2

0.0

1.0
Prognostic model
Good
Fair
Poor
Good-censored
Fair-censored
Poor-censored

0.8

Cum survival

A

0.6

0.4

0.2

0

200

400
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0.0
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t /d

200

250

300

Figure 3 Survival probabilities of acute-on-chronic liver failure patients with different prognoses. The Kaplan-Meier curves were drawn to contrast survival
probabilities among acute-on-chronic liver failure patients whose prognoses were estimated to be good, fair, and poor, according to the risk scores calculated by the
new model in the derivation cohort (A) and validation cohort (B).

these two scoring systems used in the derivation
cohort. Furthermore, the AUC was obviously greater in
the new prognostic model than in the MELD (z = 2.330,
P = 0.0198) (Figure 4A). In the validation cohort, the
c-statistics were 0.752 (95%CI: 0.636-0.867) and
0.879 (95%CI: 0.799-0.959), respectively, and the
AUC was also greater than in the MELD (z = 2.794, P
= 0.0052) (Figure 4B).

Table 4 Prognosis in the derivation and validation cohorts
according to risk score n (%)
Prognosis

Derivation cohort

Validation cohort

(n = 113)

(n = 68)

36 (31.9)
55 (48.7)
22 (19.4)

21 (30.9)
32 (47.1)
15 (22.0)

Good
Fair
Poor

P value
0.891
0.833
0.676

DISCUSSION

the survival probabilities of patients with “Good”, “Fair”,
and “Poor” prognoses (P < 0.001, Figure 3A), and the
mean survival times of these patients were 684, 344
and 120 d, respectively (P < 0.001).

ACLF is distinguished by the acute exacerbation of
liver function in patients with pre-existing chronic liver
disease that occurs due to acute episodes, including
both infectious and noninfectious causes. Alcohol and
drugs make up the main acute events in the West;
however, infectious causes are common in Asia. The
reactivation of HBV infection is the major etiology of
[25,26]
. Another significant infectious cause
ACLF in Asia
[27,28]
of the acute episode is superinfection with HEV
.
Because there are still no effective therapies available,
except liver transplantation, ACLF is correlated with a
[29]
poor prognosis . Thus, ALSS had been developed to
bridge patients with LF to liver transplantation. Early
estimation of outcome is significant for differentiating
ACLF patients who need liver transplantation from
patients who would survive followed by ALSS. Current
prognostic models based on parameters of clinical
characteristics and the degree of liver dysfunction had
been generated to evaluate the short-term survival
[12-14]
probability of ACLF patients
. However, these
models were usually created on the basis of the data
at baseline from patients without ALSS treatment.
Speciﬁcally, in the present study, we had screened the
prognostic factors in a cohort of ACLF patients treated
with ALSS besides SMT and established a scoring
model that could accurately predict the prognosis in

Model validation

The predictive accuracy of the new model was
validated in another cohort of 68 ACLF patients. The
clinical characteristics of the patients in the validation
cohort are shown in Table 1. For the validation cohort,
the c-statistic for the new prognostic model was 0.879
(95%CI: 0.799-0.959) (Figure 3B).
The classification of the outcome of patients in the
derivation cohort based on the R value resulted in the
assignment of 31.9% of the patients to the “Good”
group (R < 3.0), 48.7% to the “Fair” group (3.0 ≤ R
≤ 5.0), and 19.4% to the “Poor” group (R > 5.0) (Table
4). Similar results were also found in the validation
cohort: 30.9% of the patients were in the “Good”
group, 47.1% in the “Fair” group, and 22.0% in the
“Poor” group.

Comparison with MELD model

We further evaluated the predictive values of MELD
scores and the new Cox model. The results showed
that the c-statistics were 0.799 (95%CI: 0.711-0.887)
and 0.882 (95%CI: 0.818-0.945), respectively, for
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Figure 4 Comparison of the predictive accuracy for survival between the new model and the model for end-stage liver disease. The area under the
receiver-operating characteristic curve (AUC) with 95%CI of the new model and model for end-stage liver disease was 0.882 (0.818-0.945) and 0.799 (0.711-0.887),
respectively, in the derivation cohort (A) and 0.879 (0.799-0.959) and 0.752 (0.636-0.867), respectively, in the validation cohort (B).

different groups of these patients.
It was reported that some types of ALSS such
as PE or PBA could supply a beneficial internal
environment for liver cells to restore liver functions in
[30-33]
ACLF patients
. PE can separate and discard the
plasma of LF patients to get rid of toxic substances
and replenish it with normal plasma to supply several
essential substances, such as coagulation factors and
[34,35]
immunoglobulin
. However, PE requires exchanging
plenty of fresh plasma and bears the risk of some
potential infections. PBA could absorb conjugated and
albumin-bound bilirubin from the plasma and had
[36,37]
proved to be an effective treatment for LF patients
.
PE and PBA have similar effects in lowering bilirubin and
inflammatory cytokines, but PBA has the advantages
of no risk of blood-transmissible diseases and rare side
[32,33]
effects
. Recently, due to a shortage of plasma, the
combination therapy of PBA plus PE, which needs less
plasma than PE, is only widely used for ACLF patients
in China. Our results showed that ACLF patients treated
with PBA plus PE had better outcomes than patients
treated with PE alone.
In this study, the MELD score served as an inde
pendent predictor of survival in accordance with
[12,13]
previous reports
. In addition to MELD, we
encompassed the clinical and biochemical variables
into a Cox regression analysis to identify which were
potential predictors of survival. As previously described,
age was significantly associated with 3-mo mortality in
[12,13]
ACLF patients
. Here, older age had an unfavorable
[12]
prognostic relevance. Complications such as HE
[12,13]
and HRS
were also determined to be significantly
associated with mortality in ACLF patients. The
multivariate analysis in the present study showed that
age, number of complications, MELD score and type
of ALSS independently determined the outcomes of
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patients suffering with ACLF. Then, a predictive scoring
system was created based on the above variables. As
a successive score, the scoring model could precisely
distinguish the prognosis of ACLF patients with different
scores. Furthermore, high-score patients who are
estimated to have a poor outcome probability could
be recognized at baseline and considered for early
alternative treatments, such as liver transplantation.
Speciﬁcally, the model could estimate a forecasted
survival probability for each individual by calculating
the risk score based on the model.
As the prognostic ability of the MELD scoring system
[38]
had been reported in many studies , we further
verified the validity of MELD in patients with ACLF.
The results showed that MELD did well in categorizing
patients based on their risk scores. The c-statistic
was 0.799, indicating that the MELD scoring system
was useful in forecasting survival in ACLF patients.
However, the c-statistic in the new model created in
our study was 0.882. By statistical analysis, we found
that the new scoring model had a higher predictive
capability than MELD. MELD scoring system was
originally developed to determine the priority of liver
transplantation objectively and was built with only
subjective parameters. Therefore, this new prognostic
model including some other clinical variables besides
MELD had a better performance than MELD scoring
system.
However, there are several limitations in this study.
First, it was a retrospective study, and the patients
only came from a single medical center. Second, the
clinical characteristics of the derivation cohort may
limit the new model to be applied in other populations,
such as patients in Western countries, where alcohol
and drugs are the main cause of ACLF. Studies of more
heterogeneous groups of patients from geographically
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diverse areas are needed. Third, several widely
accepted prognostic models for LF were not selected,
and only MELD was compared in this study. ALSS
is not actually proven to be effective in prolonging
the patient’s survival by a well-designed randomized
controlled trial. Though the new model could predict
the patient’s survival better than MELD, it can only be
applied to ACLF patients who undergo ALSS besides
SMT.
In summary, based on a cohort of patients with
ACLF, we have established and validated a new
prognostic model for ACLF patients. It was the first
to explore an approach to estimate the prognosis of
patients treated with ALSS in Asia, and the feasibility
of this novel scoring system should be validated by
additional larger prospective studies.
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Abstract
AIM: To describe a method for the transjugular
intrahepatic portal systemic shunt (TIPS) placement
performed with the aid of contrast-enhanced
computed tomography (CECT) and three-dimensional
reconstructed vascular images (3D RVIs), and to assess
its safety and effectiveness.

Institutional review board statement: The study was reviewed
and approved by the General Hospital of Chengdu Military
Command Institutional Review Board.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: Four hundred and ninety patients
were treated with TIPS between January 2005 and
December 2012. All patients underwent liver CECT and
reconstruction of 3D RVIs of the right hepatic vein to
portal vein (PV) prior to the operation. The 3D RVIs
were carefully reviewed to plan the puncture path from
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the start to target points for needle pass through the
PV in the TIPS procedure.

hepatic cirrhosis, particularly to treat the rupture and
bleeding due to esophageal varices resulting from
portal hypertension and refractory ascites. Since the
[3]
[4]
late 1980s when Rösch et al and Rössle et al first
reported the clinical use of self-expandable metallic
stents, transjugular intrahepatic portosystemic shunt
(TIPS) has been increasingly used clinically with
satisfactory results to treat cirrhotic portal hypertension
[4-8]
and associated complications
. However, TIPS
procedures are operationally complicated with many
steps and technical challenges. One of the most
important and critical steps is to precisely puncture the
portal vein (PV) branch and to ensure that the target
site is safe to puncture. Precise puncture into the PV
branch is a prerequisite for successful operation, while
the safety of the puncture point is critical to the safety
of patients. For this reason, a large number of studies
have been done to explore various methods that can
improve the puncture accuracy. Although those studies
have helped improve the TIPS techniques, continued
improvement of puncture method is being pursued
for better, simpler, and safer TIPS procedures with
minimally invasion and reduced radiation exposure.
Since 2005, our center has been using preoperative
contrast-enhanced computed tomography (CECT) and
three-dimensional reconstructed vascular images (3D
RVIs) to plan and guide the puncture of the PV branch.
[9,10]
The clinical outcomes have been satisfactory
. In
this report, the technical details of the method are
described and their safety and efficacy were analyzed
retrospectively.

RESULTS: The improved TIPS procedure was
successful in 483 (98.6%) of the 490 patients. The
number of punctures attempted was one in 294 (60%)
patients, 2 to 3 in 147 (30%) patients, 4 to 6 in 25
(5.1%) patients and more than 6 in 17 (3.5%) patients.
Seven patients failed. Of the 490 patients, 12 had
punctures into the artery, 15 into the bile duct, eight
into the gallbladder, and 18 through the liver capsule.
Analysis of the portograms from the 483 successful
cases indicated that the puncture points were all
located distally to the PV bifurcation on anteroposterior
images, while the points were located proximally to
the bifurcation in the three cases with intraabdominal
bleeding. The complications included three cases of
bleeding, of whom one died and two needed surgery.
CONCLUSION: Use of CECT and 3D RVIs to plan the
puncture path for TIPS procedure is safe, simple and
effective for clinical use.
Key words: Transjugular intrahepatic portal systemic
shunt; Contrast-enhanced computed tomography; 3D
vascular reconstruction; Interventional radiology
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Precise planning of puncture path is crucial
for safe and effective transjugular intrahepatic portal
systemic shunt (TIPS) placement. We have developed
and applied an approach that combines contrastenhanced computed tomography and reconstruction
of hepatic vascular system in TIPS placement. Our
retrospective study with 490 patients over a period of
seven years shows that the improved TIPS procedure
was successful in 98.6% of the patients, indicating that
this method is safe, simple and effective for clinical use.

MATERIALS AND METHODS
Subjects

Between January 2005 and December 2012, 490 patients
diagnosed with portal hypertension and hepatic cirrhosis
[4]
underwent TIPS placement in our departments . These
patients were analyzed retrospectively. All patients for TIPS
were selected according to the criteria of the American
Hepatological Association for the clinical application
[11,12]
of TIPS
. The study protocol was approved by the
institutional ethics committee, and informed consent was
obtained from all patients.

Qin JP, Tang SH, Jiang MD, He QW, Chen HB, Yao X, Zeng
WZ, Gu M. Contrast enhanced computed tomography and
reconstruction of hepatic vascular system for transjugular
intrahepatic portal systemic shunt puncture path planning. World
J Gastroenterol 2015; 21(32): 9623-9629 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i32/9623.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i32.9623

TIPS procedure

Before operation, the patients underwent CECT with
an Aquilion One scanner (Toshiba, Japan) and the
obtained imaging data were used to reconstruct threedimensional (3D) right hepatic vein to PV images at
the Vitrea workstation. The anatomical relationship
between the right vein and PV was carefully reviewed
to define the spatial relationship between the two
puncture points to plan the PV puncture. In typical
TIPS procedure, the point of origin is generally started
from the right hepatic vein about 1.5 cm away from
the confluence of the right hepatic vein to the inferior
vena cava (IVC), while the target point is on the

INTRODUCTION
China has a high prevalence rate of hepatitis B, and
chronic hepatitis often results in hepatic cirrhosis,
portal hypertension and other related complications.
These diseases impose a heavy burden on the
[1,2]
patient’s family and the country . Currently, liver
transplantation is still limited in China, and the common
therapeutic option is to manage the complications of
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A

O

T
T

O

B

Figure 1 Axial distance between puncture point of origin (o) and target
point (t) of the portal vein. Point of origin (o) is located about 1.5 cm (white
line) from the confluence of the right hepatic vein to inferior vena cava, and
the red arrow between the two points is the anterior-posterior distance of the
puncture.

O

TT

T

Figure 3 Comparison of preoperative three-dimensional reconstructed
image of the portal vein system and direct portogram obtained with noniodinated contrast medium (Iopamiro 370) after a successful portal vein
puncture. A: Preoperative three-dimensional reconstructed vascular image;
B: Direct portogram of the portal vein (PV) during a successful puncture. O:
Puncture point of the right hepatic vein; T: Target point of the right PV branch.

a
O

extending toward the abdomen was the direction of
puncture (Figure 2). The image in Figure 1 was flipped
horizontally by 180 degrees, and the angle between
the direction given by the extension line that links the
two puncture points and direction of the right hepatic
vein was measured as rotation angle (α). Once these
distances were determined, additional information
regarding the spatial relationship between the two
puncture points was obtained from the reconstructed
venograms from coronal CECT (Figure 3a). We used
all these parameters and the angle at which the right
hepatic vein joins the IVC to adjust the tip angle of
the puncture set and to set the counterclockwise
rotation angle, as well as to plan puncture path for
individual patients. Generally, the directions of the
punctures were from left to right, anterior to posterior
and cephalad to caudal. All angiographic studies and
punctures were performed with the aid of an imageguided system (Innova 3100-IQ, GE, United States).
To create the stunt, the Rösch-Uchida set (RUPS-100,
COOK Company, United States) via the transjugular
approach was inserted into IVC with the aid of a
guidewire and advanced to the right hepatic vein.
The puncture start point selected based on the above
parameters was visualized by hand venography and
the catheter was advanced to the target point of the
PV branch. After entering the hepatic parenchyma, the

Figure 2 Determination of rotation angle for puncture set. Contrastenhanced computed tomography image in Figure 1 is rotated 180 degrees, and
the angle between the direction given by the extension line that links the two
puncture points and direction of the right vein (red arrow) is the rotation angle (α)
for the puncture set.

trunk of the right PV. Thus, once the relationship
between the desired start point and target point is
adequately defined, the puncture can be achieved
precisely. Therefore, the cephalad-caudal and anteriorposterior distances between the two puncture points
and left or right position need to be determined. In
our TIPS procedure, these distances were adequately
determined based on the CECT and 3D RVIs. For the
cephalad-caudal distance, we first located the slices of
the axial CECT image with the intended puncture start
and target points, and then calculated the distance
by multiplying the number of slices between the two
points and the thickness of the slice. For the anteriorposterior distance, a line was drawn between the
desired point of origin and target point on the axial
CECT image, and its length was measured (Figure 1).
In addition to these distances, the rotation angle (α)
of the puncture set was determined as follows: On
the axial slice of the desired puncture point, a line was
drawn between the point of origin and target point
of the right PV trunk, and the direction of the line
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balloon (measuring 8 mm in diameter) was inserted
into the puncture tract to place a self-expandable
metallic stent (measuring 8 mm in diameter). The
patient was again measured for pressure and imaged
at lateral and axial positions (Figure 3b).

Table 1 Clinical data for 490 patients who underwent
transjugular intrahepatic portal systemic shunt placement
Clinical factor

Number of patient

Gender
Male/female
Age (mean ± SD)
TIPS indication
Upper gastrointestinal bleeding
Refractory ascites
Hepatorenal syndrome
Intractable pleural effusion
Cause of disease
Hepatitis B virus associated cirrhosis
Hepatitis C virus associated cirrhosis
Alcoholic hepatic disease
Autoimmune hepatic disease
Hepatitis B virus infection combined with
other factors1
Cirrhosis of unknown cause

388/102
48.2 ± 13.7

RESULTS

440
22
20
8

Clinical data

A total of 490 patients with hepatic cirrhosis and
portal hypertension underwent TIPS placement in our
departments between January 2005 and December
[9]
2012 . All patients underwent preoperative CECT
of the liver and the imaging data were used to
reconstruct the 3D right hepatic to portal venograms.
Their clinical data are shown in Table 1.

307
22
52
17
78
14

Outcomes of TIPS procedure

Out of the 490 patients, 483 (98.6%) had successful
portosystemic shunt creation. The TIPS procedure failed
in seven patients. In the seven patients, the punctures
caused hepatic subcapsular hematoma, as revealed
by intraoperative angiography, and stopping of the
TIPS procedure in two patients, portal vein thrombosis
blocked the guidewire to enter the PV trunk in two
patients, and abdominal bleeding developed in three
patients (one died, and two survived after surgical
repair or placement of covered stent to stop bleeding).
With regards to the number of punctures attempted,
the number was one in 294 (60%) patients, 2 to 3 in
147 (30%) patients, 4 to 6 in 25 (5.1%), and more
than 6 in 17 (3.5%) patients. During the procedure, all
collateral vessels that caused esophageal varices were
embolized.

1

Other factors include alcohol consumption and schistosome infection.

T

B

Figure 4 Portogram showing target point in transjugular intrahepatic
portal systemic shunt puncture. The points were distal to the image
bifurcation (T: Target point of the portal vein; B: The bifurcation).

Puncture safety

In 455 (92.8%) patients, the points of origin were
selected near the confluence of the right hepatic vein
where it joins the IVC and the target points were the
right hepatic vein trunk. In the remaining 35 (7.2%)
patients, the target points were the left branch of PV;
some of these patients had very small right portal vein
branches that were not suitable for puncture and the
other had thrombus in the right portal veins. In all 490
patients, the target points were all distal to the imaged
bifurcation of the right veins. For the three patients
with intraabdominal bleeding, their target points
were in the left vein branches, and were all near the
bifurcation of the PV (Figure 4). When the tracts were
dilated with a balloon, they bled.

needle was retrieved, leaving the 5F cannula in place.
The cannula was then connected to a 5 mL syringe
with 2 mL of heparin saline to aspire the blood. The
color and pressure of the blood were used to judge
if it was from the portal vein. Five milliliters of noniodinated contrast medium (Iopamiro 370) was then
slowly injected to visualize the PVs distal to the target
point. If only one branch was seen, it indicated that
the target point would be in the PV branch. If both
right and left branches or/and the main trunk were
seen, the puncture target point was expected to be
near the PV bifurcation or in the PV trunk. Once the
safety of the puncture target point was confirmed,
the catheter was advanced to the trunk with the aid
of the super tiff guidewire, leaving the 10F sheath
in the trunk. Pressure measurements were then
preformed and direct portography was made at lateral
and anteroposterior positions to further confirm the
safety. The collateral vessels that cause esophageal
varices could be identified by direct PV angiography
and embolized with steel spring and gelatin sponge. A
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Puncture-related complications

Three patients had intraoperative intraabdominal
bleeding and two had hepatic subcapsular hematoma.
Other complications included puncture into the hepatic
artery, biliary tract, gallbladder, and through liver
capsule, as revealed by leaking of contrast agents
(Table 2). The patients were asymptomatic following
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methods, extra equipment is needed, such as
ultrasound, and magnetic resonance imaging machine,
while others are invasive, such as placement of
intravascular markers and indirect portal venography,
and may lead to complications such as bleeding, local
and abdominal hematoma, femoral artery pseu
doaneurysm, femoral arterial to venous fistula and
high vagal reflex, or even death caused by retro
[25-27]
peritoneal hematoma
. Indirect angiography via
the superior mesenteric artery increases the amount
of contrast medium used in the surgery. This not only
increases the risk of traumatic injury to organs,
particularly the kidney, but also radiation exposure.
Patients need to stay supine after angiography, which
is inconvenient for patients. As an effort to improve the
effectiveness and safety of TIPS procedure, we started
to use CECT imaging to plan and guide the puncture
path in 2005, and have since been satisfactory with
[9]
this method . Between 2005 and 2012, the method
has been applied to 490 patients. In 98.6% of the
patients the stunts were satisfactorily created between
the hepatic vein and portal vein. Among the seven
who failed, three developed intraabdominal bleeding
and two had subcapsular hematoma. The two patients
completed the surgery in later times. The remaining
two had portal vein thrombosis that prevented the
guidewire from entering the PV trunk. Although the
reported success rates of indirect portography-, CT[13,24]
and ultrasound-guided TIPS are nearly 100%
, the
number of cases in those studies is much less than
that of our study. Furthermore, there are also diffe
rences in the case selection in those studies. On the
other hand, the seven patients who failed in our study
were highly difficult patients with significantly reduced
sized liver and shortened cephalad-caudal distance.
Therefore the failure is not due to the puncture
planning method. In 3D ultrasound-guided needle
puncture, the single-passage success rate was shown
to be 40% and the rate of over 10 passages was
[28]
10% . Using our method, the successful rates for
single, 2 to 3, 4 to 6 and more than six needle
passages were 60.0%, 29.2% 4.9% and 3.5%,
respectively. Therefore, compared with earlier me
thods, our method has certain advantages and is able
to reduce the risk of related complications. In our
operation, a few of patients were attempted for more
than three needle passages before success. This is
partially because some of these patients had relatively
large cephalad-caudal and anterior-posterior distances
between the right veins and PV branches. This resulted
in a puncture distance that is too large for the puncture
set (the Rösch-Uchida set RUPS-100) used in the
procedure, whose maximal puncture distance is 5.2
cm. For patients with a significantly reduced sized liver,
the cephalad-caudal distance between the right vein
and PV branch is very short. This would require a
greater needle rotating angle, making the puncture

Table 2 Incidence of complications related to the transjugular
intrahepatic portal systemic shunt procedure n (%)
Complication
Intraabdominal bleeding
Hepatic subcapsular hematoma
Puncture into
biliary tract
gallbladder
hepatic artery
Puncture through liver capsule

Number
3 (0.6)
2 (0.4)
15 (3.1)
8 (1.6)
12 (2.4)
18 (3.7)

rapid needle removal.

DISCUSSION
In TIPS procedures, various methods have been
attempted to improve the accuracy and safety of PV
[13]
puncture. Warner et al used a radiopaque marker in
the hepatic artery to localize the PV during TIPS for
[14]
better needle guidance. Yamagami et al
and Matsui
[15]
et al reported the use of artery-targeting guidewires
to increase safety and efficacy of TIPS. The fluo
roscopic landmarks in the hepatic artery or vein can be
beneficial for the catheterization, guidance of the
guidewire, tract balloon dilation, and stent placement.
However, the blind passage of puncture needle from
the hepatic vein to portal venous system can be
difficult, especially for hepatic cirrhosis patients with
disordered hepatic anatomy. In addition, ultrasoundand intravascular ultrasound-guided punctures have
[16-20]
been reported
. These methods are noninvasive,
real-time, readily available, relatively fast, and have
less expense, and less radiation exposure. However,
sonographic imaging might be obscured by the ascites
and bowel gas in the peritoneal cavity. Magnetic
resonance imaging (MRI) is believed to be a relatively
ideal method for hepatic and portal vascular imaging,
with the advantages of cross-sectional nature, no
radioactivity, high sensitivity to vascular flow, and softtissue visualization, especially for complex inter
[21]
ventions . However, MRI imaging needs relatively
long acquisition and display time, which can be
influenced by the respiratory motion and surgical
metallic devices in patients. The hepatic wedged
venography is one of the most frequently used
methods for portography, with CO2 used as the
[22-24]
contrast medium
. This method, without additional
invasive access, can produce low-cost, real-time, fast
and good images with minimal extra equipment.
However, the imaging resolution of CO2 is lower
compared with those obtained with iodinated agents.
Due to the low viscosity, CO2 mainly diffuses to the
hepatic veins and branches of the PV, not to the portal
vein trunks, resulting in poor ability to image the PV
and trunks. The guided methods reported so far have
significantly contributed to the improvement of
accuracy of TIPS puncture. However, in some of the
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more difficult. Our experience also shows that when
the left to right distance between the start and
intended target point is too large, it will also make the
puncture difficult. Since the spatial relationships
between the right vein and PV branch in individual
patients with different degrees of hepatic cirrhosis are
highly variable, careful review of the CECT images and
3D RVIs can effectively help improve the puncture
[9]
accuracy. As shown in an earlier study , the spatial
relationship between the right hepatic vein and the PV
branch is not affected by sex, age, ascites and the
Child score. Therefore, the PV puncture can be planned
with a full understanding of the patient’s anatomic
structures between the right hepatic and PV. The tip
curve and rotating angle can be adjusted based on the
spatial parameters that measure the cephalad-caudal
and anterior-posterior distances between the start
point and intended target point. Our clinical data show
that CECT and 3D RVIs can provide accurate 3D
relationship between the two puncture points and can
be used to successfully plan the puncture path. In fact,
the direct portogram in successful TIPS patients and
preoperatively reconstructed 3D right hepatic vein to
PV image are fully consistent (Figure 3), indicating that
the CECT and 3D RVIs can be used effectively to plan
the puncture. Using this method, fewer equipment is
needed during the procedure for the needle guidance
and the use of indirect portography is reduced.
Therefore, TIPS procedure can be performed via the
jugular vein approach with fewer steps, thus reducing
complications and patient costs. Access to the PV is
important for portosystemic shunt creation. The safety
of the target point is the key to the success of
operation. If wrongly placed, the puncture would result
in intraabdominal bleeding, which often endangers the
patient’s life. So far, the data used to determine the
anatomical bifurcation of the PV and puncture point
[29]
safety are based on autopsy studies
and the
puncture point that is 2 cm above the bifurcation is
considered safe. Our retrospective analysis of 490 TIPS
patients based on their direct portograms showed that
all successful puncture points were distal to the
bifurcation on the portograms (Figure 3). For the three
patients with intraabdominal bleeding after the balloon
inflation, their livers were remarkably atrophied with
increased hepatic fissure and the target points were
located on the left branch of the PV, close to the
[30]
bifurcation . Due to liver atrophy, the target points
were in hepatic fissure. Once the balloon was inflated,
it resulted in bleeding. In TIPS procedures, no matter
which guiding method is used, it is not possible to
completely avoid misplaced puncture into the bile duct,
gallbladder, liver and hepatic artery. This is because
the guidance technique is still not precise enough, and
because of the anatomical concomitance of PV
branches with the bile duct and hepatic artery.
Furthermore, most of the TIPS patients in China have
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hepatitis B virus associated cirrhosis. They often have
remarkable parenchymal atrophy with increased liver
hardness. Therefore, the puncture is more difficult to
preform by using the most commonly used RöschUchida transjugular liver access set RUPS-100, which
uses a 5-Fr catheter, a trocar stylet (diameter 0.038
inch) and a spring tip. In puncture operation, the front
part of the stylet assembly is inserted into the hepatic
parenchyma toward the portal system, the stylet is
then removed from the catheter and the cannula is
retrieved to the PV branch. If puncture is misplaced,
the catheter can be removed immediately without
traumatic injury to the patient. However, if the stylet is
advanced too deep into the right hepatic vein, it is
more likely to puncture the gallbladder or puncture
through the liver capsule. Of course, these comp
lications can be reduced with improvement of the
operator’s skill.
In summary, we describe here a method for
puncture planning and guidance in TIPS procedure
using CECT and 3D reconstruction of the hepatic
vascular system. Our analysis is based on the stunt
creation in a large sample of patients and shows that
this method is effective, safe, simple, and conducive to
clinical use.
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The transjugular intrahepatic portosystemic shunt (TIPS) has been increasingly
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and to ensure that the target site is safe to puncture. Precise puncture into the
PV branch is a prerequisite for successful operation.

Research frontiers

The center has been using preoperative contrast-enhanced computed
tomography (CECT) and three-dimensional reconstructed vascular images (3D
RVIs) to plan and guide the puncture of PV branch.

Innovations and breakthroughs

Compared with earlier methods, our method has certain advantages and is
able to reduce the risk of related complications. Careful review of the CECT
images and 3D RVIs can effectively help improve the puncture accuracy. Using
this method, fewer equipment is needed during the procedure for the needle
guidance and the use of indirect portography is reduced.

Applications

The authors describe here a method for puncture planning and guidance
which can be used in TIPS procedures using CECT and three-dimensional
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AIM: To compare the efficacy of hepatic resection
(HR) and transarterial chemoembolization (TACE) for
patients with solitary huge (≥ 10 cm) hepatocellular
carcinoma (HCC).

Informed consent statement: All study participants or their
legal guardian provided informed written consent prior to
enrollment.

METHODS: Records were retrospectively analyzed
of 247 patients with solitary huge HCC, comprising
180 treated by HR and 67 by TACE. Long-term overall
survival (OS) was compared between the two groups
using the Kaplan-Meier method, and independent
predictors of survival were identified by multivariate
analysis. These analyses were performed using all
patients in both groups and/or 61 pairs of propensity
score-matched patients from the two groups.
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RESULTS: OS at 5 years was significantly higher in
the HR group than the TACE group, across all patients
(P = 0.002) and across propensity score-matched
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pairs (36.4% vs 18.2%, P = 0.039). The two groups
showed similar postoperative mortality and morbidity.
Multivariate analysis identified alpha-fetoprotein ≥
400 ng/ml, presence of vascular invasion and TACE
treatment as independent predictors of poor OS.

for patients with a subtype of huge HCC known as
solitary huge HCC. Several large case series suggest
that the large tumor size does not affect prognosis,
such that patients with this subtype generally have
similar clinicopathological characteristics and prognosis
[6,7]
as those with small HCC after HR . Moreover, one
large case series concluded that HR should be more
[3]
effective than TACE as initial treatment for huge HCC .
The clinical reality is unknown, since we are unaware
of direct comparisons of HR and TACE in patients with
solitary huge HCC, and few studies have even looked
at TACE in these patients.
Therefore we investigated the long-term OS of
patients with solitary huge HCC who received HR or
TACE. Post-treatment complications and mortality
were analyzed, and independent factors associated
with prognosis were identified. To reduce patient
selection bias inherent in this non-randomized com
parison of interventions, we performed propensity
score matching to generate pairs of patients from both
treatment arms.

CONCLUSION: Our findings suggest that HR can be
safe and more effective than TACE for patients with
solitary huge HCC.
Key words: Hepatic resection; Transarterial chemoem
bolization; Solitary huge hepatocellular carcinoma; overall
survival; propensity score matching
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic resection (HR) and transarterial
chemoembolization (TACE) are the generally accepted
treatment options for huge hepatocellular carcinoma
(HCC) (≥ 10 cm), but the most appropriate treatment
option for treating solitary huge HCC (≥ 10 cm) is
controversial. This subtype of huge HCC involves similar
clinicopathology and prognosis as small HCC after HR.
Since reports of TACE to treat solitary huge HCC are
limited, we compared the efficacy of HR and TACE in
a retrospective analysis with and without propensity
score matching.

MATERIALS AND METHODS
Patients

This retrospective analysis examined patients newly
diagnosed with solitary huge HCC (≥ 10 cm) at our
hospital between April 2008 and April 2010. Patients
were excluded if they showed metastasis at the time
of diagnosis or had received any initial HCC treatment,
such as chemotherapy, radiotherapy, supportive
care, or sorafenib. Patients were also excluded if they
had Child-Pugh C liver function or if medical records
were incomplete, such that 5-year OS could not be
determined.
HCC diagnosis was confirmed in TACE patients by
needle biopsy or by analysis using two image methods
[ultrasonography, computed tomography (CT), or
magnetic resonance imaging (MRI)] in conjunction
with serum level of α-fetoprotein (AFP) > 400 ng/
mL. Needle biopsy was performed in patients with
uncertain diagnosis based on imaging and AFP level.
Patients enrolled in the study were assigned to
groups based on whether they were treated initially
with HR or TACE. Indications for surgery were lack of
ascites, hepatic encephalopathy, and hypersplenism,
as well as the presence of appropriate residual liver
volume, as determined by volumetric computed
[8,9]
tomography . Indications for TACE were lack of
ascites, Child-Pugh A liver function or Child-Pugh
B liver function with a score of 7, and insufficient
[9]
estimated residual liver volume for HR . Patients who
satisfied the indications for both HR and TACE were
treated with HR unless they requested TACE.

Zhu SL, Zhong JH, Ke Y, Ma L, You XM, Li LQ. Efficacy of
hepatic resection vs transarterial chemoembolization for solitary
huge hepatocellular carcinoma. World J Gastroenterol 2015;
21(32): 9630-9637 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i32/9630.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9630

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common malignant tumor and the third most common
cause of cancer-related death worldwide. More than
660000 new cases of HCC are registered every
year, and incidence in most countries appears to
[1,2]
be increasing . Huge HCC (≥ 10 cm) is common
in clinical practice, and hepatic resection (HR) and
transarterial chemoembolization (TACE) are the
generally accepted treatment options. The most
appropriate treatment option for huge HCC remains
[3]
controversial . HR is technically difficult for treating
huge HCC because extensive resection is usually
required, which may be associated with high risk
of mortality and poor prognosis. While TACE should
provide reasonable efficacy and low procedure-related
mortality based on comparisons of HR and TACE in
patients with other types of HCC, studies suggest
5-year overall survival (OS) is < 10% in patients with
[4,5]
huge HCC .
Even less clear is the most appropriate treatment

WJG|www.wjgnet.com

Interventions

[9-11]

HR was performed as described
, while TACE was
performed as follows. With the patient under local
anesthesia, a 4F-to-5F French catheter was introduced
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into the abdominal aorta via the superficial femoral
artery using the Seldinger technique. Hepatic arterial
angiography was performed using fluoroscopy to guide
the catheter into the celiac and superior mesenteric
artery. Then the feeding arteries, tumor, and vascular
anatomy surrounding the tumor were identified. A
microcatheter was introduced through the 4F-to-5F
catheter into the feeding arteries. An emulsion of 5-15
ml lipiodol (Andre Guerbet, Aulnay-sous-Bois, France)
2
and 5-fluorouracil (500 mg/m ) with or without
2
adriamycin (30 mg/m ) was infused into the feeding
[12]
arteries until blood flow nearly stopped . Followup CT scanning was performed one month later to
evaluate the effects of TACE. The course was repeated
once every 1-2 mo for 2-6 cycles.

TACE groups using the t-test. Results for categorical
variables were compared using the chi-squared or
Fisher’s exact test as appropriate. Differences in OS
were assessed for significance using the log-rank test.
Multivariate analysis was carried out using the Cox
proportional hazards model to identify independent
prognostic factors. All statistical analyses were
performed with SPSS 19.0 (Chicago, IL, United States)
using a significance threshold of P < 0.05.

RESULTS
Medical records for 1218 patients newly diagnosed
with HCC at our hospital between April 2008 and April
2010 were retrospectively analyzed (Figure 1). Of
these patients, 245 were excluded because they had
metastasis at the time of diagnosis or had received
initial HCC treatment at other centers. Among the
remaining 973 patients, 302 had solitary huge HCC
(≥ 10 cm). Of these patients, 38 were excluded
because they had received other treatments, including
chemotherapy, radiotherapy, supportive care, or
sorafenib; another 17 were excluded because they
had Child-Pugh C liver function or medical records
were incomplete. The remaining 247 patients were
assigned to either a group that received HR (n = 180)
or a group that received TACE (n = 67). Patients in the
TACE group received a mean of 2.04 ± 0.99 cycles of
chemoembolization (range: 1-5).
The clinicopathological characteristics of the two
groups were compared (Table 1). The two groups were
similar for all parameters analyzed, except that the HR
group contained a significantly greater proportion of
HbsAg-positive patients, as well as significantly higher
levels of total bilirubin and albumin. The standardized
difference of most variables between the two groups
was > 10%, indicating that the two groups were not
well matched for most baseline characteristics.

Follow-up

Every 2-3 mo after HR or TACE, especially during
the first 2 years, patients underwent follow-up liver
function testing, serum AFP determination, chest
radiography and liver imaging by CT, MRI, and
ultrasonography.

Outcome

OS was calculated from the day of surgery until the
date of the last follow-up, and survival was calculated
using the Kaplan-Meier method. Since residual viable
tumor cells remained after TACE, disease-free survival
(DFS) was not used as an outcome to compare the
two interventions.

Propensity score matching

We used propensity score matching to reduce potential
effects of patient selection bias and baseline differences
[13]
in this non-randomized comparison of interventions .
Matching was performed using the PSM module
[9]
developed by Felix Thoemmes for SPSS . Propensity
scores were estimated for each patient using a logistic
regression model based on age, gender, tumor
size, hepatitis B virus (HBV) infection status, ChildPugh class, total bilirubin, serum AFP level, alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), prothrombin time, albumin and platelet count.
One-to-one matching without replacement was
performed using a 0.1 caliper width. Then we assessed
whether the two groups showed sufficient overlap in
their propensity scores to ensure that propensity score
matching was feasible in our cohort (data not shown).
Balance in the matched cohort was assessed by
calculating standardized differences, with differences of
[14]
< 10% indicating good balance .
OS was compared between all patients and
between propensity score-matched patients in the HR
and TACE groups.

Propensity score matching

Propensity score matching generated 61 pairs of
patients, for which baseline characteristics showed no
significant differences (P > 0.05) and for which the
standardized difference was < 10% for all parameters
(Table 2).

OS

Median follow-up across all patients (without propensity
score matching) was 47.1 mo in the HR group and 33.4
mo in the TACE group. OS was significantly higher in
the HR group at 1 year (87.4% vs 80.6%), 3 years
(52.7% vs 33.4%), and 5 years (38.7% vs 20.8%) (P
= 0.002; Figure 2).
Median follow-up among the propensity scorematched pairs was 49.7 mo in the HR group and 32.6
mo in the TACE group. OS was significantly higher in
the HR group at 1 year (89.1% vs 76.9%), 3 years
(55.4% vs 36.1%), and 5 years (36.4% vs 18.2%) (P

Statistical analysis

Results for continuous variables are expressed as
mean ± sD and compared between the HR and
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All patients referred for HCC
(n = 1218)

Excluded:
(n = 245)
Receiving initial HCC treatment at other centers
With metastasis

Smaller HCC (< 10 cm)
Multiple HCC
(n = 973)

Solitary huge HCC (≥ 10 cm)
(n = 302)
Excluded:
(n = 55)
Child-Pugh class C
Incomplete data
Receiving other treatments

Receiving HR
(n = 180)

Receiving TACE
(n = 67)

Figure 1 Flowchart of patient selection. HCC: Hepatocellular carcinoma; HR: Hepatic resection; TACE: Transarterial chemoembolization.

Table 1 Clinicopathologic features of all study participants with solitary huge hepatocellular carcinoma (≥ 10 cm) receiving hepatic
resection or transarterial chemoembolization n (%)
Variable
Age, yr
M/F
Tumor size, cm
HBsAg (+)
Child-Pugh class
A
B
Cirrhosis
AFP
≥ 400 ng/ml
≤ 400 ng/ml
Total bilirubin, μmol/L
ALT, U/L
AST, U/L
Prothrombin time, s
Albumin, g/L
Platelet count, 109/L
Vascular invasion

HR (n = 180)

TACE (n = 67)

Standardized difference, %

P -value

46.3 ± 11.9
158 (87.8)/22 (12.2)
11.3 ± 2.2
153 (85)

48.1 ± 12.4
64 (95.5)/3 (4.5)
11.9 ± 2.2
65 (97.0)

14.2
37.2
26.7
70.1

0.307
0.073
0.059
0.009

175
5
133 (73.9)

64
3
57 (85.1)

8.2

0.790

31.2

0.064

75 (41.7)
105 (58.3)
13.4 ± 5.9
50.7 ± 52.4
60.6 ± 40.9
12.8 ± 1.4
39.4 ± 4.6
210.0 ± 77.6
26 (14.4)

37 (55.2)
30 (44.8)
16.1 ± 8.4
63.6 ± 44.5
56.0 ± 35.4
13.1 ± 2.3
37.5 ± 6.5
213.4 ± 89.4
6 (9.0)

27.1

0.057

37.6
29.1
13.0
9.7
29.0
3.8
19.1

0.004
0.074
0.418
0.355
0.012
0.771
0.253

Values with ‘‘±’’ are written as mean ± SD or number (%) of patients. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AFP: Alphafetoprotein; HR: Hepatic resection; TACE: Transarterial chemoembolization.

= 0.039; Figure 3).

5 years (Figure 4).

Tumor recurrence

Safety

Among the 61 propensity score-matched patients in
the HR group, recurrence occurred in 20 (32.8%),
12 of whom suffered intrahepatic recurrence, 2
extrahepatic recurrence and 6 concurrent intra- and
extrahepatic recurrence. Nine of the 20 patients
received additional treatment, including re-resection
(n = 4), TACE (n = 3) and ablation (n = 2). DFS for
propensity score-matched patients who received HR
was 61.2% at 1 year, 27.1% at 3 years and 21.3% at

WJG|www.wjgnet.com

Across all patients in the study, two patients in the HR
group and one patient in the TACE group died within
30 d of treatment (P = 1.000). Mortality at 90 d was
also similar in both groups (3.3% vs 3.0%; P = 1.000),
as was the incidence of postoperative complications.
The most common complication was hydrothorax in
the HR group (3.9) and liver failure in the TACE group.
Across the 61 pairs of propensity score-matched
patients, the HR and TACE groups again showed

9633

August 28, 2015|Volume 21|Issue 32|

Zhu SL et al . HR vs TACE for solitary huge HCC
Table 2 Clinicopathologic features of propensity score-matched study participants with solitary huge hepatocellular carcinoma (≥
10 cm) receiving hepatic resection or transarterial chemoembolization n (%)
Variables
Age (yr)
Gender (M/F), n (%)
Tumor size (cm)
HBsAg (+)
Child-Pugh class
A
B
Cirrhosis
AFP (ng/ml)
≥ 400
≤ 400
Total bilirubin (μmol/L)
ALT (U/L)
AST (U/L)
Prothrombin time (s)
Albumin (g/L)
Platelet count (109/L)
Vascular invasion

HR (n = 61)

TACE (n = 61)

46.3 ± 11.9
58 (95.1)/3 (4.9)
11.9 ± 3.0
60 (98.4)

48.1 ± 12.4
58 (95.1)/3 (4.9)
11.8 ± 2.3
60 (98.4)

58
3
52 (85.2)

58
3
51 (83.6)

31 (50.8)
30 (49.2)
13.6 ± 6.8
59.0 ± 56.5
57.6 ± 30.3
12.7 ± 1.4
37.7 ± 4.6
218.1 ± 86.9
5 (8.2)

32 (52.5)
29 (47.5)
15.1 ± 8.1
60.2 ± 42.6
57.4 ± 36.3
13.0 ± 2.3
37.7 ± 6.6
213.0 ± 88.6
6 (9.8)

P -value

Standardized difference, %
4.3
0
2.3
0

0.808
1.000
0.915
1.000

0

1.000

4.4

0.803

3.3

0.856

8.9
3.0
0.4
9.7
0.5
3.8
5.5

0.261
0.888
0.983
0.504
0.972
0.750
0.752

Values with ‘‘±’’ are written as mean ± SD. ALT: alanine aminotransferase; AST: aspartate aminotransferase; AFP: alpha-fetoprotein; HR: Hepatic
resection; TACE: Transarterial chemoembolization.
100

100
HR group (n = 180)

80

TACE group (n = 61)

80

P = 0.002

Overall survival (%)

Overall survival (%)

HR group (n = 61)

TACE group (n = 67)

60

40

20

P = 0.039
60

40

20

0

0
0

12

24

36
48
60
Follow-up period (mo)

72

84

96

0

Figure 2 Comparison of overall survival across all study participants with
solitary huge hepatocellular carcinoma undergoing hepatic resection or
transarterial chemoembolization. HR: Hepatic resection; TACE: Transarterial
chemoembolization.

24

36
48
60
Follow-up period (mo)

72

84

96

Figure 3 Comparison of overall survival across propensity scorematched study participants with solitary huge hepatocellular carcinoma
undergoing hepatic resection or transarterial chemoembolization. HR:
Hepatic resection; TACE: Transarterial chemoembolization.

similar mortality at 30 and 90 d (P = 1.000 for both).
Liver failure was the most common complication in
both groups. Specific complications in the two groups
are summarized in Table 3.

100

Disease-free survival (%)

80

Identification of prognostic factors for OS
Cox proportional hazards regression of data from
the 61 pairs of propensity score-matched patients
identified several predictors of OS (Table 4). Univariate
analysis identified three predictors of increased risk of
poor OS, all of which were confirmed by multivariate
analysis: AFP ≥ 400 ng/ml (HR = 1.997, 95%CI:
1.259 to 3.166, P = 0.003), vascular invasion (HR =
2.347, 95%CI: 1.051 to 5.242, P = 0.037) and TACE
treatment (HR = 2.492, 95%CI: 1.550 to 4.006, P <
0.001).
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Figure 4 Disease-free survival in propensity score-matched patients with
solitary huge hepatocellular carcinoma undergoing hepatic resection.
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Table 3 Treatment outcomes in patients with solitary huge hepatocellular carcinoma receiving hepatic resection or transarterial
chemoembolization, before and after propensity score matching n (%)
Before matching
30-d mortality
90-d mortality
Postoperative complications
Liver failure
Bleeding
Wound infection
Puncture hematoma
Bile fistula
Pulmonary infection
Incision dehiscence
Abdominal infection
Hydrothorax
Intestinal obstruction

After matching

HR (n = 180)

TACE (n = 67)

P -value

2 (1.1)
6 (3.3)
36 (20.0)
5 (2.8)
4 (2.2)
5 (2.8)
0 (0)
2 (1.1)
6 (3.3)
2 (1.1)
3 (1.7)
7 (3.9)
2 (1.1)

1 (1.5)
2 (3.0)
11 (16.4)
5 (7.5)
0 (0)
0 (0)
3 (4.5)
0 (0)
3 (4.5)
0 (0)
0 (0)
0 (0)
0 (0)

1.000
1.000
0.524
0.194
0.507
0.384
0.019
1.000
0.964
1.000
0.565
0.228
1.000

HR (n = 61)
1 (1.6)
3 (4.9)
14 (23.0)
4 (6.6)
1 (1.6)
2 (3.3)
0 (0)
0 (0)
2 (3.3)
0 (0)
1 (1.6)
4 (6.6)
0 (0)

TACE (n = 61)
1 (1.6)
2 (3.3)
10 (16.4)
4 (6.6)
0 (0)
0 (0)
3 (4.9)
0 (0)
3 (4.9)
0 (0)
0 (0)
0 (0)
0 (0)

P -value
1.000
1.000
0.362
1.000
1.000
0.476
0.242
1.000
1.000
1.000
1.000
0.127
1.000

HR: Hepatic resection; TACE: Transarterial chemoembolization.

Table 4 Prognostic factors predicting overall survival in propensity score-matched patients with solitary huge hepatocellular
carcinoma undergoing hepatic resection or transarterial chemoembolization
Variable

Univariate analysis

Age (yr)
Gender (M/F)
Tumor size (cm)
HBsAg (+/-)
Child-Pugh class (A/B)
Cirrhosis (present/absent)
AFP (≥ 400/< 400 ng/mL)
Total bilirubin (μmol/L)
ALT (U/L)
AST (U/L)
Prothrombin time (s)
Albumin (g/L)
Platelet count (109/L)
Vascular invasion (present/absent)
Treatment modality (TACE/hepatic resection)

Multivariate analysis

HR

95%CI

P -value

0.988
1.459
1.054
1.391
0.919
1.207
1.721
1.025
1.004
1.003
1.052
1.010
0.998
2.335
2.343

0.970-1.007
0.357-5.962
0.973-1.141
0.340-5.685
0.289-2.921
0.621-1.611
1.097-2.347
0.994-1.057
1.000-1.009
0.997-1.008
0.922-1.201
0.969-1.053
0.995-1.001
1.057-5.159
1.468-3.741

0.220
0.599
0.197
0.646
0.887
0.579
0.018
0.116
0.052
0.322
0.453
0.653
0.190
0.036
< 0.001

P -value

HR

95%CI

1.997

1.259-3.166

0.003

2.347
2.492

1.051-5.242
1.550-4.006

0.037
< 0.001

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AFP: Alpha-fetoprotein; HR: Hazard ratio; TACE: Transarterial chemoembolization.

matching. In the end, our key finding of longer OS
with HR was obtained both across all patients and
across propensity score-matched pairs.
The large tumors in solitary huge HCC are surgically
challenging because of the increased bleeding, higher
risk of liver failure and other complications, and
higher postoperative mortality. Nevertheless, surgical
techniques have improved substantially in recent
years. Mortality in our propensity score-matched
patients, regardless of treatment, was 1.6% at 30 d
and approximately 3% at 90 d; this is at the low end
of the range of 0%-6.9% reported for postoperative
[15]
30-d mortality for huge HCC . In addition, both
treatments in the propensity score-matched patients
showed a 16%-23% rate of complications. These
favorable outcomes may reflect the skill and expe
rience of surgeons at our medical center, which
annually performs more than 400 HRs on patients with
HCC, as well as rigorous patient selection procedures.

DISCUSSION
The present study provides some of the few data
available on efficacy and safety of TACE in patients
with solitary huge HCC, and we believe it to be the
most rigorous direct comparison of HR and TACE in
such patients. Our results suggest that HR is safe
and effective in these patients and is associated with
significantly higher long-term OS than TACE.
One previous study comparing HR and various
nonsurgical therapies (hepatic arterial infusion,
transcatheter arterial embolization, and percutaneous
acetic acid injection) to treat patients with solitary huge
HCC found that HR provided longer 5-year OS (24.5%
[4]
vs 8.2%, P < 0.001) . Consistently, another study
reported 5-year OS in such patients to be 7% when
[5]
not treated by HR . The present study significantly
extends that previous work because it minimizes the
effects of confounding factors using propensity score
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of interventions.

As a result, liver failure, a well-established complication
of HR, occurred with the same frequency (6.6%) in
propensity score-matched patients treated by either
procedure.
Various prognostic factors for patients with huge
[5-8,15-17]
HCC have been reported
, but those studies
aggregated data for patients with solitary or multi
nodular huge HCC. The present study focused on
propensity score-matched patients with solitary huge
HCC and identified three independent predictors of
poor OS: AFP ≥ 400 ng/ml, vascular invasion and
TACE treatment. Several European and Japanese
reports have stressed the importance of preoperative
AFP levels in prognosis, integrating them in prognostic
[18,19]
scoring systems
. Vascular invasion has already
been shown to be a risk factor for poor prognosis in
[3,7]
HCC . Even though our data implicate TACE as a
predictor of poor prognosis, several studies, including
from our own research group, have suggested that
adjuvant TACE after HR can improve survival and
[20-22]
reduce risk of recurrence
. Therefore, the present
findings and previous work suggest that combining
HR with adjuvant TACE may prove the most effective
for treating solitary huge HCC. Future studies should
examine this possibility.
Despite its insights, the present study has several
important limitations. First, it was a single-center
study performed in the Asia-Pacific region, where >
80% of HCC patients have chronic hepatitis B virus
infection; this incidence is significantly higher than
that in Western countries. Therefore our results may
not be representative of all patients with solitary huge
HCC. Second, the cohort in our study was enrolled
between 2008 and 2010, when the chemotherapeutic
agent 5-fluorouracil was routinely used. Current
chemotherapeutics may be more effective and less
toxic, suggesting that our results may overestimate
the clinical advantage of HR over TACE. Third, our
study involved relatively few patients and examined
them using a non-randomized, retrospective design.
In conclusion, the present work suggests that HR
may offer significantly better long-term OS than TACE
to patients with solitary huge HCC, with no increase in
mortality or morbidity. Large prospective studies are
needed to verify and extend these findings.

Innovations and breakthroughs

This study provides the first direct evidence that, after controlling for
confounders, HR provides better long-term overall survival than TACE for
solitary huge HCC.

Applications

This study may help guide clinicians in choosing the optimal treatment for their
patients with solitary huge HCC. It also lays the groundwork for future research,
particularly large, prospective studies comparing HR and TACE in patients
inside and outside the Asia-Pacific region, where chronic hepatitis B infection
often co-occurs with HCC.

Terminology

HR and TACE are the generally accepted treatment options for huge HCC (≥
10 cm). Solitary huge HCC (≥ 10 cm) was reported a specific subtype of huge
HCC which has clinicopathological characteristics and prognosis similar to that
of small HCC after HR. No direct comparative study of the treatment outcomes
of HR and TACE in solitary huge HCC patients has been performed to date.

Peer-review

This article includes important data. The authors collected a consecutive series
of 247 huge HCCs. Among them 67 HCCs received TACE and the other 180
HCCs received HR. Sixty-one pairs of matched patients were selected from
each treatment arm by conducting propensity score matching. They found that
survival rate was better in the HR group than in the TACE group.
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solitary huge HCC, and it provides the most rigorous data so far on the safety
and efficacy of TACE in such patients. In addition, the authors use propensity
score matching to reduce the potential bias in our non-randomized comparison
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Abstract
AIM: To summarize our single-center experience with
liver transplantation (LT) for biliary atresia (BA).

Institutional review board statement: The study was reviewed
and approved by the Science and Research Office of Ren Ji
Hospital (Shanghai).

METHODS: From October 2006 to December 2012,
188 children with BA were analyzed retrospectively. The
stage Ⅰ group (from October 2006 to December 2010)
comprised the first 74 patients, and the stage Ⅱ group
(from January 2011 to December 2012) comprised the
remaining 114 patients. Finally, 123 liver transplants
were performed in 122 (64.9%) patients, whereas
66 patients did not undergo LT due to denial by their
parents or lack of suitable liver grafts. The selection
of graft types depended on the patients’ clinical status
and whether a suitable living donor was available. The
characteristics of patients in stages Ⅰ and Ⅱ were
described, and the surgical outcomes of LT recipients
were compared between the two stages. The KaplanMeier method was used to estimate the cumulative
patient and graft survival rates, and the equality of
survival distributions was evaluated using the log-rank
test.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: There are no conflicts of
interest to report.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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and 86 girls. Their ages ranged from 3 to 144 mo
with a median of 8 mo. One hundred and fifteen
(61.2%) patients were born in rural areas. Comparing
stage Ⅰ and stage Ⅱ patients, the proportion of
patients referred by pediatricians (43.2% vs 71.1%,
respectively; P < 0.001) and the proportion of patients
who previously received a Kasai procedure (KP) (32.4%
vs 44.7%, respectively; P = 0.092) obviously increased,
and significantly more parents were willing to treat
their children with LT (73% vs 86%, respectively; P
= 0.027). Grafts from living donors (102/122, 83.6%)
were the most commonly used graft type. Surgical
complications (16/25, 64.0%) were the main reason for
posttransplant mortality. Among the living donor liver
transplantation recipients (n = 102), the incidence of
surgical complications was significantly reduced (34.1%
vs 15.5%, respectively; P = 0.029) and survival rates
of patients and grafts were greatly improved (81.8%
vs 89.7%, respectively, at 1 year; 75.0% vs 87.8%,
respectively, at 3 years; P = 0.107) from stage Ⅰ to
stage Ⅱ.

50% of the liver transplants performed in pediatric
patients. BA occurs in approximately 1:5000 to
[1-6]
1:19000 live births . In mainland China, large-scale
epidemiological data are still not available; however, a
huge population of children with BA can be presumed
based on the 20 million newborns per year. Although
[7]
the study by Alexopoulos et al suggested that
patients who underwent salvage liver transplantation
(LT) following a Kasai procedure (KP) might have a
lower survival rate than those who directly proceeded
to a transplant, the sequential surgical treatment
with a KP followed by LT is currently accepted to be
[8,9]
a conventional treatment strategy for most cases .
However, in mainland China, various social, cultu
ral and financial factors are responsible for a low
diagnostic rate or a delayed KP for children with BA.
Thus, many pediatric BA patients without a prior KP
or with a failed KP are potential LT candidates in our
country.
In recent years, pediatric LT has been progress
ing immensely in mainland China. However, to our
knowledge, there are very few English language
literature sources from mainland China concerning
the diagnosis and surgical treatment of BA. It is
essential to introduce these real things happening
to this population and to help other peers under
stand these backgrounds and trends in China. Ren Ji
Hospital (Shanghai) has been a pioneer for pediatric
LT in mainland China since the first liver transplant
for infantile patients was performed in October 2006
with the assistance of Professor Chao-Long Chen
from Chang Gung Memorial Hospital (Taiwan). Here,
we will retrospectively analyze our single-center data
of children with BA between 2006 and 2012 and
introduce the overall profile of surgical treatments for
BA in mainland China.

CONCLUSION: The status of surgical treatments for
BA has been changing in mainland China. Favorable
midterm outcomes after LT were achieved as centers
gained greater technical experience.
Key words: Biliary atresia; Liver transplantation; Kasai;
Living donor; Pediatric; Survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Biliary atresia (BA) accounts for at least 50%
of the liver transplants performed in pediatric patients.
However, in mainland China, various social, cultural and
financial factors are responsible for a low diagnostic
rate or a delayed Kasai procedure for children with BA.
Pediatric liver transplantation has been progressing
immensely in mainland China. In this study, we
analyzed our single-center data of children with BA
between 2006 and 2012, representing the largest
series of BA patients in mainland China ever reported.
Based on these data, socioeconomic backgrounds that
impact the current status of surgical treatments for BA
in mainland China were introduced.

MATERIALS AND METHODS
Study population and data collection

All pediatric transplant candidates at the Department
of Liver Surgery, Ren Ji Hospital (Shanghai) have
been enrolled in our prospective database under the
supervision of a full-time coordinator. The data of those
who underwent LT were synchronized with the China
Liver Transplant Registry (CLTR) online (http://www.
cltr.org/), and those who did not receive a transplant
were kept in our database. The clinical characteristics
and surgical data of the patients were retrospectively
reviewed from the database. From October 2006 to
December 2012, 220 children with BA visited our
clinic. Thirty-two cases were considered ineligible due
to transfers to other centers or incomplete data. The
remaining 188 cases were included in the analysis
of this study, most of whom were confirmed with BA
through liver biopsy or intraoperative cholangiography.
Stage Ⅰ (from October 2006 to December 2010)
comprised the first 74 patients, while stage Ⅱ

Li QG, Wan p, Zhang JJ, Chen QM, Chen XS, Han LZ, Xia
Q. Liver transplantation for biliary atresia: A single-center
study from mainland China. World J Gastroenterol 2015;
21(32): 9638-9647 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i32/9638.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9638

INTRODUCTION
Biliary atresia (BA) is the most common cause of
chronic cholestasis in infants, accounting for at least
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(from January 2011 to December 2012) comprised
the remaining 114 patients. The following patient
information was described according to the different
transplant stages: demographic characteristics,
geographical location, place of birth (urban or rural),
hospital class for the initial diagnosis, previous surgical
history, et al. Finally, 123 liver transplants were
performed in 122 (64.9%) patients, and the patient
characteristics and follow-up results were analyzed.
Moreover, the annual caseloads were calculated to
describe the time trends of transplants from 2006 to
2012.

therapy after LT consisted of a dual drug regimen
of tacrolimus (0.15 mg/kg per day)/cyclosporine (8
mg/kg per day) combined with methylprednisolone (4
mg/kg per day). The target trough level for tacrolimus
was 8-12 ng/ml during the first 30 d. The target
C0 and C2 levels for cyclosporine were 150-200 ng/
ml and 800-1200 ng/ml, respectively. The dose of
methylprednisolone was gradually tapered by 4 mg
per day and maintained with prednisone 2.5 mg daily
taken orally. Prednisone was withdrawn within 3-6 mo
after LT. Additional mycophenolate mofetil was used
when necessary.

Preoperative assessment and LT criteria

Posttransplant follow-up

Patients received a series of laboratory and imaging
tests for the assessment of the clinical status, and
pediatric end-stage liver disease (PELD) scores and
Child-Pugh scores were calculated to measure the
illness severity. Selection of graft types depended on
the patients’ clinical status and whether a suitable
living donor was available. The suitable age for a
living donor ranged from 18 to 55 years. The quality,
volume and anatomy of the donor liver were carefully
evaluated through computed tomography (CT) angio
graphy, and the liver-to-spleen ratio of CT values was
used to evaluate the fatty degeneration degree of the
liver. If both the donor and recipient were considered
to be in suitable conditions for living donor liver
transplantation (LDLT), an ethical review would be
arranged.

After discharge of the initial hospital stay, the patients
were regularly followed in the clinic weekly during
th
th
the first 3 mo after LT, biweekly from the 4 to the 6
th
th
mo, monthly from the 7 to the 12 mo, and every
3 mo thereafter. The following tests were performed
at each follow-up visit: measurements of the height
and body weight, serum liver and renal function tests,
serological viral tests (cytomegalovirus and EpsteinBarr virus) and measurements of serum levels of
tacrolimus/cyclosporine. Abdominal sonography was
performed every 3 mo during the first 2 years and
annually thereafter. Serum tests for hepatitis B virus
were performed for patients who received a hepatitis
[11]
B core antibody (anti-HBc)-positive graft . Because
children came from various parts of the country,
some children had these tests performed at the local
hospitals; however, the reports were regularly sent to
us by facsimile or electronic mail, and any medication
adjustments were made after a consultation with
physicians at our department. The duration of survival
was calculated from the time of LT until death or the
last follow-up contact, and the cut-off date of follow-up
was April 30, 2014. The follow-up period ranged from
0.1 to 90.3 mo, with a median of 28.6 mo.

Operative techniques and immunosuppression

All of the surgical procedures were performed by
specialists with experience in the pediatric LT technique
at the Department of Liver Surgery, Ren Ji Hospital.
For LDLT, intraoperative real-time cholangiography
was indispensable and the cut-ultrasound aspiration
was used in the donor operation, and then the graft
was implanted into the recipient’s abdominal cavity
using the piggyback technique. The ex situ splitting
technique was used for split liver transplantation
(SLT), and classic orthotopic LT was performed for
whole liver recipients. All patients underwent Rouxen-Y hepaticojejunostomy for bile duct reconstruction.
Intraoperative color Doppler ultrasonography was
performed to measure the blood flow velocity
and pattern after the vascular anastomosis and
abdominal wall closure. The severity of postoperative
complications of the living donors was evaluated
[10]
using the modified Clavien-Dindo classification .
Organ donation or transplantation in the study
was strictly implemented under the regulation of
the Shanghai Organ Transplant Committee and
Declaration of Helsinki. All of the living organs were
donated with informed consent. Deceased donors
involved in the study were obtained from braindead or non-heartbeating donors. The postoperative
immunosuppression regimen was described pre
[11]
viously . Briefly, the initial immunosuppressive
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Statistical analysis

Statistical analyses were performed using SPSS 18.0
for Windows (SPSS Inc. Chicago, IL, United States).
Categorical data are expressed as numbers with
percentages, and continuous data are expressed as
medians with a range. The survival rates of patients
and grafts were plotted using Kaplan-Meier curves,
and the differences in selected factors were evaluated
using the log-rank test. P-values less than 0.05 were
considered to indicate statistical significance.

RESULTS
Overall characteristics of patients

The 188 BA patients comprised 102 boys and 86
girls, with a median age of 8 mo (range: 3 to 144
mo) at the initial consultation at our hospital. Patients
were distributed throughout the mainland, and most
of them (45.2%) came from provinces close to
Shanghai (East China) (Figure 1). One hundred and
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East China 85 (45.2%)
Middle China 31 (16.5%)
South China 27 (14.4%)
North China 26 (13.8%)
West China 19 (10.1%)

Figure 1 geographical distribution of children with biliary atresia (n = 188).
80

Split

70

Without transplantation
Whole liver

60
Patient number

(48/138) of them were transferred to class Ⅲ hospitals
to receive KP; on the other hand, 50 (26.6%) patients
were initially treated at a class Ⅲ hospital, with 54.0%
(27/50) of them directly proceeding to a KP. Thus, a
total of 75 (39.9%) patients in this study had a history
of a prior KP, and patients who initially visited a class
Ⅲ hospital showed a significantly higher proportion
undergoing KP than those initially seen at a class Ⅰ or
Ⅱ hospital (P = 0.017). Comparing patients from rural
areas with those from urban areas, urban patients
were more inclined to directly go to a class Ⅲ hospital
for medical support (13.9% vs 46.6%, respectively; P
< 0.001), and KP was more frequently performed in
urban children than in rural children (43.8% vs 37.4%,
respectively; P = 0.379). Additionally, rural parents
were more likely to refuse LT treatment than urban
parents (62.8% vs 39.1%, respectively; P = 0.066).
The changes and trends of the patient characteristics
between stages Ⅰ and Ⅱ are summarized in Table 1.
In stage Ⅱ, the proportion of BA patients referred
by pediatricians was significantly higher than that in
stage Ⅰ (71.1% vs 43.2%, respectively; P < 0.001).
Parents who refused LT treatment for their children
decreased significantly from stage Ⅰ to stage Ⅱ
(27.0% vs 14.0%, respectively; P = 0.027), and
the lack of organ sources became the predominant
cause for pretransplant deaths of patients in stage Ⅱ.
Furthermore, patients who had a prior history of KP
showed a slightly higher proportion in stage Ⅱ than in
stage Ⅰ (44.7% vs 32.4%, respectively; P = 0.092).
Figure 3 shows the flowchart providing outcomes of
the 188 BA patients.

Living-donor

50
40
30
20
10
0

2006

2007

2008

2009
Year

2010

2011

2012

Figure 2 caseload of children with biliary atresia from 2006 to 2012 (n =
188).

fifteen (61.2%) patients were born in rural areas, and
73 (38.8%) patients came from urban areas. The
caseload of LT for BA showed a trend of an annual
increase. During the last two years, the rapid growth
of case numbers and the increase in donation types
were obvious (Figure 2). The first SLT and whole liver
transplantation (WLT) for BA patients were performed
in December 2010 and January 2012, respectively.
In this cohort, grafts from living donors were the only
graft type used before 2010, and LDLT accounted for
93.2% (12 cases), 67.6% (25 cases), and 82.5% (33
cases) of liver transplants for BA in 2010, 2011, and
2012, respectively.

Previous treatment and changes between stages Ⅰ and

Characteristics of LT recipients and living donors

Ⅱ

One hundred and thirty-eight (73.4%) patients were
initially seen at a class Ⅰ or Ⅱ hospital, and 34.8%
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A total of 122 patients finally underwent LT, including
102 (83.6%) LDLT recipients, 19 (15.6%) SLT
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Table 1 Characteristics of children with biliary atresia in
stages Ⅰ and Ⅱ (n = 188) n (%)

Table 2 Baseline characteristics of liver transplantation
recipients with biliary atresia (n = 122)

Stage Ⅰ
Stage Ⅱ P -value
(n = 74) (n = 114)

Variable
Gender
Boys
Girls
Age
≤ 12 mo
> 12 mo
Place of birth
Rural
Urban
Hospital class for initial treatments
Ⅰ or Ⅱ
Ⅲ

Previous surgical intervention
None
Laparotomy
KP
Referral for transplantation
Referred
Non-referred
Reason for no transplantation
Refusal by the parents
Lack of a suitable graft

Variable

0.146
45 (60.8)
29 (39.2)

57 (50.0)
57 (50.0)

53 (71.6)
21 (28.4)

89 (78.1)
25 (21.9)

44 (59.5)
30 (40.5)

71 (62.3)
43 (37.7)

Gender
Boys
Girls
Age (mo)
Body weight (kg)
Height (cm)
PELD score
Surgical history
KP
Laparotomy
ABO blood group
A
B
AB
O
Graft type
Whole liver
LLS
Left lobe without MHV
Left lobe with MHV
Extended right lobe
GRWR (%)

0.315

0.698

0.072
49 (66.2)
25 (33.8)

89 (78.1)
25 (21.9)

28 (37.9)
22 (29.7)
24 (32.4)

39 (34.2)
24 (21.1)
51 (44.7)

32 (43.2)
42 (56.8)

81 (71.1)
33 (28.9)

20 (27.0)
9 (12.2)

16 (14.0)
21 (18.4)

0.612
0.176
0.092
< 0.001

0.027
0.252

KP: Kasai procedure.

Laparotomy
(n = 46)

KP
(n = 75)

SLT
(n = 19)
Died
(n = 19)

WLT
(n = 1)
Died
(n = 6)

Alive with a new
liver (n = 97)

1
0
7.8
10.0
70
21

42 (41.2)
29 (28.4)

6 (31.6)
6 (31.6)

0
0

34 (33.3)
27 (26.5)
11 (10.8)
30 (29.4)

4 (21.1)
4 (21.1)
5 (26.3)
6 (31.5)

0
0
1
0

0
99
2
1
0
2.7 (1.5-5.4)

0
17
1
0
1
2.7 (1.1-4.2)

1
0
0
0
0
4.0

Postoperative complications after LT

Figure 3 Flowchart providing outcomes of children with biliary
atresia. BA: Biliary atresia; KP: Kasai procedure; LDLT: Living donor liver
transplantation; LT: Liver transplantation; SLT: Split liver transplantation; WLT:
Whole liver transplantation.

The management and outcomes of the posttransplant
complications are listed in Table 4. By the last followup contact, 12 (26.7%) stage Ⅰ recipients and 13
(16.9%) stage Ⅱ recipients died of postoperative
complications, and 1 stage Ⅰ patient underwent
retransplantation 61 mo after the primary LT due to a
severe biliary complication. Among them, 16 (16/25,
64.0%) deaths were caused by surgical complications.
Therefore, surgical complications were the main
reason for posttransplant mortality, but the incidence
of surgical complications was greatly reduced with

recipients and 1 (0.8%) WLT recipient. The median
age when the transplant occurred was 9.4 mo (range:
4.5 to 118.4 mo). Seventy-four (60.7%) recipients did
not undergo KP before LT, and their median age at the
consultation at our hospital was 8.2 mo (range: 4.1 to
31.0 mo). For the 48 recipients with a prior KP (39.3%),
the median age at KP was 73.5 d (range: 27 to 845 d),
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57 (55.9)
7 (36.8)
45 (44.1)
12 (63.2)
9.3 (4.5-70.1) 10.5 (5.6-118.4)
8.0 (5-19)
8.0 (6-28)
67 (56-108)
67 (62-115)
17 (-9-36)
16 (-7-36)

Whole liver
(n = 1)

and only 13 (10.7%) patients underwent KP within 60
d of age. The median ages at LT for patients with a KP
before 60 d (n = 13), patients with a KP after 60 d (n
= 35) and patients without a prior KP (n = 74) were
20.4 mo (range: 6.3 to 118.4 mo), 14.2 mo (range:
5.7 to 82.0 mo), and 8.5 mo (range: 4.5 to 31.1 mo),
respectively (P < 0.001).
The baseline characteristics of the recipients and
grafts are shown in Table 2. In the SLT group, 17
infants shared 17 whole livers with adult recipients,
and a 920-g whole liver was shared by a 6-yearold girl and a 2-year-old boy. The characteristics and
outcomes of the 102 living donors are summarized in
Table 3. No deaths or major complications occurred in
the living donors after surgery, but 4 (3.9%) donors
experienced minor complications, including wound
infections and pulmonary infections.

LT
(n = 122)

LDLT
(n = 102)

Split
(n = 19)

The values are expressed as numbers (%) or medians (range). GRWR:
Graft-to-recipient body weight ratio; KP: Kasai procedure; LLS: Left lateral
segment; MHV: Middle hepatic vein; PELD: Pediatric end-stage liver
disease.

BA
(n = 188)

No intervention
(n = 67)

Living-donor
(n = 102)
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socioeconomic development between coastal areas
in the east and inland areas in the west. Presently,
more than half of the Chinese population live in rural
[12]
areas . On the other hand, pediatric congenital
diseases occur much more commonly in rural popu
lations because neonatal screening for congenital
[13-15]
diseases is not conducted in most rural areas
.
Medical services provided by the hospitals in different
areas are unequal, and well-equipped healthcare
facilities are usually not available in rural areas.
Moreover, the Chinese household registration system
(known as “huji”) officially identifies a person as a
resident of a certain area, and residents from different
areas are enrolled in different medical insurance
coverage, which depends on the financial condition
of the local area. For most rural families, the parents
are financially responsible for their children’s medical
expenses. When facing a high medical expense,
very few of these parents can afford the treatment
cost in the hospital. As a result, a large proportion of
children with BA could not get timely diagnoses and
surgical interventions when necessary medical care is
required. In mainland China, at least 1500 new cases
of BA occur every year as calculated by the recognized
incidence of BA. However, the recognition rate of BA is
less than 50%, and most children with BA in mainland
China die without any surgical interventions. These
factors have led to a low rate of BA diagnoses, a low
rate of the KP performance and a low rate of post-KP
jaundice clearance.
Currently, Kasai’s portoenterostomy has gained
worldwide acceptance as the initial surgical therapy
[16]
for BA infants . However, it was reported that only
17% of BA patients who were treated with KP could
achieve long-term transplant-free survival, and even
[17]
these patients require assiduous lifelong care .
Therefore, KP is considered a transitional treatment
for BA before LT because the transplant operation
is not well-tolerated for most infants aged less than
6 mo. Data from the Netherlands Study Group of
Biliary Atresia and Registry (NeSBAR) indicated that
KP should be performed before 60 d of age to obtain
[18]
an acceptable transplant-free survival , and a late
referral for KP was associated with poor outcomes.
However, in mainland China, specialized children’s
hospitals that are qualified to perform KP are available
in only several well-developed cities such as Beijing,
Shanghai, Guangzhou, Hangzhou, and Chongqing.
Delayed referral for a KP produced a phenomenon
that BA patients in mainland China had their
transplantations fairly early. Our data showed that only
10.7% of children with BA were treated with KP before
60 d of age and that 60.7% of children had their liver
functions irreversibly deteriorated and lost the chance
to receive a KP before LT.
In developed countries and regions, the pre
transplant conditions of BA patients are completely
different, and more than 80% of LT recipients had a
prior KP before LT. Nonetheless, the patient age at

Table 3 Characteristics of living donors (n = 102)
Variable
Age (yr)
Gender
Male
Female
BMI (kg/m2)
D/R ABO compatibility
Identical
Compatible
D/R relationship
Parent
Grandparent
Uncle/Aunt
Graft weight (g)
Postoperative hospital stay (d)
Postoperative complications
Wound infection (grade Ⅰ)
Pulmonary infection (grade Ⅱ)

30 (20-56)
43 (42.2)
59 (57.8)
21.4 (16.9-27.5)
78 (76.5)
24 (23.5)
94 (92.1)
6 (5.9)
2 (2.0)
247.5 (145-420)
7 (4-19)
2
2

The values are expressed as numbers (%) or medians (range). BMI: Body
mass index; D/R: Donor/recipient.

greater technical experience. In this cohort, 15 (33.3%)
stage Ⅰ patients and 14 (18.2%) stage Ⅱ patients
experienced one or more surgical complications (P
= 0.058). Furthermore, the incidence of surgical
complications was significantly decreased from 34.1%
(15/44) in stage Ⅰ to 15.5% (9/58) in stage Ⅱ within
the LDLT group (n = 102; P = 0.029). Regarding
non-surgical complications, stage Ⅱ recipients also
had greatly improved outcomes compared with
stage Ⅰ recipients.

Posttransplant survival

The 1-, 3-, and 5-year patient and graft survival rates
of the 122 LT recipients were 83.6%, 80.0%, and
76.9%, respectively. Although the difference between
the survival rates after LDLT and SLT did not reach
statistical significance (P = 0.133), LDLT conferred
a 14.4% survival benefit in the 3-year survival rate
compared with SLT (82.1% vs 67.7%); thus, the LDLT
recipients were expected to achieve a more favorable
prognosis than those who underwent SLT (Figure 4A).
The survival rates of patients who proceeded directly
to LT (n = 74) were comparable to those with a prior
KP (n = 48) (Figure 4B; 82.4% vs 85.4% at 1 year,
respectively; 80.8% vs 71.2% at 5 years, respectively;
P = 0.701). Because most cases of SLT (18 of 19)
were in stage Ⅱ, the survival benefit from stage Ⅱ
was impaired (Figure 4C; P = 0.358). However, the
patient and graft survival rates after LDLT were greatly
improved from stage Ⅰ to stage Ⅱ because our center
gained greater experience with LDLT (Figure 4D;
81.8% vs 89.7% at 1 year, respectively; 75.0% vs
87.8% at 3 years, respectively; P = 0.107).

DISCUSSION
China is a vast country consisting of 28 provinces and
4 municipalities. There are large discrepancies in the
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Table 4 Postoperative complications after liver transplantation
Complications

Patient number

1

2

Managements

Outcomes

Stage Ⅰ (n = 45) Stage Ⅱ (n = 77)
Surgical complications
HAT
PVT
Biliary leakage
Biliary stricture
Biliary sludge
Wound dehiscence
Digestive tract perforation
Intra-abdominal bleeding
Wound infection
Small-for-size syndrome
Large-for-size syndrome
Non-surgical complications
Pulmonary infection
CMV infection
EBV infection
De novo HBV infection
Drug-induced liver injury
Tuberculous pleurisy
Acute rejection

4
5
3
2
1
3
2
0
1
0
0

2
5
2
1
0
1
2
1
0
1
1

DSA (3 pts); thrombectomy and reconstruction (6 pts)
Reoperation (5 pts); metal stent placement (1 pt)
Drainage or reoperation
PTCD (1 pt)
Retransplantation
Debridement and re-closure
Reoperation
Reoperation
Regular wound dressing
-

3 pts died
7 pts died
3 pts died
2 pts died
Alive
2 pts died
4 pts died
Alive
1 pt died
1 pt died
1 pt died

14
17
3
7
0
1
15

16
13
10
6
1
0
13

11 pts died
7 pts died
1 pt died
2 pts died
1 pt died
Alive
5 pts died

PTLD
Hirsutism
Intravascular hemolysis

0
7
1

1
0
1

Antibiotics (30 pts); mechanical ventilation (5 pts)
Antivirus therapy
Antivirus therapy
Antivirus therapy
Withdrawal of the drug
Anti-tuberculosis
Increased the dosage of the immunosuppressant; bolus doses of
steroids
Replacement of cyclosporine with tacrolimus
Steroid therapy; withdrawal of blood transfusion

1 pt died
1 pt died
1 pt died

1

Multiple complications might occur in a single patient; 2Patients who experienced the complication but died from other reasons before the last follow-up
contact were also included. CMV: Cytomegalovirus; DSA: Digital subtraction angiography; EBV: Epstein-Barr virus; HAT: Hepatic artery thrombosis; HBV:
Hepatitis B virus; pt: Patient; PTCD: Percutaneous transhepatic cholangial drainage; PTLD: Posttransplant lymphoproliferative disease; pts: Patients; PVT:
Portal venous thrombosis.

KP is considered the key determinant for the post[9,19-21]
KP patient survival with their native liver
. In
Taiwan, a universal stool color screening system was
established for the neonatal population since 2004,
which has greatly reduced the proportion of late
[22-24]
referrals for infants with BA
. The success rate of
KP could be improved by enhancing the early referral,
and better postoperative outcomes of children with
BA could be obtained by the timely performance of
[25]
KP . In the United Kingdom, surgical outcomes have
been improved by the centralization of care to supra[26]
regional centers . Moreover, a French study reported
that the caseload experience of KP influenced the
patient prognosis with centers managing more than 20
[27]
cases per year associated with better outcomes .
In mainland China, the development of pediatric
LT has lagged behind that of adult LT during the past
[28]
two decades . Pediatric transplants are performed at
large transplant centers which mainly engage in adult
transplantation, and most children’s hospitals are not
authorized to perform LT. There is little communication
between pediatricians and transplant surgeons.
Additionally, most families prefer to bear another
child rather than choose transplantation when they
are confronted with the high cost and the “one child
policy”. However, recent changes in these situations
are encouraging and gratifying with increasingly more
attention from society being paid to this group of
patients. Pediatric LT in our country has undergone

WJG|www.wjgnet.com

immense progress in recent years. Our hospital is
currently the largest transplant center for pediatric LT
in mainland China. We work in close collaboration with
Shanghai Children’s Medical Center to enable children
to maximize the benefit gained from surgery. In this
study, the annual caseload was hugely increased, the
postoperative outcomes were greatly improved in
stage Ⅱ patients, particularly for LDLT recipients, and
the 3-year patient and graft survival rates after LDLT
reached 87.8%, which was comparable to those of
[29,30]
developed countries
. This progress was mainly
attributed to the following factors: (1) our results in
stage Ⅰ enhanced the understanding of transplantation
by parents and pediatricians and promoted their
willingness for referral or acceptance; (2) some
charitable organizations voluntarily provided financial
support during stage Ⅱ; (3) grafts from deceased
donors have been used since December 2010 to expand
the donor pool for recipients without a suitable living
donor; and (4) improvements in surgical techniques
and posttransplant management with feedback on
the long-term outcomes significantly decreased the
incidence of posttransplant complications.
Although the shortage of deceased donors is a
universal problem, the situation is particularly serious
in Asia for various social, cultural, and historical
reasons. Thus, the living donor was the only graft type
available for most recipients in this study, and grafts
from cadaveric organ donations were mostly used
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Living-donor (n = 102)

80
Cumulative survival (%)

B

Whole liver (n = 1)

100

Split (n = 19)
60

40
Survival (%)
Living-donor
Split
Whole liver

20

1-year
86.3
67.7
100

3-year
82.1
67.7
NA

5-year
78.9
NA
NA

0

Without a prior KP (n = 74)
With a prior KP (n = 48)

60

40
Survival (%)
No KP
KP
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12

24

36
48
60
72
Months after transplant

84

96

0

D

100
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3-year
80.8
79.1

5-year
80.8
71.2

80
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Cumulative survival (%)

60

40
Survival (%)
Stage Ⅰ
Stage Ⅱ

1-year
82.2
84.4

36
48
60
72
Months after transplant

84

96

Stage Ⅱ (LDLT, n = 58)
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24
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Stage Ⅱ (n = 77)
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1-year
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85.4

0
0

C

100

80
Cumulative survival (%)

A

3-year
75.6
82.9

5-year
72.6
NA

0

Stage Ⅰ (LDLT, n = 44)
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40
Survival (%)
Stage Ⅰ
Stage Ⅱ
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1-year
81.8
89.7

3-year
75.0
87.8

5-year
72.1
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0
0
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48
60
72
Months after transplant

84

96

0

12

24

36
48
60
72
Months after transplant

84

96

Figure 4 patient and graft survival after liver transplantation for biliary atresia (n = 122). A: Comparison between patients using different donor types (P =
0.286); B: Comparison between patients with or without a prior Kasai procedure (KP) (P = 0.701); C: Comparison between patients in stages I and II (P = 0.358); D:
Comparison between the two stages within the living donor liver transplantation (LDLT) group (P = 0.107). NA: not available.

by patients without a suitable living donor. However,
the LDLT recipients would have priority in acquiring
financial support. It was shown in our previous work
that the LDLT benefit was magnified with respect
to hospital mortality, postoperative hospitalization
rates, and midterm survival as centers gained greater
[31]
surgical experience . Thus, the postoperative
outcomes in stage Ⅰ were relatively unfavorable due
to the effect of the learning curve. Specifically, the
retransplantation rate is extremely low in mainland
China, which is also influenced by the aforementioned
socioeconomic factors, and only 1 patient underwent
retransplantation in this study. This report provides
a general description of surgical treatments for BA in
mainland China based on our single-center experience.
Conceivably, some effective steps ought to be taken
in the future: (1) a nationwide BA screening system
should be established; (2) medical insurance should
cover all children from different areas; (3) timely
referrals must be executed between junior and
senior hospitals; and (4) close communication and
cooperation should be promoted between pediatricians
and transplant surgeons.

WJG|www.wjgnet.com

In conclusion, many children with BA in mainland
China could not receive a timely KP due to various
socioeconomic factors, but the situation has been
changing. LT for BA could yield favorable outcomes
through the accumulation of experience. Grafts from
living donors are currently the most commonly used
graft type for children with BA, and the 3-year patient
and graft survival rates of 87.8% could be achieved by
LDLT recipients. However, efforts should be directed to
enhance the disease screening and insurance coverage
for children with BA.
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years. However, there are very few English language literature sources from
mainland China concerning the diagnosis and surgical treatment of BA. The
research hotspot is to introduce these real things happening to this population
and to help other peers understand these backgrounds and trends in China.
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In recent years, the status of surgical treatments for BA has been changing
immensely in mainland China. The present study represents the largest series
of BA patients in mainland China ever reported, showing that proportions of
patients referred by pediatricians and those of patients who previously received
a Kasai procedure were increasing obviously and that an increasing number
of parents were willing to treat their children with LT in recent years. On the
other hand, the current data also suggested that the incidence of surgical
complications could be significantly reduced and the survival rates of patients
and grafts could greatly improve as the transplant center gained greater
technical experience.
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Applications
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The data in this study suggested that LT for BA could yield favorable outcomes
through the accumulation of technical experience. Furthermore, this study
also provided readers with important information regarding the socioeconomic
obstacles to BA treatment and the substantial progress of pediatric LT in
mainland China.
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BA is a birth defect in newborn infants that is characterized by extrahepatic
ductopenia and progressive cholestasis. The only effective treatments for
BA are the Kasai procedure and LT. The Kasai procedure, also known as
hepatoportoenterostomy, is a surgical technique performed in children with
BA to allow bile drainage by attaching part of the small intestine to the porta
hepatis.
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authors in this study analyzed the characteristics and outcomes of children with
BA based on a large single-center series. This study showed that favorable
midterm outcomes after LT could be achieved as the transplant center gained
greater technical experience. The results were interesting and provided
important information concerning the background and trends of surgical
treatments for BA in mainland China.
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Abstract
AIM: To evaluate the utility of liver reserve function
by acoustic radiation force impulse (ARFI) imaging in
patients with liver tumors.

Clinical trial registration statement: This study is not registered
at Clinical trial because all data are gained from an ultrasound
system.

METHODS: Seventy-six patients with liver tumors were
enrolled in this study. Serum biochemical indexes, such
as aminotransferase (ALT), aspartate aminotransferase
(AST), serum albumin (ALB), total bilirubin (T-Bil), and
other indicators were observed. Liver stiffness (LS)
was measured by ARFI imaging, measurements were
repeated 10 times, and the average value of the results
was taken as the final LS value. Indocyanine green (ICG)
retention was performed, and ICG-K and ICG-R15
were recorded. Child-Pugh (CP) scores were carried
out based on patient’s preoperative biochemical tests
and physical condition. Correlations among CP scores,

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: We declare that there are no
conflicts of interest to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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ICG-R15, ICG-K and LS values were observed and
analyzed using either the Pearson correlation coefficient
or the Spearman rank correlation coefficient. KruskalWallis test was used to compare LS values of CP scores,
and the receiver-operator characteristic (ROC) curve
was used to analyze liver reserve function assessment
accuracy.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the major
malignant tumors in China, and it has the third highest
mortality after gastric carcinoma and lung cancer.
[1,2]
Most HCC patients have liver fibrosis and cirrhosis .
Hepatectomy is the preferred treatment for early HCC.
However, the presence of cirrhosis, results in different
degrees of liver injury and low liver reserve function.
Poor prognosis, such as postoperative liver failure,
[3,4]
usually occurs . Therefore, a good liver reserve
function is a key factor for a successful surgery,
and preoperative liver reserve function assessment
[5]
is very important . The indocyanine green (ICG)
[6]
excretive test and Child-Pugh (CP) scores are the
main methods used to assess liver reserve function in
clinical practice. However, both methods have different
limitations and accuracies. In recent years, because
of the development of ultrasound elastography
in liver fibrosis and cirrhosis in the clinic, acoustic
radiation force impulse (ARFI) imaging has become
an innovative ultrasound technique that has received
[7-12]
[13,14]
increasing attention
. Studies have reported
that ARFI imaging could be used for the qualitative
detection of liver tumors, and that it could also be
used to determine the degree of liver fibrosis by
detecting liver stiffness (LS). Hence, it is hoped that
this technique could evaluate liver reserve function
accurately. Furthermore, ARFI imaging technology is
[15,16]
non-invasive, simple and repeatable
. However,
there have been few reports on liver reserve function
assessment using ARFI imaging. Therefore, this study
aimed to explore the clinical value of ARFI imaging by
determining its value in assessing liver reserve function
in patients with liver tumors, and providing theoretical
guidance for clinical treatment.

RESULTS: LS in the ICG-R15 10%-20% group was
significantly higher than in the ICG-R15 < 10% group;
and the difference was statistically significant (2.19 ±
0.27 vs 1.59 ± 0.32, P < 0.01). LS in the ICG-R15 >
20% group was significantly higher than in the ICG-R15
< 10% group; and the difference was statistically
significant (2.92 ± 0.29 vs 1.59 ± 0.32, P < 0.01). The
LS value in patients with CP class A was lower than in
patients with CP class B (1.57 ± 0.34 vs 1.86 ± 0.27, P
< 0.05), while the LS value in patients with CP class B
was lower than in patients with CP class C (1.86 ± 0.27
vs 2.47 ± 0.33, P < 0.01). LS was positively correlated
with ICG-R15 (r = 0.617, P < 0.01) and CP score (r
= 0.772, P < 0.01). Meanwhile, LS was negatively
correlated with ICG-K (r = -0.673, P < 0.01). AST, ALT
and T-Bil were positively correlated with LS, while ALB
was negatively correlated with LS (P < 0.05). The ROC
curve revealed that the when the LS value was 2.34 m/s,
the Youden index was at its highest point, sensitivity
was 69.2% and specificity was 92.1%.
CONCLUSION: For patients with liver tumors, ARFI
imaging is a useful tool for assessing liver reserve
function.
Key words: Acoustic radiation force impulse; Liver reserve
function; Liver tumor; Receiver-operator characteristic
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Seventy-six patients with liver tumors were
assessed by acoustic radiation force impulse (ARFI)
imaging. We found that liver stiffness (LS) was posi
tively correlated with Indocyanine green (ICG)-R15
and the Child-Pugh score, but was negatively
correlated with ICG-K. Aspartate aminotransferase,
aminotransferase and total bilirubin were positively
correlated with LS, while albumin was negatively
correlated with LS. The receiver-operator characteristic
curve revealed that when LS value was 2.34 m/s, the
Youden index was at its highest point. For patients with
liver tumors, ARFI imaging is a useful tool to assess
liver reserve function.

General information

Seventy-six patients with liver tumors combined with
liver fibrosis or cirrhosis, who were admitted from
October 2012 to May 2014, were enrolled into this
study. All patients planned to receive hepatectomy.
Among them, 42 patients were male and 34 patients
were female. The patient age range was 33-75 years
old, and the average age was 56.71 ± 9.32. Inclusion
criteria: single tumor with a tumor diameter < 7 cm.
There was neither intrahepatic metastasis, nor portal
vein thrombosis or ascites by imaging examination.
All patients were informed of the study and agreed to
participate.

Sun XL, Liang LW, Cao H, Men Q, Hou KZ, Chen Z, Zhao YE.
Liver reserve function assessment by acoustic radiation force
impulse imaging. World J Gastroenterol 2015; 21(32): 9648-9655
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i32/9648.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i32.9648
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Test methods

Instruments and reagents: Instruments: (1) Siemens
[17,18]
ACUSON S2000™ ultrasound system
; and (2) DDG3300K liver reserve function analyzer (Nihon Kohden,
[19-22]
Tokyo, Japan)
. Reagent: Indocyanine green (ICG)
reagent (Shenyang Jishi Pharmaceutical Co., Ltd.).
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Detection methods: (1) Conventional serum-based
liver function tests were performed including alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), serum albumin (ALB), total bilirubin (T-Bil) and
other indicators. All data were recorded; and (2) ARFI
imaging detection.
Patients underwent fasting and were kept in a left
lateral position while raising the right hand. Liver right
lobe tissues were detected. Patients were instructed to
hold their breath. The elasticity imaging sample frame
was perpendicular to the liver surface and was located
2-5 cm below the surface, avoiding nearby blood
vessels. The update button was pressed to launch a
high-strength low-frequency pulse. Transversal shear
wave velocity (Vs, m/s) was received and recorded.
Measurements were repeated 10 times, and the
average value of the Vs results was used as the LS
value.

used to compare LS values of CP scores. LS values of
non-surgical patients were expressed by sensitivity,
specificity and the Youden index. A ROC curve was
used to analyze liver reserve function assessment
accuracy. P < 0.05 means that difference was
statistically significant.

RESULTS
Biochemical examination results

Seventy-six patients with liver tumors were suc
cessfully enrolled and assessed in this study. Serum
biochemical indexes such as ALT, AST, γ-glutamyl
transferase (γ-GT), ALB, T-Bil and prothrombin time
(PT) are shown in Table 2.

LS and ICG test results

The LS values of all subjects were successfully
obtained. Patients with different liver reserve functions
revealed different Vs values. Representative examples
are shown in Figures 1 and 2. The patient in Figure 1
had a normal liver reserve function. The Vs value was
1.07 m/s, ICG-R15 was 5.13%, and ICG-K was 0.24
L/min. The patient in Figure 2 had poor liver reserve
function. The Vs value was 1.75 m/s, ICG-R15 was
16.83%, and ICG-K was 0.08 L/min.
Data from all subjects revealed that the average
value of ICG-R15 was 8.13% ± 3.72% and the ICG-K
average value was 0.24 ± 0.29 L/min. ICG-R15 values
were divided into three groups: ICG-R15 < 10%,
ICG-R15 10%-20% and ICG-R15 > 20% groups. The
average LS value of the three groups is shown in Table
3. LS significantly differed among patients in the three
groups (H = 25.89, P = 0.000). Kruskal-Wallis H test
was further carried out. LS was significantly higher in
the ICG-R15 10%-20% group than in the ICG-R15
< 10% group, and the difference was statistically
significant (P < 0.01). LS was significantly higher
in the ICG-R15 > 20% group than in the ICG-R15
< 10% group, and the difference was statistically
significant (P < 0.01). LS was higher in the ICG-R15
>20% group than in the ICG-R15 10%-20% group,
but the difference was not statistically significant (P >
0.05).

ICG examination: Patients were kept in a supine
position. The environment was kept quiet and other
factors (such as cell phones, contrast, etc.) were
excluded. (1) Body weight (kg) was measured and
the amount of ICG (0.5 mg/kg) was calculated; (2)
an indwelling needle was injected and placed through
the median cubital vein on one side to collect 2 mL of
blood and determine the hemoglobin (Hb) content; (3)
preparation of ICG solution, sterile water for injection/
ICG = 5 ml: 25 mg; (4) data such as Hb, weight and
ICG dosage were analyzed by a DDG-3300K analyzer;
(5) a sensitive probe was fixed to the patient’s nose,
and the entire ICG solution was injected to the median
cubital vein via the indwelling needle in 10 s; (6) data
were saved, and ICG-k and ICG-R15 were calculated;
and (7) Patients were kept in a quiet environment with
normal respiration at all times.
CP score: CP scores were carried out based on
patient’s preoperative biochemical tests and physical
condition. CP scoring criteria are shown in Table 1.

Research index

Biochemical index such as ALT, AST, ALB and T-Bil were
observed. The correlations among CP scores, ICG-R15,
ICG-K and LS values were observed and analyzed. A
receiver-operator characteristic (ROC) curve was used
to analyze LS indicators and assess the best diagnostic
threshold of hepatic functional reserve.

CP score results

Results of different average LS, ICG-R15 and ICG-K
values according to different CP scores are shown
in Table 4. The average LS values were significantly
different among patients with CP class A, B and C;
and the difference was statistically significant (H =
33.84, P = 0.0000). Pairwise comparison results of LS
among patients with CP class A, B and C showed that
the LS value in patients with CP class A was lower than
in patients with CP Class B; and the difference was
statistically significant (P < 0.05). The LS value was
lower in patients with CP class A than in patients with
CP Class C, while the LS value was lower in patients

Statistical analysis

All data were analyzed using SPSS 19.0 software.
Data were expressed as the mean ± SD. To test
the relationship between two variables, the Pearson
correlation coefficient was used to analyze two
variables if the data showed a normal distribution;
while the Spearman rank correlation coefficient was
used to analyze two variables if the data showed
a non-normal distribution. Kruskal-Wallis test was
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Table 1 Child-Pugh scoring criteria
Indexes

Score

Hepatic encephalopathy (class)
Ascites
T-Bil (μmol/L)
ALB (g/L)
Prolonged prothrombin time (s)

1 score

2 score

3 score

Without
Without
< 34
> 35
<4

Mild
Little/controllable by diuretics
34-51
28-35
4-6

Occasional lethargy
A lot
> 51
< 28
>6

Child-Pugh class A: 5-6 score; Child-Pugh class B: 7-9 score; Child-Pugh class C: ≥ 10 score. T-Bil: Total bilirubin; ALB: Albumin.

Table 2 Biochemical examination results of patients
Indexes

mean ± SD

Media, n

Minimum value

Maximum value

ALT (U/L)
AST (U/L)
ALB (g/L)
T-Bil (μmol/L)

58.77 ± 51.13
64.21 ± 60.33
38.19 ± 10.14
26.28 ± 20.61

57.81
60.03
37.31
22.33

13.74
15.62
10.01
4.72

127.28
153.10
67.43
126.74

ALT: Aminotransferase; AST: Aspartate aminotransferase; ALB: Serum albumin; T-Bil: Total bilirubin.

Figure 1 Patient with normal liver reserve function. The Vs value was 1.07
m/s, ICG-R15 was 5.13% and ICG-K was 0.24 L/min. ICG: Indocyanine green.

Figure 2 Patient with poor liver reserve function. The Vs value was 1.75 m/s,
ICG-R15 was 16.83% and ICG-K was 0.08 L/min. ICG: Indocyanine green.

with CP class B than in patients with CP class C; and
the differences were statistically significant (P < 0.01).

hepatectomy. The average LS of non-surgical patients
was 2.61 ± 0.44 m/s, while the average LS of surgical
patients was 1.57 ± 0.35 m/s. The average LS of the
surgical patients was lower compared with non-surgical
patients, and the difference was statistically significant
(P < 0.01). The ROC curve is shown in Figure 4. When
the LS value was 2.34 m/s, the Youden index was at
its highest point, sensitivity was 69.2% and specificity
was 92.1%.

Correlation analysis of LS and serum biochemical tests,
ICG test and CP scores

LS was positively correlated with ICG-R15 (r = 0.862,
P < 0.01; Figure 3a) and CP scores (r = 0.772, P <
0.05). Meanwhile, LS was negatively correlated with
ICG-K (r = -0.708, P < 0.05; Figure 3B). AST, ALT
and T-Bil were positively correlated with LS, while ALB
was negatively correlated with LS (P < 0.05) (Table 5,
Figure 3).

DISCUSSION
Liver reserve function assessment is receiving
increasingly attention from hepatobiliary surgeons.
Preoperative evaluation of liver reserve function is
very important for selecting a reasonable surgical
method and a reasonable liver resection range,
leading to a successful surgery and preventing
[23]
postoperative hepatic failure . CP scores are the
main methods used to assess liver reserve function

Distribution of disease in patients with liver lesions,
and LS comparison between surgical and non-surgical
patients

After liver reserve function assessment, 13 patients
with poor liver reserve function received radiofrequency
ablation (RFA) or interventional embolization, while 63
patients with normal liver reserve function received

WJG|www.wjgnet.com
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Table 3 Average values of liver stiffness, indocyanine green-R15 and indocyanine green-K in each group, based on indocyanine
green-R15 grouping
Groups

Number of cases

LS average value (m/s)

ICG-R15 (%)

ICG-K (L/min)

57
16
3

1.59 ± 0.32
2.19 ± 0.27a
2.53 ± 0.29 a

8.99 ± 2.15
13.54 ± 2.12
17.32 ± 0.73

0.19 ± 0.04
0.16 ± 0.05
0.11 ± 0.07

< 10%
10%-20%
> 20%
a

P < 0.05, vs the < 10% group. LS: Liver stiffness; ICG: Indocyanine green.

Table 4 Different average liver stiffness, indocyanine green-R15 and indocyanine green-K values according to different Child-Pugh
scores
CP class
Class A (5-6)
Class B (7-9)
Class C (10-15)

Cases

LS average value (m/s)

ICG-R15 (%)

ICG-K (l/min)

48
15
13

1.57 ± 0.34
1.86 ± 0.27a
2.47 ± 0.33a,c

8.90 ± 3.67
11.38 ± 2.71
14.44 ± 3.58

0.23 ± 0.04
0.19 ± 0.05
0.14 ± 0.07

a

P < 0.05, vs class A; cP < 0.05, vs the class B. CP: Child-Pugh; LS: Liver stiffness; ICG: Indocyanine green.

A

B

2

R = 0.744

20.00

2

R = 0.501

0.30

15.00

ICG-K (l/min)

ICG-R15 (%)

17.50

12.50
10.00

0.20

0.10

7.50
1.00

1.50

2.00
2.50
LS value (m/s)

3.00

0.00

3.50

1.00

1.50

2.00
2.50
LS value (m/s)

3.00

3.50

Figure 3 Correlations between liver stiffness and indocyanine green-R15 (a) or indocyanine-K (b) levels are shown. LS: liver stiffness.
[24,25]

in clinical practice
, and ICG excretion tests have
become an important reference for surgical decision
[26]
making . The ICG test has been widely used to
determine liver reserve function, which is an important
indicator to assess surgical safety. However, ICG tests
needs to be excreted through the biliary tract, which
is not suitable for patients with obstructive jaundice.
Hence, its application is restricted. The ARFI imaging
technology applied in this study is not restricted. ARFI
imaging is non-invasive, simple and repeatable, and
has more extensive applications. Therefore, this study
evaluated the clinical value of ARFI imaging to assess
liver reserve function in patients with liver tumors,
providing theoretical guidance for clinical treatment.

that ARFI imaging could also be used to determine
the degree of liver fibrosis by detecting LS, and to
correctly evaluate liver reserve function. In this study,
there was a strong positive correlation between LS and
ICG-R15, and a negative correlation between LS and
ICG-K. ICG-R15 values were divided into three groups:
ICG-R15 < 10%, ICG-R15 10%-20% and ICG-R15 >
20% groups. LS significantly differed among patients
in the three groups. LS was significantly higher in
the ICG-R15 10%-20% group compared with the
ICG-R15 < 10% and ICG-R15 > 20% groups. LS was
significantly higher in the ICG-R15 > 20% group than
in the ICG-R15 < 10% group. LS was higher in the
ICG-R15 > 20% group than in the ICG-R15 10%-20%
group, but there was no statistical significance. This
implied that the LS value increases as ICG-R15 levels
increase, resulting in reduced hepatic clearance and
aggravated liver damage. This also demonstrated that
ARFI imaging could be used to determine the degree
of liver fibrosis by detecting LS, and to evaluate liver
reserve function.

Correlation analysis between LS and liver reserve
function index

As liver fibrosis develops, LS increases, while liver
[27]
compliance and elasticity decrease . Lupsor et
[28]
al
reported that there was a significant correlation
between LS value and liver fibrosis stage. This proved

WJG|www.wjgnet.com
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1.0

Table 5 Correlations between liver stiffness and liver
function index

0.8

r

P value

0.862
-0.708
0.772
0.318
0.493
-0.511
0.225

0.000
0.000
0.000
0.024
0.001
0.001
0.017

Sensitivity

Index
ICG-R15
ICG-K
CP score
AST
ALT
ALB
T-Bil

0.6

0.4

0.2

0.0

ICG: Indocyanine green; CP: Child-Pugh; ALT: Aminotransferase; AST:
Aspartate aminotransferase; ALB: Serum albumin; T-Bil: Total bilirubin.
0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

functions. Furthermore, an LS value greater than 2.34
m/s suggested poor liver reserve function; therefore,
non-surgical treatment is recommended. Clinicians can
use ARFI imaging technology to measure LS value and
assess liver reserve function to determine if a patient is
suitable for surgery; thereby, providing a more suitable
treatment option for patients.

Figure 4 Receiver-operator characteristic curve used to analyze liver
reserve function assessment accuracy. When the liver stiffness value was
2.34 m/s, the Youden index was at its highest point, sensitivity was 69.2% and
specificity was 92.1%.

Correlation between LS values and CP scores

CP scores can reflect liver cell damage. The higher
the score, the more severe the hepatic dysfunction.
In this study, LS values for CP class A, B and C were
1.57 ± 0.34 m/s, 1.86 ± 0.27 m/s and 2.47 ± 0.33
m/s, respectively. Comparative results of LS values
among the three CP classes revealed that: the LS
value of CP class A was lower than CP class B, and
the LS value of class A and B were significantly lower
than CP class C. These results showed that LS values
increase as CP scores increase. This outcome reflected
severe liver function damage, causing LS values to
increase, while the liver reserve function decreases.
Therefore, this also demonstrated that LS values
could reflect liver reserve function. CP scores could
be used to evaluate liver reserve function based on
routine liver function tests. CP scores are widely used
in clinical practice because they are an easy method of
detection. However, traditional biochemical indicators
simply reflect the degree of liver cell damage and
compensation function status; and the reserve capacity
of the liver could not be accurately predicted when
the body is exposed to trauma, infection, surgery and
[29]
other invasions . Therefore, ARFI imaging technology
can supplement the CP scoring method; providing a
more detailed liver reserve function assessment for
predicting body endurance and permits a better choice
of treatment modes.

Limitations and prospects

Although ARFI imaging is expected to provide fast,
simple and accurate guidance in assessing liver
reserve function in clinical practice, there are also
limitations for the use of ARFI imaging. We found
that ARFI imaging has high requirements from the
patient. It requires patients to keep holding their
breath during the course of the examination, which is
difficult for elderly patients or patients in poor physical
condition. The ARFI sampling frame would show
deviations caused by a patient’s breathing problems,
which would affect the accuracy of the measurement.
To compensate for this limitation, we repeated the
measurement 10 times to reduce errors. In addition,
there were few subjects in this study. Seventy-six
cases are not sufficient to demonstrate that LS > 2.34
m/s is the best demarcation point. Large multicenter
studies are needed to obtain enough data for analysis
and to provide convincing evidence.
In conclusion, ARFI could be used to determine
liver reserve function by detecting LS. ARFI imaging
has advantages, such as speed, simplicity, and noninvasiveness, and has a wide range of applications. It is
important to determine a reasonable surgical method
and liver resection range. ARFI imaging technology
is a useful tool to assess liver reserve function in
patients with liver tumors. It has an important clinical
application and should be promoted.

best diagnostic threshold of liver reserve function as
assessed by LS indicators

Average LS values were lower in surgical patients
compared with non-surgical patients. The ROC curve
revealed that when the LS value was 2.34 m/s, the
Youden index was at its highest point, sensitivity was
69.2% and specificity was 92.1%; which demonstrated
that the higher the LS value, the worse the liver
reserve function and prognosis after surgery. This also
confirmed that LS values could react to liver reserve

WJG|www.wjgnet.com
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Most patients with HCC have liver fibrosis and cirrhosis. Hepatectomy is the
preferred treatment for early HCC. However, most HCC patients also have
chronic liver diseases, such as cirrhosis, resulting in different degrees of liver
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injury and low liver reserve function. Poor prognosis, such as postoperative liver
failure, usually occurs. Therefore, a good liver reserve function is a key factor
for a successful operation, and preoperative liver reserve function assessment
is of great importance.
7

Research frontiers

In recent years, because of the development of ultrasound elastography in liver
fibrosis and cirrhosis in clinic, acoustic radiation force impulse (ARFI) imaging
has become an innovative ultrasound elastography that has received increasing
attention. Studies have reported that ARFI imaging could be used for the
qualitative detection of liver tumors, and could also be used to determine the
degree of liver fibrosis by detecting liver stiffness (LS). Hence, it is hoped that
this technique could evaluate liver reserve function accurately. Furthermore,
ARFI imaging is non-invasive, simple and repeatable.

8

Innovations and breakthroughs

9

ARFI could be used to determine liver reserve function by detecting LS. ARFI
imaging has advantages, such as speed, simplicity, non-invasiveness, and a
wide range of applications. It is important to determine a reasonable surgical
method and liver resection range. ARFI imaging technology is a useful tool to
assess liver reserve function in patients with liver tumors. It has an important
clinical application and should be promoted.

10

Applications

This study demonstrated that ARFI imaging could be used to assess liver
reserve function by detecting LS, and to determine a more successful surgical
option. The results showed that the higher the LS value, the worse the liver
reserve function and prognosis after surgery. This also confirmed that LS values
could react to liver reserve functions. Furthermore, an LS value greater than 2.34
m/s suggested poor liver reserve function; therefore, non-surgical treatment
should be recommended.

11

12

Peer-review

This study demonstrated that ARFI imaging could be used to assess liver
reserve function by detecting LS before surgery. This provides a means of
determining a reasonable surgical method for patients with liver tumors. ARFI
imaging has advantages. It is fast, simple, non-invasive and has a wide range
of applications. Thus, ARFI imaging is a useful and valuable tool for clinical
application and should be promoted.
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SYSTEMATIC REVIEWS

Systematic review of anastomotic complications of
esophagojejunostomy after laparoscopic total gastrectomy
Mikito Inokuchi, Sho Otsuki, Yoshitaka Fujimori, Yuya Sato, Masatoshi Nakagawa, Kazuyuki Kojima
esophagojejunostomy (EJS) after laparoscopic total
gastrectomy (LTG), we reviewed retrospective studies.

Mikito Inokuchi, Sho Otuski, Yoshitaka Fujimori, Yuya Sato,
Masatoshi Nakagawa, Department of Surgical Oncology, Tokyo
Medical and Dental University, Tokyo 113-8519, Japan

METHODS: A literature search was conducted in
PubMed for studies published from January 1, 1994
through January 31, 2015. The search terms included
“laparoscopic,” “total gastrectomy,” and “gastric cancer.”
First, we selected 16 non-randomized controlled trials
(RCTs) comparing LTG with open total gastrectomy
(OTG) and conducted an updated meta-analysis of
anastomotic complications after total gastrectomy. The
Newcastle-Ottawa scoring system (NOS) was used
to assess the quality of the non-RCTs included in this
study. Next, we reviewed anastomotic complications
in 46 case studies of LTG to compare the various
procedures for EJS.
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RESULTS: The overall incidence of anastomotic
leakage associated with EJS was 3.0% (30 of 984
patients) among LTG procedures and 2.1% (31 of 1500
patients) among OTG procedures in the 16 non-RCTs.
The incidence of anastomotic leakage did not differ
significantly between LTG and OTG (odds OR = 1.42,
2
95%CI: 0.86-2.33, P = 0.17, I = 0%). Anastomotic
stenosis related to EJS was reported in 72 (2.9%) of
2484 patients, and the incidence was 3.2% among
LTG procedures and 2.7% among OTG procedures.
The incidence of anastomotic stenosis related to EJS
was slightly, but not significantly, higher in LTG than
2
in OTG (OR = 1.55, 95%CI: 0.94-2.54, P = 0.08, I =
0%). The various procedures for LTG were classified
into six categories in the review of case studies of
LTG. The incidence of EJS leakage was similar (1.1%
to 3.2%), although the incidence of EJS stenosis was
TM
relatively high when the OrVil device was used (8.8%)
compared with other procedures (1.0% to 3.6%).
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CONCLUSION: The incidence of anastomotic
complications associated with EJS was not different
between LTG and OTG. Anastomotic stenosis was
TM
relatively common when the OrVil device was used.

Abstract
AIM: To investigate the anastomotic complications of
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Anastomosis; Complication

lower risks of wound infection and pneumonia with
[11]
LTG. Chen et al
showed that postoperative medical
complications were significantly less frequent with LTG
than with OTG, but surgical complications were not. In
two meta-analyses published in 2014, LTG was shown
to result in a longer operative time, less blood loss,
lower analgesic use, earlier passage of flatus, quicker
resumption of oral intake, earlier hospital discharge,
[12,13]
and fewer postoperative complications
. Regarding
individual complications, LTG was associated with
[12]
fewer wound-related problems than OTG .
This review focused on anastomotic complications
of EJS after LTG. We conducted a meta-analysis of
postoperative anastomotic complications of EJS, such
as anastomotic leakage and stenosis, by analyzing the
results of non-RCTs that compared LTG with OTG. In
addition, we analyzed case series of EJS in conjunction
with LTG and evaluated the different procedures used
to perform EJS.

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

Core tip: In this updated meta-analysis of nonrandomized controlled trials comparing laparoscopic
total gastrectomy (LTG) and open total gastrectomy,
the incidence of anastomotic leakage was similar,
and that of anastomotic stenosis was slightly, but not
significantly, higher when LTG was performed. The
incidence of anastomotic stenosis was relatively high
for new procedures that utilize a trans-orally inserted
TM
anvil (OrVil ) in reported case series of LTG.
Inokuchi M, Otsuki S, Fujimori Y, Sato Y, Nakagawa M,
Kojima K. Systematic review of anastomotic complications of
esophagojejunostomy after laparoscopic total gastrectomy. World
J Gastroenterol 2015; 21(32): 9656-9665 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i32/9656.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i32.9656

MATERIALS AND METHODS
Literature overview

First, to conduct this meta-analysis comparing
anastomotic complications of EJS between LTG and
OTG, a literature search was performed in PubMed
for studies published from January 1, 1994 through
January 31, 2015. The search terms included
“laparoscopic,” “total gastrectomy,” and “gastric
cancer.” Reports in languages other than English,
reviews, and meta-analyses were excluded. Twenty
non-RCTs, but no RCTs, were found. To minimize bias
in this meta-analysis of anastomotic complications,
we excluded studies that included hand-assisted or
robotic approaches, other diseases, and mismatched
reconstruction procedures. Four studies were excluded
from this meta-analysis for the following reasons.
[14]
The text of a study by Du et al
was not available
[15]
online; a study by Usui et al
included hand-assisted
[16]
procedures; a study by Kwon et al
included robotic
[17]
surgery; and a study by Mochiki et al
included
jejunal pouch interposition reconstruction in OTG. The
16 selected non-RCTs are summarized in Table 1. LTG
and OTG were compared with regard to anastomotic
leakage or stenosis of the EJS.
The Newcastle-Ottawa scoring system (NOS)
[18]
was used to assess the quality of the non-RCTs .
With the NOS, the maximum scores are four points
for selection, two for comparability (reconstruction
method and the extent of lymphadenectomy), and
three for outcome assessment. The studies included in
this meta-analysis were of sufficient quality according
to the NOS (Table 2).
Second, to review case series reporting anastomotic
complications of EJS in LTG, a search of PubMed,
performed as described above, yielded 53 case
series reports (including more than 10 patients) of
LTG that included reconstruction procedures and a
results of postoperative anastomotic complications.

INTRODUCTION
Laparoscopic distal gastrectomy (LDG) is an
established minimally invasive procedure for the
treatment of gastric cancer, particularly early-stage
disease. Several meta-analyses of randomized
controlled trials (RCTs) comparing LDG with
conventional open distal gastrectomy (ODG) have
reported the short-term advantages of LDG, such
as less pain, less operative bleeding, and earlier
[1-5]
recovery . Moreover, LDG was associated with fewer
minor postoperative complications, such as wound
infection and medical complications, compared with
[6,7]
ODG in several meta-analyses, including non-RCTs .
In contrast, no RCTs comparing laparoscopic total
gastrectomy (LTG) with open total gastrectomy (OTG)
have been reported, although one RCT compared
laparoscopy-assisted gastrectomy including both
[8]
distal and total gastrectomy with open gastrectomy .
Esophagojejunostomy (EJS) after LTG is a complicated
procedure requiring extensive experience and a skilled
technique, which is a major reason why LTG is not
as commonly performed as LDG. However, several
meta-analyses of non-RCTs that included patients with
mismatched clinical factors have been reported. First,
[9]
in 2012, Haverkamp et al published a meta-analysis
of 8 non-RCTs, showing that LTG was associated with
a longer operative time, less blood loss, and a shorter
hospital stay than OTG. Postoperative complications
did not differ between LTG and OTG in their meta[10]
analysis. Shen et al
demonstrated that LTG was
associated with a slightly, but not significantly, lower
incidence of postoperative complications than OTG.
Regarding individual complications, there were slightly
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Table 1 Summary of non-randomized controlled trials comparing laparoscopic total gastrectomy and open total gastrectomy
Author
[27]

Kim et al
Topal et al[28]
Kawamura et al[29]
Sakuramoto et al[30]
Kim et al[31]
Arrington et al[32]
Eom et al[33]
Siani et al[34]
Bo et al[35]
Guan et al[36]
Jeong et al[37]
Kim et al[38]
Lee et al[39]
Shim et al[40]
Lee et al[41]
Matsuda et al[42]

1

Year

Nation

n

Extent of LND

Matched factors

2008
2008
2009
2009
2011
2012
2012
2012
2013
2013
2013
2013
2013
2013
2014
2015

South Korea
Belgium
Japan
Japan
South Korea
United States
South Korea
Italy
China
China
South Korea
South Korea
South Korea
South Korea
South Korea
Japan

60
60
81
74
190
50
448
50
234
97
244
346
348
70
84
48

D1 + 8a, 9
D2
D2-No.10
D1 + 8a, 9/D2-No.10
D2-No.10
D0/D1/D2-No.10
D2-No.10
D2-No.10
D2-No.10
D2
D1 + No.8a, 9/D2
D2-No.10
D2
D1 + 8a, 9, 11p/D2
D1 + No.8a, 9, 11p
D1 + No.8a, 9, 11p

1, 2, 3, 5, 6, 7
1, 2, 3, 4, 5, 6, 7
1, 2, 3, 4, 6, 7
1, 2, 3, 4, 6, 7
1, 2, 3, 4, 5, 6, 7
1, 2, 5, 6, 7
4, 6, 7
1, 2, 5, 6, 7
1, 2, 3, 5, 6, 7
2, 5, 6, 7
1, 2, 3, 4, 5, 7
1, 2, 3, 4, 5, 6, 7
1, 2, 4, 6, 7
1, 2, 5, 6, 7
1, 2, 5, 6, 7
2, 3, 4, 5, 6, 7

1

Based on Japanese gastric cancer treatment guidelines. 1, age; 2, sex; 3, body mass index; 4, ASA or comorbidity; 5, tumor stage; 6, extent of LND; 7,
reconstruction method. LND: Lymph node dissection.

Table 2 Quality assessment of non-randomized controlled trials based on the Newcastle-Ottawa scoring system

Author
Kim et al[27]
Topal et al[28]
Kawamura et al[29]
Sakuramoto
et al[30]
Kim et al[31]
Arrington et al[32]
Eom et al[33]
Siani et al[34]
Bo et al[35]
Guan et al[36]
Jeong et al[37]
Kim et al[38]
Lee et al[39]
Shim et al[40]
Lee et al[41]
Matsuda et al[42]

Selection
Is the case
definition
adequate?
*
*
*
*

1

Comparability
Exposure
Representativeness Selection of Definition of cases and controls on the Ascertainment Same method of
of the cases
controls of controls basis of the design or analysis of exposure ascertainment for
cases and controls
*
**
*
*
*
**
*
*
*
**
*
*
*
**
*
*

*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*

**
**
**
**
**
**
*
**
**
**
**
**

*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*

Nonresponse
rate
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

1

Controls selected on the basis of the extent of lymphadenectomy and reconstruction procedure (maximum, 2 stars).

Several studies partly included comparisons, such
as comparisons between LTG and LPG or between
different EJS procedures. However, 4 studies were
excluded because they also included proximal
gastrectomy or other diseases, and 3 studies were
excluded because of a suspicion of overlapping data
from the same institution. The remaining 46 studies
were included in this review (Table 3). We classified
anastomotic procedures into the following 6 categories:
(1) extracorporeal reconstruction by a single stapling
technique using a circular stapler; (2) intracorporeal
reconstruction by a single stapling technique using a
circular stapler; (3) intracorporeal reconstruction by
a double (or hemi-double) stapling technique using
a circular stapler with a trans-abdominally inserted

WJG|www.wjgnet.com

anvil (DST/HDST); (4) intracorporeal reconstruction
by a double (or hemi-double) stapling technique
using a circular stapler with a trans-orally inserted
TM
anvil (OrVil ) (DST/HDST by TOA); (5) intracorporeal
reconstruction by side-to-side anastomosis using a
linear stapler; and (6) intracorporeal reconstruction
by functional end-to-end anastomosis using linear
staplers.

Statistical analysis

Review Manager software, version 5.2 (Cochrane
Collaboration, Oxford, United Kingdom), was used
to perform this meta-analysis. For discontinuous
variables, each postoperative complication was
extracted from the trial report; odds ratios (ORs) were
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Table 3 Summary of case series of esophagojejunostomy in laparoscopic total gastrectomy n (%)
Author

Year

Country

Extracorporeal SST
Hur et al[43]
2008
South Korea
Lee et al[44]
2009
South Korea
Kunisaki et al[45]
2011
Japan
Yoon et al[46]
2012
South Korea
Mou et al[47]
2013
China
Jung et al[48]
2013
South Korea
Li et al[49]
2014
China
Sahoo et al[50]
2014
India
Total
Intracorporeal SST with trans-abdominally inserted anvil
Usui et al[51]
2008
Japan
Kinoshita et al[52]
2010
Japan
Lee et al[53]
2012
South Korea
Shim et al[54]
2013
South Korea
Kim et al[55]
2013
South Korea
Yoshikawa et al[56]
2013
Japan
Du et al[57]
2013
China
Total
Intracorporeal HDST/DST with trans-abdominally inserted anvil
Omori et al[58]
2009
Japan
Nunobe et al[59]
2011
Japan
Shim et al[54]
2013
South Korea
Lafemina et al[60]
2013
United States
Muguruma et al[61]
2014
Japan
Zhao et al[62]
2014
China
Total
Intracorporeal HDST/DST with trans-orally inserted anvil
Jeong et al[63]
2009
South Korea
Kachikwu et al[64]
2011
United States
Kunisaki et al[45]
2011
Japan
Marangoni et al[65]
2012
United Kingdom
Liao et al[66]
2013
China
Shim et al[54]
2013
South Korea
Xie et al[67]
2013
China
Zuiki et al[25]
2013
Japan
Hiyoshi et al[68]
2014
Japan
Total
Intracorporeal STSA
Huscher et al[69]
2007
Italy
Inaba et al[70]
2010
Japan
Bracale et al[71]
2010
Italy
Tsujimoto et al[72]
2012
Japan
Nagai et al[73]
2013
Japan
Petersen et al[74]
2013
Denmark
Shim et al[54]
2013
South Korea
Morimoto et al[75]
2014
Japan
Yamamoto et al[76]
2014
Japan
Total
Intracorporeal FETEA
Ziqiang et al[77]
2008
China
Kim et al[78]
2012
South Korea
Kim et al[79]
2013
South Korea
Ebihara et al[80]
2013
Japan
Hiyoshi et al[68]
2014
Japan
Tsunoda et al[81]
2014
Japan
Total

n

EJS leakage

EJS stenosis

18
67
15
65
12
47
108
47
379

0 (0)
1 (1.5)
1 (6.7)
3 (4.6)
0 (0)
2 (4.3)
1 (0.9)
0 (0)
8 (2.1)

0 (0)
6 (9.0)
0 (0)
3 (4.6)
0 (0)
2 (4.3)
0 (0)
0 (0)
11 (2.9)

15
10
88
12
36
20
52
233

0 (0)
0 (0)
3 (3.4)
2 (17)
0 (0)
0 (0)
0 (0)
5 (2.1)

0 (0)
0 (0)
0 (0)
5 (42)
0 (0)
0 (0)
0 (0)
5 (2.1)

10
41
14
17
32
26
140

0 (0)
2 (4.9)
1 (7.1)
1 (5.9)
0 (0)
0 (0)
4 (2.9)

0 (0)
3 (7.3)
1 (7.1)
1 (5.9)
0 (0)
0 (0)
5 (3.6)

16
16
30
13
27
12
28
52
21
215

0 (0)
0 (0)
1 (3.3)
0 (0)
1 (3.7)
2 (17)
0 (0)
1 (1.9)
2 (9.5)
7 (3.2)

0 (0)
3 (19)
0 (0)
0 (0)
1 (3.7)
4 (33)
0 (0)
11 (21)
0 (0)
19 (8.8)

11
53
67
15
94
30
10
77
52
409

0 (0)
2 (3.8)
4 (6.0)
0 (0)
2 (2.1)
3 (10)
0 (0)
0 (0)
1 (1.9)
12 (2.9)

0 (0)
0 (0)
2 (3.0)
0 (0)
0 (0)
0 (0)
1 (10)
1 (1.3)
0 (0)
4 (1.0)

14
124
139
65
24
97
463

0 (0)
3 (2.4)
1 (0.7)
0 (0)
0 (0)
1 (1.0)
5 (1.1)

0 (0)
6 (4.8)
1 (0.7)
3 (4.6)
0 (0)
0 (0)
10 (2.2)

EJS: Esophagojejunostomy; SST: Single-stapling technique; DST: Double-stapling technique; HDST: Hemi-double stapling technique; STSA: Side-to-side
anastomosis; FETEA: Functional end-to-end anastomosis.

calculated from the total number of patients and the
observed numbers of events of interest in all groups
using a random-effects model. In the tables of our
results, squares indicate point estimates of ORs, with
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95% confidential intervals (CIs) indicated by horizontal
bars. The diamonds represent the summary ORs with
95%CIs from the included studies. P values < 0.05
were considered to indicate statistical significance.
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A

LTG
Study or Subgroup Events Total
Topal
Sakuramoto
Kim SG
Kawamura
Kim MG
Arrington
Siani
Eom
Jeong
Lee MS
Kim HS
Shim
Bo
Guan
Lee SR
Matsuda

2
0
0
0
1
0
1
4
9
5
0
4
1
0
2
1

OTG
Events Total

38
30
27
46
63
26
25
100
122
120
139
35
117
41
34
21

0
3
1
0
3
1
0
5
3
5
3
1
1
0
3
2

22
44
33
35
127
24
25
348
122
228
207
35
117
56
50
27

Weight

M-H, Fixed, 95%CI

Year

2.3%
11.0%
5.2%

3.08 [0.14, 67.16]
0.19 [0.01, 3.90]
0.39 [0.02, 10.07]
Not estimable
0.67 [0.07, 6.54]
0.30 [0.01, 7.61]
3.12 [0.12, 80.39]
2.86 [0.75, 10.85]
3.16 [0.83, 11.97]
1.94 [0.55, 6.84]
0.21 [0.01, 4.09]
4.39 [0.46, 41.40]
1.00 [0.06, 16.18]
Not estimable
0.98 [0.15, 6.19]
0.63 [0.05, 7.40]

2008
2008
2008
2009
2011
2012
2012
2012
2013
2013
2013
2013
2013
2013
2014
2015

7.7%
6.0%
1.8%
8.4%
10.9%
12.9%
11.0%
3.5%
3.9%
8.9%
6.5%

Total (95%CI)
984
1500
100.0%
Total events
30
31
2
Heterogeneity: χ = 9.96, df = 13 (P = 0.70); I ² = 0%
Test for overall effect: Z = 1.37 (P = 0.17)

B

LTG
Study or Subgroup Events Total
Kim SG
Sakuramoto
Topal
Kawamura
Kim MG
Arrington
Eom
Siani
Guan
Kim HS
Bo
Jeong
Lee MS
Shim
Lee SR
Matsuda

0
2
0
0
0
1
9
0
0
2
0
2
3
9
2
1

27
30
38
46
63
26
100
25
41
139
117
122
120
35
34
21

OTG
Events Total
0
1
0
1
0
2
26
0
0
2
0
2
4
3
0
0

33
44
22
35
127
24
348
25
56
207
117
122
228
35
50
27

Total (95%CI)
984
1500
Total events
31
41
2
Heterogeneity: χ = 5.93, df = 9 (P = 0.75); I ² = 0%
Test for overall effect: Z = 1.73 (P = 0.08)

Weight
3.1%
6.9%
8.2%
43.5%

6.5%
8.1%
11.1%
9.2%
1.6%
1.7%
100.0%

M-H, Fixed, 95%CI

1.42 [0.86, 2.33]
0.01

0.1

1
LTG

M-H, Fixed, 95%CI
Not estimable
3.07 [0.27, 35.49]
Not estimable
0.25 [0.01, 6.26]
Not estimable
0.44 [0.04, 5.19]
1.22 [0.55, 2.71]
Not estimable
Not estimable
1.50 [0.21, 10.75]
Not estimable
1.00 [0.14, 7.22]
1.44 [0.32, 6.52]
3.69 [0.91, 15.05]
7.77 [0.36, 167.06]
4.02 [0.16, 103.93]

Year

10

100

OTG

M-H, Fixed, 95%CI

2008
2008
2008
2009
2011
2012
2012
2012
2013
2013
2013
2013
2013
2013
2014
2015

1.55 [0.94, 2.54]
0.01

0.1

1
LTG

10

100

OTG

Figure 1 Outcomes of the meta-analysis comparing anastomotic leakage (A) and anastomotic stenosis (B). LTG: Laparoscopic total gastrectomy; OTG: Open
total gastrectomy.
2

The I statistic was used to quantitatively assess
heterogeneity. Graphical exploration with funnel plots
was used to evaluate publication bias. Publication bias
was assessed on the basis of the funnel plot of the
included studies.

2.1% (31 of 1500 patients) with OTG in the 16
studies. The incidence of anastomotic leakage did not
differ significantly between LTG and OTG (Figure 1A).
Anastomotic stenosis of EJS was reported in 72 (2.9%)
of the 2484 patients, and the incidence was 3.2% with
LTG and 2.7% with OTG. The incidence of anastomotic
stenosis of EJS was slightly, but not significantly, higher
in LTG than in OTG (Figure 1B). Publication bias was
assessed for each complication using the funnel plot of
the included studies. No complications were associated
with publication bias, and a symmetric distribution
was maintained with all of the studies lying within the
95%CI (data not shown).
In the review of the case series, the overall incidence

RESULTS
This meta-analysis included a total of 2484 patients,
984 of whom underwent LTG and 1500 of whom
underwent OTG. Anastomotic leakage of EJS was
reported in 61 (2.5%) of 2484 patients in the 16
studies. The overall incidence of anastomotic leakage
of EJS was 3.0% (30 of 984 patients) with LTG and
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[25]

of anastomotic leakage of EJS in the 46 studies was
2.2% (41 of 1839). The incidences of EJS leakage
according to the anastomotic procedure are also
shown in Table 3. The overall incidence of anastomotic
stenosis of EJS was 2.9% (54 of 1839). The incidences
of anastomotic stenosis according to the anastomotic
procedure are also shown in Table 3. It was relatively
common with the DST/HDST by TOA procedure.

DISCUSSION
In this updated meta-analysis, the incidence of
anastomotic leakage of EJS did not differ significantly
between LTG and OTG. This outcome was consistent
with the findings of previous meta-analyses by Wang
[12,19]
et al
. The incidence of anastomotic leakage of EJS
after TG in our review was not higher than that in other
studies of OTG, which have reported incidences of 1.0%
[20-22]
to 2.1%
. The Japanese National Clinical Database
(NCD) of digestive surgery reported that the incidence
of anastomotic leakage after total gastrectomy was
[23]
4.4% (881 of 20011) in 2011 . Detailed information,
specifically on LTG or OTG, was unavailable. Most of
the leaks must have occurred at the EJS in that study.
Diverse anastomotic procedures have been reported
in studies of LTG. In our review, the incidence of
anastomotic leakage of EJS was similar between the
various procedures.
In our study, the incidence of anastomotic stenosis
of EJS was slightly, but not significantly, higher with
LTG than with OTG. One problem was that EJS stenosis
was not clearly defined in many of the studies included
in our analysis. EJS stenosis was not graded based
on a standardized assessment, such as the ClavienDindo classification. Therefore, it was unclear whether
endoscopic dilation or reoperation was performed
in all of the patients diagnosed with EJS stenosis.
Another problem was that EJS stenosis often occurred
several weeks or months after LTG. Therefore, an
accurate incidence of anastomotic stenosis was not
shown among the short-term outcomes of LTG,
and anastomotic stenosis was not mentioned in the
NCD report. In our review of case-series studies,
the incidence of anastomotic stenosis was higher
TM
among the procedures performed using the OrVil
[24]
device. In a review by Umemura et al
comparing
procedures used to perform EJS after LTG, the use
of circular staplers was significantly associated with
higher incidences of both anastomotic leakage (4.7%)
and stenosis (8.3%) compared with the use of linear
staplers (1.1% and 1.8%, respectively). Even in our
analysis, linear stapler methods apparently reduced
the risk of stenosis. An anastomotic site formed by a
linear stapler could probably secure a wider diameter
[24]
than one formed by a circular stapler . As another
investigator insisted, the high incidence of anastomotic
stenosis after DST/HDST may be explained by the
following causes: excessive tension at the anastomotic
site and focal ischemia at the site where the two staple
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TM

lines overlap . In the study of the Orvil device,
which was associated with the highest incidence of
anastomotic stenosis, the use of a circular stapler
with a smaller size (21 mm) significantly increased
the rate of EJS anastomosis compared with the use of
[25]
a normal-sized stapler (25 mm) . To pass the anvil
TM
head of Orvil easily through the esophageal entrance,
the smaller anvil was probably used in some cases in
that study. In OTG, the use of a circular stapler with a
small diameter (21 mm) was a significant risk factor
[26]
for EJS stenosis . Both the DST/HDST procedure and
the use of a smaller circular stapler could increase the
TM
stenosis in the EJS when the Orvil device is used.
TM
However, several studies on the use of Orvil have
shown favorable results. Anastomotic complications
may be closely associated with learning curves of
[25]
surgeons . Therefore, they will probably decrease in
any procedures as surgeons acquire more experience
and improve their technical skills in performing EJS.
In addition, the value of meta-analyses of nonRCTs remains controversial, as non-RCTs often include
groups of patients who are mismatched with respect to
background characteristics. Our meta-analysis also had
limitations despite the inclusion of studies in which the
patients were matched as closely as possible. To draw
definitive conclusions, prospective studies are needed
to clarify the usefulness of LTG. A prospective phase
Ⅱ study of LTG or laparoscopic proximal gastrectomy
has begun in Japan, with anastomotic leakage as the
primary endpoint. The problems currently associated
with EJS after LTG are an important concern. However,
the postoperative outcomes of EJS are expected to
improve in the future with increased experience and
enhanced surgical skills.
In conclusion, the incidences of anastomotic com
plications of EJS were similar in this meta-analysis
comparing LTG and OTG. In case studies of LTG, the
incidence of anastomotic leakage of EJS was not
different between various anastomotic procedures,
although anastomotic stenosis was relatively common
in the DST/HDST by TOA procedure.

COMMENTS
COMMENTS
Background

Esophagojejunostomy (EJS) after laparoscopic total gastrectomy (LTG)
is a complicated procedure requiring extensive experience and a skilled
technique, which is a major reason why LTG is not as commonly performed
as laparoscopic distal gastrectomy. No randomized controlled trials (RCTs)
comparing LTG with open total gastrectomy (OTG) has been reported yet.
Several meta-analyses of non-RCTs, including patients with mismatched clinical
factors, have been reported.

Research frontiers

Anastomotic complication was a major issue in LTG. Various anastomotic
procedures of EJS have been attempted for EJS in LTG. Anastomotic methods
were roughly categorized into two groups; circular stapler method had been
usually performed in OTG, and linear stapler method developed in LTG.

Innovations and breakthroughs

This meta-analysis of non-RCT of LTG vs OTG was updated, and several non-
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RCTs were excluded due to including hand-assisted or robotic approaches,
other diseases, and mismatched reconstruction procedures. Furthermore, we
reviewed case series of LTG, and categorized various anastomotic methods
of EJS into the following six procedures: (1) extracorporeal reconstruction
by single stapling technique using a circular stapler; (2) intracorporeal
reconstruction by single stapling technique using a circular stapler; (3)
intracorporeal reconstruction by double (or hemi-double) stapling technique
using a circular stapler with a trans-abdominally inserted anvil (DST/HDST);
(4) intracorporeal reconstruction by double (or hemi-double) stapling technique
using a circular stapler with a trans-orally inserted anvil (OrVilTM) (DST/HDST
by TOA); (5) intracorporeal reconstruction by side-to-side anastomosis using
a linear stapler; and (6) intracorporeal reconstruction by functional end-to-end
anastomosis using linear staplers.

7

8

9

Applications

The incidence of anastomotic leakage of EJS was similar between LTG and
OTG, although that of anastomotic stenosis was slightly, but not significantly,
higher with LTG than with OTG. In case series of LTG, the incidence of
anastomotic leakage of EJS was not different in various anastomotic
procedures, although anastomotic stenosis was slightly higher in the procedure
of DST/HDST by TOA.

10

11

Terminology

Single stapling technique of EJS is the following procedure. The purse-string
suture is placed in distal esophageal stump. The anvil head of a circular stapler
is inserted into the esophageal lumen. The circular stapler is inserted into the
distal limb of the jejunum. The circular stapler is combined with the anvil head,
and EJS is performed. In double or hemi-double stapling technique, abdominal
esophagus is cut by a linear stapler, and EJS is performed by a circular stapler.
The anvil head is inserted trans-abdominally before esophageal transection.
However, OrVilTM is a device including a trans-orally inserted anvil. The anvil
head of OrVilTM connected with gastric tube is inserted through pharynx and
esophageal entrance intraoperatively. Side-to-side anastomosis is performed
peristaltically by a linear stapler. Functional end-to-end anastomosis is
performed anti-peristaltically, and the entry hall is closed by a linear stapler.

12
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Abstract
Resectability of hepatocellular carcinoma in patients
with chronic liver disease is dramatically limited by
the need to preserve sufficient remnant liver in order
to avoid postoperative liver insufficiency. Preoperative
treatments aimed at downsizing the tumor and
promoting hypertrophy of the future remnant liver
may improve resectability and reduce operative
morbidity. Here we report the case of a patient with
a large hepatocellular carcinoma arising from chronic
liver disease. Preoperative treatment, including tumor
downsizing with transarterial radioembolization and
induction of future remnant liver hypertrophy with right
portal vein embolization, resulted in a 53% reduction
in tumor volume and compensatory hypertrophy in the
contralateral liver. The patient subsequently underwent
extended right hepatectomy with no postoperative
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signs of liver decompensation. Pathological examination
demonstrated a margin-free resection and major tumor
response. This new therapeutic sequence, combining
efficient tumor targeting and subsequent portal vein
embolization, could improve the feasibility and safety
of major liver resection for hepatocellular carcinoma in
patients with liver injury.

to downsize the tumor and allow safer parenchymasparing resection. In the tumor-free portion of the
liver, preoperative treatments aimed at promoting
compensatory hypertrophy of the anticipated future
remnant liver (FRL) could reduce the risk for posthepatectomy liver failure. To target the tumor, intraarterial therapies are well-established treatments
based on the fact that HCCs mainly rely on arterial
vascularization. Transarterial chemoembolization
(TACE) has been shown to be an efficient palliative
[3]
treatment for unresectable HCC , but, in a pre
operative setting, neoadjuvant TACE failed to de
monstrate a clear oncological long-term benefit as
[4]
compared with surgical resection alone . Transarterial
radioembolization (TARE), consisting of intra-arterial
injection of microspheres labelled with yttrium-90
90
( Y), has recently gained ground in the treatment of
HCC with several reports suggesting the efficacy of
[5]
TARE for induction of tumor necrosis . In combination
with surgery, preoperative TARE has been shown to
[6]
be feasible while no clear clinical benefit has been
demonstrated yet. Portal vein embolization (PVE)
is the standard technique used to promote liver
hypertrophy in patients who are not initially amenable
to surgery due to anticipated insufficient FRL. In
cases involving major liver resection in patients with
cirrhosis, preoperative PVE significantly reduces the
[7]
risk of postoperative liver failure . It has also been
shown that sequential TACE and PVE may improve
the safety of major surgical resection through synergis
tic effects that increase the rate of compensatory
[8]
hypertrophy of the FRL . A similar sequence, but
including TARE instead of TACE, followed by PVE
before surgical resection has not yet been reported but
could potentially represent a new therapeutic option.
We describe herein the case of a patient with a large
HCC who underwent an extended right hepatectomy
after TARE followed by PVE and discuss the potential
advantages of this new approach.

Key words: Hepatocellular carcinoma; Chronic liver
disease; Radioembolisation; Portal vein embolization;
Hepatectomy; Cirrhosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Surgical treatment of hepatocellular carcinoma
in patients with chronic liver disease is challenging
due to the contradictory need to perform a radical
tumor resection while preserving a maximal amount
of tumor-free remnant liver. Preoperative treatment
may be indicated for tumor downsizing and to promote
hypertrophy of the future remnant liver. We report the
case of a cirrhotic patient undergoing extended right
hepatectomy for a large hepatocellular carcinoma after
transarterial radioembolization and right portal vein
embolization. Our results suggest that this approach is
feasible and safe and may represent a new therapeutic
option before major hepatectomy in patients with liver
injury.
Bouazza F, Poncelet A, Garcia CA, Delatte P, Engelhom JL,
Galdon MG, Deleporte A, Hendlisz A, Vanderlinden B, Flamen
P, Donckier V. Radioembolisation and portal vein embolization
before resection of large hepatocellular carcinoma. World J
Gastroenterol 2015; 21(32): 9666-9670 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i32/9666.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i32.9666

INTRODUCTION

CASE REPORT

Surgical resection or local destruction remain the
only potentially curative options in patients with
hepatocellular carcinoma (HCC) and chronic liver
disease (CLD) who are not candidates for liver
transplantation. However, in cases of liver injury,
and particularly of cirrhosis, the need to preserve
sufficient liver parenchyma to minimize the risk of
postoperative hepatic insufficiency dramatically limits
the options for radical liver resection. Accordingly,
resection of HCC in patients with CLD is usually
only recommended in patients with compensated
[1]
cirrhosis and small uninodular tumors . A recent
report indicated that extension of this strict indication
might be feasible in some cases involving large
tumors, leading to satisfactory long-term results in
[2]
selected patients . In this context, the safety and
efficacy of major liver resection for large HCC could
be improved by preoperative treatments designed

WJG|www.wjgnet.com

A 62 year-old man with a past medical history of
mild to severe alcohol consumption presented with a
liver tumor. Contrast-enhanced abdominal computed
tomography (CT) scan demonstrated the presence of
a 167 mm mass in segment Ⅷ of the liver with HCC
characteristics as indicated by arterial wash-in and
portal phase wash-out (Figure 1a). This corresponded
to a LI-RADS 5 lesion and a stage B tumor in the BCLC
classification. Additionally, the presence of cirrhosis
was suggested on the basis of the irregular aspect
of the liver surface and the relative hypertrophy of
segment Ⅰ. Blood tests, including liver function and
alpha-fetoprotein, were normal. Complete work-up did
not demonstrate extra-hepatic tumor dissemination.
Due to tumor size and location, a right hepatectomy
extended to the middle hepatic vein was indicated.
Analysis of liver volumes on CT scan showed a total
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A

B

C

Figure 1 Tumor evolution throughout the therapeutic sequence. a: Contrast-enhanced computed tomography (CT) scan at presentation showing, in portal
phase, a 167 mm tumor in segment Ⅷ with features of hepatocellular carcinoma; B: Yttrium-90 (90Y) positron emission tomography (PET)-CT performed 12 hours
after transarterial radioembolization (TARE). Images are displayed in orthogonal views, centered on the liver tumor. Upper row: CT scan without contrast. Middle row:
90
Y emission PET images showing high and selective accumulation of 90Y microspheres in the tumor site. Lower row: fused 90Y PET-CT images; C: Contrast-enhanced
CT scan 17 wk after TARE and 6 wk after portal vein embolization showing, in portal phase, a 50% tumor volume reduction and hypertrophy of the future remnant left
liver.
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liver volume (TLV) of 3100 mL, a tumor volume of
1548 mL, and an FRL (segments Ⅰ , Ⅱ , Ⅲ , Ⅳ ) of
470 mL, corresponding to an FRL/TLV ratio of 15%,
an FRL/TLV tumor volume of 30%, and an FRL/body
weight ratio of 0.48. Therefore, a 2-step preoperative
strategy was proposed, consisting of tumor-targeted
TARE followed by right PVE. After simulation of TARE
99
with technetium-99 ( Tc) macroaggregated albumin
showed no extra-hepatic deposition and excellent
90
tumor targeting, Y hyperselective radioembolization
of the segment Ⅷ artery to the tumor was performed
90
allowing the delivery of 97 mCi of Y microspheres
(Figure 1b). No side effects related to this procedure
were observed. A right PVE was performed 11 wk after
TARE treatment, without complications. Preoperative
CT scan at 6 wk after PVE, showed a tumor volume
of 717 mL, a TLV of 2770 mL, and an FRL of 752 mL,
corresponding to an FRL/TLV ratio of 27%, FRL/TLV
tumor volume of 37%, and FRL/body weight ratio of
0.77 (Figure 1c). Accordingly, considering the fact that
such compensatory hypertrophy indicated a preserved
regenerative capacity of the future remnant liver, an
extended right hepatectomy was judged to be feasible.
Right hepatectomy, extended to the middle hepatic
vein and partially to segment Ⅳ, was performed 6
wk after PVE. During surgery, no adhesions between
tumor and diaphragm were found. No portal triad
clamping or perioperative transfusions were required
and intraoperative blood loss was 600 mL. The patient’
s postoperative course was unremarkable, clinically
and biologically. No signs of liver decompensation were
observed (minimal values of prothrombin time, peak
international normalized ratio, and total bilirubin were
64%, 1.2, and 1.2 mg/dL on postoperative days 1, 1,
and 2, respectively) and the patient was discharged
on day 9. Pathological examination of the specimen
demonstrated a margin-free resection and a major
tumor response, as indicated by approximately 30%
of residual cancer cells, and confirmed the presence
of cirrhosis in tumor-free liver. Twelve months after
surgery the patient is disease free and has achieved
full rehabilitation.

capacity. The case reported here indicates that a
therapeutic sequence combining TARE and PVE before
major liver resection could be feasible and may
potentially represent a new strategy for treatment
of large HCC in patients with CLD. The anti-tumor
efficacy of TARE was demonstrated by significant
tumor downsizing, as indicated by a 53% reduction
of tumor volume 17 wk after TARE and by significant
tumor necrosis at pathology. After TARE, PVE led to
37.5% compensatory hypertrophy in the FRL, allowing
uneventful margin-free extended right hepatectomy.
As compared with the combination of TACE and PVE
that was proven feasible but not associated with
oncological benefit, preoperative TARE and PVE could
have several advantages. From a safety point of
view, it can be postulated that TARE before PVE could
be less harmful to the liver than TACE, as particles
used for radioembolization are smaller than those
used for chemoembolization, allowing a more distal
and selective distribution. Furthermore, the safety of
sequential TARE and PVE is suggested by the feasibility
[5]
of TARE in patients with portal vein thrombosis ,
while this condition contraindicates TACE. In addition,
as compared with a strategy using preoperative PVE
only, this sequence in which TARE precedes PVE could
potentially limit the risk of tumor growth while waiting
for liver regeneration. The capacity of TARE to have
a synergistic effect on PVE-induced FRL hypertrophy
is hypothetical but, interestingly in this context,
TARE could also induce atrophy of the irradiatedparenchyma and promote compensatory regeneration
[5]
of the non-irradiated segments . The potential
synergy of this effect with liver hypertrophy promoted
by PVE and its influence on the safety of subsequent
surgery remains to be investigated but may offer new
therapeutic perspectives. Of note, in contrast with
[6]
previous reports , preoperative TARE in the present
case did not create post-irradiation adhesions which
may complicate surgery. Aside from its feasibility and
safety, the oncological benefit of preoperative TARE
remains hypothetical. Yet, in this setting, recent studies
have suggested an advantage of TARE over TACE in
terms of efficacy for treatment of HCC, as indicated
by increased tumor downstaging and prolonged time
[9]
to progression . In conclusion, the combination of
TARE followed by PVE could represent a new option in
patients with CLD and large HCC that was not initially
considered to be resectable due to insufficient RLV.
Due to the unique capacity of TARE to induce tumor
necrosis and contralateral hypertrophy of the nonembolized liver at the same time, this sequence may
offer new therapeutic perspectives and requires further
investigation.

DISCUSSION
The dual pathology in patients with large HCC and CLD
imposes contradictory therapeutic objectives, requiring
a radical oncological resection on the one hand, and the
preservation of a maximal amount of liver parenchyma
on the other hand. In this context, preoperative
treatments could improve the feasibility and safety of
surgical resection by tumor downsizing and expansion
of the FRL. In addition, neoadjuvant treatments can
contribute to patient selection by allowing preoperative
measurement of response to treatment, evaluation of
the biological behavior of the tumor, and assessment
of liver functional reserve as indicated by regenerative
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Case characteristics

A sixty year old male patient presented with a large liver mass in the right lobe.
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Clinical diagnosis

2

Due to the presence of alcohol-related chronic liver disease, a diagnosis of
hepatocellular carcinoma was suspected.

Differential diagnosis

Differential diagnoses included other solid liver tumors, primary or secondary.

Laboratory diagnosis

3

Laboratory data, including alpha-fetoprotein, were not contributive.

Imaging diagnosis

Contrast-enhanced computed tomography scan revealed characteristic
hepatocellular features such as arterial wash-in and portal phase wash-out.

4

Pathological diagnosis

On the operative specimen, pathology confirmed the diagnosis of hepatocellular
carcinoma and a major response to preoperative radioembolization as indicated
by tumor necrosis greater than 50%.

5

Treatment

6

Extended right hepatectomy was preceded by transarterial radioembolisation
to induce tumor downsizing and portal vein embolization to promote future
remnant liver hypertrophy.

Related reports

In such cases of large hepatocellular carcinoma arising from diseased liver, the
resectability is dramatically limited by the need to preserve sufficient tumor-free
liver to avoid postoperative liver insufficiency.

7

Experiences and lessons

This case indicates that new a preoperative strategy, combining radio
embolization and portal vein embolization, could be feasible and safe and allow
major resection for hepatocellular carcinoma in patients with fibrotic liver.

8

Peer-review

The feasibility and safety of this approach should be confirmed in further series,
while the oncological benefit remains to be determined.
9
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CASE REPORT

Hepatitis A complicated with acute renal failure and high
hepatocyte growth factor: A case report
Shinji Oe, Michihiko Shibata, Koichiro Miyagawa, Yuichi Honma, Masaaki Hiura, Shintaro Abe, Masaru Harada
hepatitis A virus (HAV) antibodies. He was also com
plicated with severe renal dysfunction and had an
extremely high level of serum hepatocyte growth factor
(HGF). Therefore, he was diagnosed with severe acute
liver failure with acute renal failure (ARF) caused by
HAV infection. Prognosis was expected to be poor
because of complications by ARF and high serum HGF.
However, liver and renal functions both improved rapidly
without intensive treatment, and he was subsequently
st
discharged from our hospital on the 21 hospital day.
Although complication with ARF and high levels of
serum HGF are both important factors predicting poor
prognosis in acute liver failure patients, the present
case achieved a favorable outcome. Endogenous HGF
might play an important role as a regenerative effector
in injured livers and kidneys.
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Core tip: Renal involvement with hepatitis B and C is
well described. However, the mechanism of hepatitis
A-associated acute renal failure (ARF) is uncertain.
Although the prognosis of hepatitis A is generally
good, complication with ARF can have a negative
impact. Hepatocyte growth factor (HGF) is a predictive
factor for acute liver failure. Fulminant hepatic failure
patients with high serum HGF have high mortality. By
contrast, HGF is also an important factor accelerating
tissue regeneration of injured organs, including the
liver and kidneys. Here, we describe a patient with
acute hepatitis A who achieved a favorable outcome
despite complications with both ARF and high serum
HGF.
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Abstract
A 58-year-old man was admitted to our hospital.
Laboratory data showed severe liver injury and that
the patient was positive for immunoglobulin M anti-
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Acute hepatitis A is usually a mild to moderate illness,
but in rare cases it can lead to severe complications,
such as fulminant hepatitis, acute renal failure (ARF),
blood dyscrasias, including hemolytic and aplastic
[1]
anemia, and autoimmune hepatitis . Although ARF
can develop in more than 80% of patients with fulmi
[2]
nant hepatitis with massive hepatic necrosis , the
development of ARF is not a common complication of
nonfulminant hepatitis A. Although the prognosis of
hepatitis A is generally good, complication with ARF
can have a negative impact.
Hepatocyte growth factor (HGF) is predictive factor
[3]
of acute liver failure. Tsubouchi et al reported that
fulminant hepatic failure patients with high serum HGF
showed high mortality. By contrast, HGF is also an
important factor accelerating tissue regeneration of
[4]
injured organs, including the liver and kidney .
Here, we describe a patient with acute hepatitis
A who achieved a favorable outcome despite compli
cations with both ARF and high serum HGF.

that his serum immunoglobulin M anti-hepatitis A
virus (HAV) antibody was strongly positive at 11.4
Index (RV; below 0.8 Index). The serum level of
hepatocyte growth factor (HGF) was extremely high
at 12.28 ng/mL (RV; below 0.4 ng/mL). Moreover,
laboratory data showed renal dysfunction with
abnormal urinalysis, such as macroproteineuria and
many granular casts. Serum level of complement (C)
3 was 25 mg/dL (RV; 78-128 mg/dL), C4 was less
than 5 mg/dL (RV; 12-31 mg/dL) and C1q-binding
immune complex in sera was within normal limits.
Hence, he was diagnosed with HAV-related acute liver
failure complicated with ARF. His laboratory findings
were very severe. His general condition and appetite
were not good. However, both his general condition
and laboratory data rapidly improved after supportive
treatment, such as administration of proton pump
inhibitors to prevent gastrointestinal bleeding and
lactulose for enterotoxins, such as ammonia. On
th
the 10 hospital day, ALT, prothrombin activity and
creatinine had improved to 372 IU/L, 100% and 1.79
mg/dL, respectively (Figure 1). Proteinuria had also
st
disappeared. On the 21 hospital day, HGF decreased
to 0.45 ng/mL and the patient was subsequently
discharged from our hospital. One month later, his
liver and renal function test had improved to within
normal limits.

CASE REPORT

DISCUSSION

INTRODUCTION

ARF is a common complication in patients with
fulminant hepatitis, but it is also found in 1.5%-4.7%
[5]
of nonfulminant hepatitis A . Since the first case of
[6]
ARF with hepatitis A reported by Wilkinson et al in
1978, about 50 cases of hepatitis A-associated ARF
[5,7]
have been described in the literature . In an analysis
of 208 hepatitis A patients, 15 of 205 non-fulminant
and all three fulminant patients were complicated with
[8]
ARF . Moreover, hepatitis A patients with ARF had
higher ALT, peak total bilirubin and more prolonged
prothrombin time compared with patients without
ARF. Excessive alcohol consumption and diabetes
were more prevalent in the ARF patients. In these
patients, development of ARF might be related to the
degree of acute hepatic injury, because both longterm alcohol abuse and diabetes are associated with
[9,10]
renal dysfunction
. His history of heavy alcohol
consumption might have contributed to ARF.
Renal involvement with hepatitis B and C is well
described. These mechanisms are thought to be
[11]
associated with immune complex deposition . The
deposition of immune complexes containing hepatitis
B surface antigen to glomeruli is the key pathological
process of diffuse membranous glomerulonephritis.
Hepatitis C virus (HCV) infection is associated with
cryoglobulinemia and membranoproliferative glomeru
lonephritis. Deposition of immune complexes involving
HCV and anti-HCV IgG is also important in HCV-related

A 58-year-old man was admitted to our hospital in
2010 with fever, malaise, loss of appetite and jaundice
for 3 d. Although he had consumed about 180 g/d
of alcohol for 38 years, he had been in good health
and had no history of abnormality in annual medical
checkups, including urinalysis.
A physical examination showed icteric skin and
hepatomegaly, but no signs of dehydration. Laboratory
findings revealed severe liver injury and coagulopathy;
white blood cells were 10200/μL [reference value (RV);
4
3100-9.1/μL)], red blood cells were 503 × 10 /μL (RV;
4
4
4.27 × 10 -5.58 × 10 /μL), hemoglobin was 16.2
g/dL (RV; 13.5-17.2 g/dL), platelets were 98000/μL
(RV; 157000-340000/μL), total protein was 5.8 g/dL
(RV; 6.7-8.3 g/dL), albumin was 3.0 g/dL (RV; 4.0-5.0
g/dL), total bilirubin was 4.7 mg/dL (RV; 0.2-1.5 mg/
dL), direct bilirubin was 3.9 mg/dL (RV; 0.1-0.4 mg/
dL), aspartate aminotransferase was 12217 IU/L (RV;
13-33 IU/L), alanine aminotransferase was 5725 IU/L
(RV; 8-42 IU/L), gamma glutamyltranspeptidase was
878 IU/L (RV; 10-47 IU/L), lactate dehydrogenase
was 9536 IU/L (RV; 119-229 IU/L), blood urea
nitrogen was 51 mg/dL (RV; 8-22 mg/dL), creatinine
was 5.40 mg/dL (RV; 0.6-1.1 mg/dL), prothrombin
time percentage was 28.2% (RV; more than 74%),
and markers of hepatitis B virus, hepatitis C virus,
Epstein-Barr virus and cytomegalovirus were nega
tive. A chemiluminescent immunoassay showed
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Figure 1 Clinical course of the patient. Laboratory findings revealed severe liver injury and renal failure on admission. Both the patient’s general condition and
laboratory data, including hepatocyte growth factor, were rapidly improved by supportive treatment. AST: Aspartate transaminase; T-Bil: Total bilirubin; PT: Prothrombin
time; Cre: Creatinine.

renal disease. However, the mechanism of hepatitis
A associated ARF is uncertain, and several possible
mechanisms have been considered. First, because
most hepatitis A patients complain of nausea, vomiting
and diarrhea, circulatory insufficiency caused by
dehydration may activate the renin-angiotensin system
[5]
and may induce prerenal renal failure . In our case,
the patient had severe nausea, vomiting and poor oral
intake. Second, immune complex-mediated nephritis is
possible, because hepatitis A patients have been found
to have several types of glomerular disorders, including
membranous nephropathy, mesangial proliferative
glomerulonephritis and membranoproliferative glo
[12]
merulonephritis . Although the present case also
had proteinuria suggestive of glomerulonephritis,
the level of C1q-binding immune complex in their
sera was within normal limits. Third, endotoxemia
induced by acute hepatitis may cause renal injury.
Systemic hypotension, renal vasoconstriction, release
of cytokines and activation of neutrophils, may all
contribute to the development of renal injury from
endotoxemia. Endotoxemia is often observed within
[13]
10 d of onset in patients with acute hepatitis A .
Although the present case was hospitalized at the fifth
day after onset, serum endotoxin levels were within
the normal range.
HGF is a Kringle-containing polypeptide growth
factor originally identified as a potent mitogen for
[14]
mature hepatocytes in primary culture . HGF
is produced and secreted as pro-HGF by stroma
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cells, such as fibroblasts, macrophages and renal
mesangium, and predominantly acts on a variety of
epithelial cells to regulate cell growth, cell motility and
[15]
morphogenesis . HGF is predictive factor of acute
[3]
liver failure. Tsubouchi et al reported that 14 of 15
fulminant hepatic failure patients with a maximum
serum HGF over 10 ng/mL died. By contrast, in
patients with acute liver failure, serum levels of both
[3,16]
growth and growth-inhibitory factors are elevated
.
It was reported that HGF and its receptor, the
c-met system, was activated, but was hampered by
elevated growth-inhibitory factors, such as TGF-β in
[17]
patients with liver failure . The reciprocal action of
these factors is thought to be a result of impaired
liver regeneration. The effectiveness of recombinant
HGF as a therapeutic drug for acute liver failure has
[4]
been reported . Similarly, HGF is also effective for
renal regeneration. HGF stimulates proliferation of
renal epithelial cells and induces tubular formation in
[17]
vitro . HGF may function as a renotropic factor for
[18]
regeneration with ARF . Expression of HGF mRNA
and HGF activity in the kidney increased in rat models
with renal ischemia or HgCl2 administration. This
phenomenon suggested the possibility that HGF is
a renotropic factor for renal regeneration following
acute renal injury. Hence, recombinant HGF has been
administered clinically as therapeutic drug for ARF.
In conclusion, although the present case with
severe acute liver failure because of hepatitis A
complicated with ARF and high serum HGF level, the
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patient recovered rapidly without intensive treatment.
Endogenous HGF may play an important role in
recovery from injuries of liver and kidney.

3

COMMENTS
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4

Case characteristics

A 58-year-old man with fever, malaise, loss of appetite and jaundice.

Clinical diagnosis

The patient had icteric skin and hepatomegaly, but no signs of dehydration.

5

Differential diagnosis

6

Acute hepatitis B, acute hepatitis C, biliary tract disease.

Laboratory diagnosis

7

Laboratory findings revealed severe liver injury, renal dysfunction and
coagulopathy. The patient’s serum was positive for serum immunoglobulin M
anti-hepatitis A virus antibody. Serum level of hepatocyte growth factor (HGF)
was extremely high (12.28 ng/mL).

8

Imaging diagnosis

An abdominal computed tomography scan revealed an enlarged liver and
normal kidneys.

9
10

Treatment

The patient was treated with supportive therapy, such as administration of
proton pump inhibitors and lactulose.

11

Related reports

12

ARF has been found in relatively few cases of nonfulminant hepatitis A. About
50 cases of hepatitis A associated ARF have been described in the literature.
HGF was a predictive factor of acute liver failure. Fulminant hepatic failure
patients with high serum HGF had a high mortality.

13

Experiences and lessons

The present case had severe acute liver failure caused by hepatitis A that
was complicated with ARF and high serum HGF level. However, the patient
recovered rapidly with supportive treatment. HGF might play an important role
as a regenerative effector in injured livers and kidneys.

14

15

Peer-review

This article reports a rare case of severe hepatitis A complicated with ARF and
high serum HGF level.
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Abstract
A 77-year-old Japanese woman was transported to
a nearby hospital due to sudden abdominal pain and
transient loss of consciousness. Abdominal computed
tomography (CT) suggested hemoperitoneum and
hepatic nodule. She was conservatively treated.
Contrast-enhanced CT two months later revealed an
increased mass size, and the enhancement pattern
suggested the possibility of hepatocellular carcinoma
(HCC). Under a clinical diagnosis of HCC, transcatheter
arterial chemoembolization (TACE) was performed.
A subsequent imaging study revealed that most of
the lipiodol used for the embolization was washed
out. Therefore, surgical resection was performed.
Histologically, the nodule contained numerous
inflammatory cells including small lymphocytes,
plasma cells and macrophages. Notably, epithelioid
granulomatous features with multinucleated giant cells
were observed in both the nodule and background
liver. Some of the multinucleated giant cells contained
oil lipid. Among the infiltrating inflammatory cells,
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[5]

spindle-shaped, histiocytoid or myoid tumor cells with
eosinophilic cytoplasm were found. The tumor cells
were positive for Melan A and HMB45. The nodule
contained many IgG4-positive plasma cells; these
were counted and found to number 72.6 cells/HPF
(range: 61-80). The calculated IgG4:IgG ratio was
33.2%. The nodule was finally diagnosed as previously
ruptured inflammatory angiomyolipoma modified by
granulomatous reaction after TACE.

cell (FDC) tumors is necessary . The authors herein
present a unique case of spontaneously ruptured
hepatic inflammatory AML modified by epithelioid
granuloma, the histology of which was previously
unreported.

CASE REPORT
A 77-year-old Japanese woman was transported
to a nearby hospital due to sudden abdominal pain
and transient loss of consciousness. She had no
past medical history except for acute appendicitis 20
years earlier. She had no signs of tuberous sclerosis.
Abdominal computed tomography (CT) suggested
hemoperitoneum and hepatic nodule. The patient was
transferred to our hospital for further examination and
treatment. Laboratory tests on admission revealed
6
mild anemia (red blood cell count, 3.60 × 10 /μl;
hemoglobin concentration, 10.6 g/dl; hematocrit,
25.6%), while the white blood cell and platelet counts
were within the normal ranges (6300/μl and 17.7 ×
4/
10 μl, respectively). Serology and coagulation tests
showed no abnormalities other than the following: total
protein, 5.8 g/dl (normal, 6.7-8.3 g/dl); albumin, 3.2
g/dl (normal, 3.8-5.0 g/dl) and C-reactive protein,
1.12 mg/dL (normal, < 0.30 mg/dl). All examined
tumor markers were within normal ranges, including
alpha-fetoprotein (AFP) and vitamin K absence-Ⅱ
(PIVKA-Ⅱ). The patient was negative for HBs antigen
and HCV antibody but positive for HBc antibody and
positive for antimitochondrial antibody (AMA)-M2.
The titer of antinuclear antibody (ANA) was 1:160.
The serum IgG level was within the normal range.
Additional serum examination revealed no elevation
of angiotensin-converting enzyme (ACE) or of the
serum IgG4 level. Contrast-enhanced abdominal CT on
admission showed subcapsular hematoma at the left
lobe of the liver and hemorrhagic ascites around the
spleen. A mass-like lesion measuring approximately
1.5 cm in diameter was also noted at segment 2 of the
liver adjacent to the simple hepatic cyst (Figure 1a).
These findings were confirmed by magnetic resonance
imaging (MRI). Because of the stability of the patient’s
vital signs and the improvement of her anemia, the
patient was treated conservatively and discharged on
her tenth day in the hospital.
The patient was followed-up with periodic imaging
studies. Contrast-enhanced abdominal CT performed
two months after the onset revealed an increased
mass size (approximately 2.3 cm in diameter) at
segment 2 of the liver, and the enhancement pattern
(high-low) of the nodule suggested the possibility
of hepatocellular carcinoma (HCC). Under a clinical
diagnosis of previously ruptured HCC, trancecatheter
arterial chemoembolization (TACE) with miriplatin
hydrate and lipiodol was performed at three
months after the onset. Subsequent CT and MRI
images revealed that most of the lipiodol used for the

Key words: Angiomyolipoma; Inflammatory; Rupture;
Lipiodol; Liver
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic angiomyolipoma (AML) is a rare
benign neoplasm. Particularly, the inflammatory variant
of hepatic AML is extremely rare. Spontaneous rupture
of hepatic AML is also extremely rare phenomenon.
The authors herein present a case of spontaneously
ruptured hepatic inflammatory AML associated
with extensive granulomatous reaction induced by
chemoembolization. This case is not only rare, but
also suggests that chemoembolization rarely causes
granulomatous reaction in hepatic tissue.
Kai K, Miyosh A, Aishima S, Wakiyama K, Nakashita S, Iwane
S, Azama S, Irie H, Noshiro H. Granulomatous reaction in
hepatic inflammatory angiomyolipoma after chemoembolization
and spontaneous rupture. World J Gastroenterol 2015;
21(32): 9675-9682 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i32/9675.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i32.9675

INTRODUCTION
Hepatic angiomyolipoma (AML) is a rare benign
neoplasm composed of variable admixtures of
adipose tissue, smooth muscle and thick-walled
blood vessels which was first described by Ishak in
[1]
1976 . Hepatic AML is currently considered to be
a tumor of perivascular epithelioid cells (PEComa)
having myomatous and lipomatous differentiation
[2,3]
and melanogenesis . Melanocytic markers, such as
HMB-45 and Melan A were considered to be promising
markers for AML in immunohistochemistry.
According to the differentiation, predominance of
tissue components, and growth patterns, AML were
subcategorized into classical/mixed, leiomyomatous,
lipomatous, myelolipomatous, angiomatous/angiomyo
matous, epithelioid, trabecular, oncocytic, pleomorphic
[3,4]
and inflammatory variants . Of these, the infla
mmatory variant is extremely rare, and differential
diagnosis with other histologically similar tumors such
as inflammatory pseudotumors (IPTs), inflammatory
myofibroblastic tumors (IMTs) and follicular dendritic
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oval-shaped atypical nuclei with distinct nucleoli were
found (Figure 2e). Lipomatous tissue was not apparent
in the nodule. Mitotic figures and necrosis were not
observed. In the background liver, bridging fibrosis,
which would suggest the presence of chronic hepatitis,
was not observed (Figure 3a). It should be noted
that epithelioid granulomas were observed not only
in the nodule, but also in many portal tracts in the
background liver surrounding the nodule (Figure 3b).
Granulomas were observed even in the intima of some
hepatic arteries (Figure 3c). Inflammatory granulation
tissue containing hemosiderin-laden macrophages
and old blood coagula, which were consistent with
a previous rupture and hemorrhage, were observed
adjacent to the nodule (Figure 3d). The loss of small
bile ducts and chronic non-suppurative destructive
cholangitis (CNDSC) suggesting primary biliary
cirrhosis (PBC) were not observed.
In the immunohistochemical analysis, the tumor
cells were positive for vimentin but negative for pan
cytokeratin (AE1/AE3), hepatocyte paraffin 1, c-kit
and ALK-1. The tumor cells diffusely expressed melan
A with various levels of intensity (Figure 4a) and
focally expressed HMB45 (Figure 4b). Few tumor
cells weakly expressed alpha-SMA (Figure 4c), but
desmin was completely negative. Many IgG4-positive
plasma cells were observed in the nodule (Figure
4d). The numbers of IgG- and IgG4-positive plasma
cells were counted in three hot spots. The average
numbers of IgG- and IgG4-positive plasma cells were
219.0 cells/HPF (range: 177-285) and 72.6 cells/HPF
(range: 61-80), respectively. The calculated IgG4:
IgG ratio was 33.2%. Based on the above histological
and immunohistochemical findings, the nodule was
finally diagnosed as inflammatory AML modified by
granulomatous reaction with multinucleated giant cells.
The patient’s clinical course after surgery was
uneventful, and she was discharged from the hospital
on the seventh postoperative day. No recurrent tumor
has been observed as of the time of this writing (three
and a half years after the operation).

A

5 cm

B

Figure 1 computed tomography. A: Contrast-enhanced abdominal CT on
admission. Subcapsular hematoma at the left lobe of the liver and hemorrhagic
ascites around the spleen were observed. The mass-like lesion measuring
approximately 1.5 cm is also visible at segment 2 of the liver adjacent to the
simple hepatic cyst (arrow). Inset: CT taken two months after onset. The nodule
was highly enhanced by contrast medium in the early phase; b: The cut section
of the nodule. A well-demarcated brown to whitish solid mass lesion measuring
2.5 cm in diameter was observed. A simple hepatic cyst was adjacent to the
nodule. Inset: loupe image of the nodule (HE). CT: computed tomography.

embolization was washed out. Therefore, surgical
resection (laparoscopic left lateral segmentectomy)
was performed four months after the onset.
The cut section of the tumor (Figure 1b) revealed
a well-demarcated brown to whitish solid mass
lesion measuring 2.5 cm in diameter. A simple
hepatic cyst was adjacent to the nodule. The nodule
contained numerous inflammatory cells including
small lymphocytes, plasma cells and macrophages.
Thick-walled abnormal arteries were observed
peripheral to and inside of the nodule (Figure 2a).
Notably, epithelioid granulomatous features, namely
epithelioid macrophages and multinucleated giant
cells, were frequently observed (Figure 2b). Some of
the multinucleated giant cells contained amorphous
material which was positively stained by Oil Red
O staining (Figure 2c and d). Among infiltrating
inflammatory cells, spindle-shaped, histiocytoid or
myoid tumor cells with eosinophilic cytoplasm and
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DISCUSSION
An inflammatory variant of hepatic AML was first
[5]
reported by Kojima et al in 2004. Since then, only
eight cases have appeared in the literature in English
[5-8]
(Table 1) . To make the diagnosis in these cases,
it was essential to recognize histiocytoid or myoid
tumor cells with eosinophilic granular cytoplasm
among the prominent inflammatory cells and to
confirm the expression of melanocytic markers by
immunohistochemistry. Recently, a case of hepatic
inflammatory AML which suggested an association
[6]
with IgG4-related pseudotumor was reported .
Interestingly, our case also showed an elevated IgG4:
IgG ratio; therefore, IgG4-related IPT was initially
considered as a differential diagnosis. However, the
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A

B

D

C

E

Figure 2 Histopathological features of the nodule. a: The nodule contained numerous inflammatory cells. Thick-walled abnormal arteries were observed peripheral
to and inside of the nodule [hematoxylin and eosin (HE), × 40]; b: Epithelioid granulomatous features were frequently observed in the nodule (HE, × 200); c: Some of
the multinucleated giant cells contained amorphous material (HE, × 400); d: The amorphous material was positively stained by Oil Red O staining (Oil Red O staining,
× 400); e: Among the infiltrating inflammatory cells, spindled, histiocytoid or myoid tumor cells with eosinophilic cytoplasm and oval-shaped atypical nuclei with distinct
nucleoli were found (HE, × 400).
[9]

lack of prominent reticular or storiform fibrosis, a
normal serum IgG4 level and the absence of IgG4positive plasma cells in the background portal tracts
[9]
were negative findings for IgG4-related IPT .
Although in most of the reported hepatic AML cases
IgG4-positive plasma cells were not investigated, the
relationship between IgG4-positive plasma cells and
inflammatory AML is an interesting subject. Other
differential diagnoses that were considered in our case
were spontaneous necrosis of HCC and tuberculosis.
The former was ruled out due to the negativity of
hepatocyte paraffin 1 and the absence of a remaining
or wrecked tumor component. The latter was ruled
out due to the absence of caseous necrosis and the
negative polymerase chain reaction (PCR) findings for
formalin-fixed tissue from the background liver and
tumor.
Notable features of the present case included
the granulomatous reaction and the multinucleated
giant cells in both the nodule and the surrounding
portal tracts of the background liver. It is known that

WJG|www.wjgnet.com

IPTs sometimes contain multinucleated giant cells .
However, hepatic inflammatory AML containing
[5-8]
multinucleated giant cells has never been reported .
The differential diagnoses for multiple granulomas
included tuberculosis, systemic sarcoidosis, fungal
infection and PBC. Tuberculosis was excluded due to
the absence of caseous necrosis and the negative
Ziehl-Neelsen stain and negative PCR results obtained
using formalin-fixed tissue. Systemic sarcoidosis was
ruled out because no lesion was found in radiological
examination of the whole body and no elevation of
the serum ACE level was observed. Although positive
serum AMA-M2 suggested the possibility of PBC, it
was ruled out due to the normal levels of serum biliary
enzymes (such as γ-glutamyltransferase and alkaline
phosphatase) and the negative pathological findings
for a lack of small bile ducts and CNDSC. From the
above diagnostic ruleouts and the finding that lipid
material was confirmed in some multinucleated giant
cells, we concluded that the granulomatous reaction
of both the tumor and background liver were possibly
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A

B

C

D

Figure 3 Histopathological features of the background liver. a: Bridging fibrosis was not observed (HE, × 40); b: Many epithelioid granulomas were observed in
portal tracts in the surrounding background liver (HE, × 100); c: Granulomas were also observed in the intima of some hepatic arteries (HE, × 100); d: Inflammatory
granulation tissue containing hemosiderin-laden macrophages and old blood coagula which were consistent with a previous rupture and hemorrhage were observed
adjacent to the nodule (HE, × 100).

A

B

C

D

Figure 4 findings of immunohistochemistry. a: Immunohistochemistry for melan-A (× 400). The tumor cells diffusely expressed melan A; b: Immunohistochemistry
for HMB45 (× 400). The tumor cells focally expressed HMB45; c: Few tumor cells weakly expressed alpha-SMA (× 400); d: Many IgG4-positive plasma cells were
observed in the nodule (× 200).
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Age

Sex

Male: 3

Size/location

6.5 cm (mean)
3-10 cm (range)
Lt. lobe: 5
Rt. lobe: 3
7.9 cm (mean)

77

Female

Rt. lobe: 5
2.5 cm Lt. lobe

22-74 (range) Female: 3 5-10.5 cm (range)
NA: 1
NA: 1
Lt. lobe: 2

45.1 (mean)

41.3 (mean)
Male: 1
21-63 (range) Female: 7

None

None: 6

Present: 1

None (all
cases)

Signs of TSC

Clinical diagnosis

Hepatic AML: 1
HCC (without
biopsy)

Lipomatous tumor: 1
Hemangioma: 1

Hepatic tumor: 4

IPT (by biopsy): 1
Mass lesion (without
biopsy): 7

NA (Melan A): 6
HMB 45: +
Melan A: +

Melan A (+): 1
NA (HMB 45): 5

HMB 45 (+): 2

HMB 45 (+/-): 8/0
Melan A (+/-): 5/2

Melanocytic markers

Hemorrhagic shock

Upper abdominal pain: 3
Unkown:2

Hemorrhagic shock: 2

Pyrexia: 2
Hepatic mass: 4
Abdominal discomfort: 2

Symptom/onset

Treatment

Emergent laparotomy for hemostasis: 2
Elective resection after emergent
laparotomy for hemostasis: 1
Elective resection after TAE: 1
Elective resection after TAE

Emergent resection: 3

Elective resection (all cases)

Alive with no recurrence (3
yr)

Alive with no recurrence:1
(follow up: 2 yr)
NA: 6

All cases alive with no
recurrence (follow up: 2-7
yr)

Follow up after surgery
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A 77-year-old woman was transported to a hospital due to sudden abdominal pain and transient loss of consciousness.

Case characteristics
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induced by the intra-arterial injection of a lipiodolized agent. Although embolization is sometimes performed in renal AML, detailed histology has not been investigated
[10,11]
after the embolization
. A few case reports of granulomatous reactions against lipiodol have been published, including one report of granulomas in HCC induced by
[12-14]
lipiodolized styrene maleic acid conjugated neocarzinostatin (SMANCS)
. Consequently, the question arises as to whether inflammatory cells can secondarily infiltrate
an ordinary AML as a result of TACE. However, we believe that the present case originally developed as an inflammatory AML because of its similarity to previous
hepatic inflammatory AML series in terms of the morphology of the tumor cells and the composition of the inflammatory cells, with the exception of the granulomatous
reaction.
Our case involved an outbreak of intraperitoneal bleeding. Hepatic tumors that cause spontaneous rupture and hemoperitoneum are usually HCCs. However,
it is known that hepatic AML has also ruptured spontaneously and caused hemoperitoneum in rare cases. We could find only seven previously reported cases of
[3,15-20]
spontaneously ruptured hepatic AML (Table 1)
. The previously reported cases involved large (5-10.5 cm) subcapsular tumors. Our case was also subcapsular but
was the smallest (2.5 cm) ruptured hepatic AML among those reported. No ruptured case was found in the previously reported inflammatory AML series.
In summary, we have presented an extremely rare case of a spontaneously ruptured hepatic inflammatory AML modified by a granulomatous reaction after
chemoembolization. Present case would be useful reference for the pathologists or clinicians who encounter similar case in the future.

TSC: Tuberous sclerosis complex; IPT: Inflammatory pseudotumor; HCC: Hepatocellular carcinoma; NA: Not available.

Present case

Previous cases
of hepatic
inflammatory AML
(n = 8)[5-8]
Previous cases of
ruptured hepatic
AML (n = 7)[3,15-20]

Table 1 Summary of previously reported hepatic inflammatory angiomyolipoma and ruptured hepatic angiomyolipoma in the literature in English
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Clinical diagnosis

Abdominal computed tomography (CT) revealed hemoperitoneum and hepatic
nodule.

Differential diagnosis

5

Laboratory diagnosis

6

Imaging diagnosis

7

Rupture of hepatocellular carcinoma, mass-forming intrahepatic cholan
giocarcinoma, metastatic liver tumor and other hepatic tumors.

Mild anemia was observed. All examined tumor markers were within normal
ranges, including alpha-fetoprotein and vitamin K absence-Ⅱ.

Clinical diagnosis of ruptured hepatocellular carcinoma was made by the
findings of contrast-enhanced abdominal CT.

8

Pathological diagnosis

Among the infiltrating inflammatory cells with epithelioid granulomatous
features, tumor cells which were positive for Melan A and HMB45 were
found. The nodule was finally diagnosed as previously ruptured inflammatory
angiomyolipoma modified by granulomatous reaction after chemoembolization.

9

Treatment

Transcatheter arterial chemoembolization was initially performed and then
surgical resection (laparoscopic left lateral segmentectomy) was performed.

Related reports

Only eight cases of hepatic inflammatory angiomyolipoma, seven cases
of spontaneously ruptured hepatic angiomyolipoma and a few cases of
granulomatous reactions against lipiodol have appeared in the literature in
English.

10
11

Term explanation

Hepatic angiomyolipoma is a rare benign neoplasm having myomatous and
lipomatous differentiation and melanogenesis. Its inflammatory variant is
extremely rare.
12

Experiences and lessons

This report provides valuable experience of hepatic inflammatory angio
myolipoma involving spontaneous rupture and granulomatous reaction due to
chemoembolization. We believe present case would be useful reference for the
pathologists or clinicians who encounter similar case.

13

Peer-review

This is a well written case series and literature review. Although the pathological
features were well described and literatures were reviewed completely, details
of CT manifestations were not well revealed.

14
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